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Abstract

Nile tilapia is a widely farmed species globally, due to its resistance to environmental challenges. Additionally, it is a generalist 
consumer and a prolific breeder. In Brazil, this fish is recognized as an invasive species because of its high dispersion and 
establishment rates, which compromise native biota. Estuarine waters (0.06 - 32‰) are being used in tilapia aquaculture, 
which is a promisor fish farming for euryahalinity species. The tilapia’s euryhalinity is well-know, but most protocols are 
based on gradual exposure. This research showed the tolerance of Nile tilapia on abrupt exposure to 0‰ (FW), and 10, 20, 30, 
35 or 40‰, over in 6, 12 and 24 hours. An abrupt exposure resistance demonstrate that this fish can use estuaries to disperse 
for other watersheds. After experimental design the blood sample was taken after anesthesia was administered. Subsequently, 
fish was euthanized by spinal section, for muscle and gills samples collections. All samples were keep freezing until ionic, 
dehydration and enzyme measurement. Nile tilapia survived 24h until 30‰, 12h at 35‰ and 9h at 40‰. Osmolality increase 
and muscle dehydration decrease both above 20‰. While sodium levels keep regulated in all salinities, chloride, potassium 
and magnesium levels also increased above 20‰. These results prove that tilapia can easily tolerate abrupt exposure until 
20‰ without an osmotic stressor. Gill carbonic anhydrase (C.A.) activity decreased at 30‰, and NKA did not change along 
salinities and times. These results complements plasma and dehydration averages, showing the large tolerance of this specie 
to salinity challenges, even in abrupt exposure. Then, these results can be used for discuss about the estuary fish farming 
system for tilapia, as this species may use estuarine waters to nearby rivers and also can harm the native ecosystem. 
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Introduction

Brazilian fish farming is the mainly activity through 
which non-native species can disperse into natural 
environment (about 87% involves non-native species) [1]. 
Tilapias and carps are the most commonly cultivated exotic 
species [2]. This high percentage can be linked with the 
economic benefits; since tilapia’s meat has many organoleptic 
characteristics which promotes high demand for the human 
diet add the low-cost in its farming [3]. 

Tilapia is considered an invasive species in several 
countries, as Brazil, because can tolerate several abiotic 
stressors parameters, not tolerated by most fishes, including 

native species. In addition, is an omnivorous species, has 
a short reproductive cycle (each 6 months), high offspring 
(200-1000 eggs per spawn), sexual reversion ability and good 
growth and development even under farming compared with 
other fishes. The physiological traits of Nile tilapia promote its 
farming in net tanks systems, also in estuary water (between 
freshwater – 0 to 0.06‰ and marine water - ~33‰). 
However, these systems combine with species’ high tolerance, 
could increase the risk of its invasion into other watershed, 
potentially leading a local ecological imbalance [4]. 

Nile tilapia belong to Cichlidae family (with freshwater 
secondary occupation) and Perciformes order (with marine 
ancestors) has an evolutionary history that helps explain, 
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at least in part, the tilapia euryhalinity. Then, the specie 
can tolerate salinity changes because its genome retains 
osmoregulatory plasticity, allowing that different genes 
can expressed proteins for both active salt absorption (in 
freshwater) or secretion (in salt water) [5]. 

The blood osmolality and ionic levels evaluation, with 
muscle dehydration experiment, can offer insights into the 
euryhalinity capability perspective of species like Nile tilapia, 
as all fishes are osmoregulators. This means they must spend 
energy on ion transporters, to maintain internal ion levels 
with an opposite concentration of external environment [6]. 
Gill C.A. (carbonic anhydrase) and NKA (Na+/K+-ATPase) 
enzyme activities can reinforce these regulatory mechanisms 
at the molecular level over the long-term, as osmoregulatory 
proteins may be up or downregulated, or even not expressed 
[7]. 

The CCs cells represents approximately 10% of the gill 
epithelium, and it can translocate primary or secondary 
osmoregulatory proteins, as like C.A. and NKA to their plasma 
membranes, or retain them in intracellular space. The C.A. 
is a cytoplasmic enzyme that catalyzes the dehydration 
carbonic acid, producing protons and bicarbonate. While 
chemical gradient of protons (H+ efflux promote by H+-
ATPase) allow the sodium passive uptake, the bicarbonate/
chloride cotransporter increase intracellular chloride levels. 
This is crucial for to the function of basolateral NKA, with 
sodium internalization to blood. Freshwater osmoregulators 
must be able to salt absorption through this mechanism. 
To other hand, seawater osmoregulation involves a sodium 
paracellular pathway, allowed by potassium recirculation in 
the basolateral membrane [8]. 

This research examined whether Nile tilapia can tolerate 
abrupt salinity changes, and this repercussion on balance of 
native ecosystems. 

Methodology 

Committee of Ethica approved the experimental design 
(process number: 23075.081084/2011-67). Nile tilapia (9-
13 cm, n= 162) were acclimated for 5 days and submitted 
to 6, 12 and 24 hours at 0, 10 and 20‰; 6 and 12 hours at 
30 and 35‰; and 6 hours at 40‰ (according preliminary 
survive tests). 

After experimental design, all fish were anesthetized with 
benzocaine (prepared with 120 mg/L in ethanol, with 1:500 
of water dilution, until movement lost ~3 min) for blood 
sample collect (vein punction, with heparin). The osmolality 
was measured with a micro-osmometer, and sodium and 
potassium levels by a flame photometer, while chloride and 
magnesium were determined via spectrophotometry. 

After euthanasia by spinal section, a piece of muscle 
and the second left gill arch were collected for muscle water 
content or enzyme activities evaluation. Muscles samples 
were dried in an oven for calculate the dehydration: [(Wh - 
Wd)/ Wh] x 100, where Wh refers to wet muscle weight and 
Wd the dried muscle.
 

For C.A. assay, the gill tissue was homogenized (1:10) 
in a buffer solution (pH of 7,4) containing mannitol 
(225mM), sucrose (75mM) and tri-phosphate (10mM), with 
subsequently centrifugation. The buffer(control) or the 
buffer with samples were put in a glass. Then, the decrease 
of the pH was obtained soon after the addition of carbon 
dioxide in water, also put on glass solution. Then, the pH was 
noted every 4 seconds, five times. 

For NKA assay, gills were homogenized with 200µl of 
buffer solution cointaining sucrose (250mM), imidazole 
(50mM) and Na2EDTA (10 mM), along with 10µl of EDTA 
diluted in buffer, for centrifugation. The enzyme activity 
is measured by comparing ATP catalyze in the presence 
or absence of ouabain (NKA inhibitor), using absorbance 
readings taken over 10 minutes at 340nm. 

Statistical analyzes were performing using one way – 
ANOVA (salinity x time, in samples of 0-30‰). T-test was 
used to compare time-dependent data. Significance level set 
at 5%.

Results and Discussion

The half-lethal salinity was achieve over 9h at 30‰ and 
over 6h at 35‰ and 40‰ salinity. Other studies have shown 
that the euryhaline Mozambique tilapia, O. mossambicus 
tolerated 6 hours at 30‰9 and 4 hours at seawater [9,10]. 
As estuarine waters has 0.06 to 32‰, and a tidal cycle 
occurs approximately every 12 hours per day, these tilapia 
tolerance provides substantial insights into tilapia potential 
to invade other watersheds via estuaries. The estuary fish 
farming is increasing in several Brazilian states [2], creating 
an important concern about this system using tilapias.

Plasma osmolality in freshwater was measured at 252 
mOsm/ kg of water, reaching over of 400 mOsm/ kg of water 
at salinities above 20%. At this salinity, osmolality in 24 
hours was lower than 12 hours, showing a rapid osmolality 
adjustment (Figures 1A-C). In other fishes, osmolality also 
increases during abrupt exposure to 20‰ salinities, but 
normal (control) osmolality returns only after several weeks 
[11-13]. Muscle water content decreased at 20‰ in 24 hours 
(Figures 1D-F). This manner, osmotic muscle regulation 
closely follows osmolality, at least at 20‰, salinity threshold 
for mortality. Some studies showed a faster dehydration time 
(within 6 hours) at the same salinity 16. 
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Figure 1: Data absence indicates mortality. Different letters indicates osmolality increase and also muscle water decrease. * 
Indicates differences between 6 and 12 hours, and #, between 6 and 24 hours.

Figure 2: Data absence indicates mortality. Different letters indicates difference in chloride levels. * Indicates differences 
between 6 and 12 hours.
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Sodium levels remained regulated across all times and 
salinities, averaging ±148 mM, which demonstrate sodium’s 
essential role in maintaining other cellular activities. The 
highest chloride levels increased above 20‰ reinforcing 
that higher salinities, over time, acting as stressors to the 
fish, limiting their survival tolerance (Figure 2). Osmolality 
and chloride levels serve as indicators of osmotic stress, 
reflecting the need for a rapid modulatory response that not 
all euryhaline species can achieve during abrupt exposure 

[14]. Addittionally, salinities changes are related to the 
number or density CCs, which likely influence in chloride 
influx [15].

Potassium and magnesium levels also increased above 
20% (Figure 3). The elevated potassium levels may indicate 
cell lysis, which reinforce the ionic-osmotic deregulation 
observed. Tilapias exposed to abrupt salinities changes 
showed increases in these ions even at 18‰ [16]. 

Figure 3: Data absence indicates mortality. Different letters indicates difference in chloride levels. * Indicates differences 
between 6 and 12 hours.

Osmotic stress promote deregulation in osmoregulatory 
proteins functions, as gene expression regulation is a long-
term process (i.e.; weeks or months) and relies on the 
“reserves” of these molecules. Gills C.A. activity decreased 
just after 24h at 20‰, while NKA keep regulated (Figure 4). 
While NKA maintain membrane potential (for cell survival) 
C.A. activity is essential mainly in freshwater, due it salt 
absorption role, but is also crucial for maintaining acid-base 

balance, so its abrupt reduction may introduce additional 
stress factors for the fish [17]. Other studies showed that 
both in Nile tilapia 10 and Mozambique tilapia [13], typically 
show increased osmoregulatory enzyme activity as result as 
a pre-adaption to higher salinities. Mozambique tilapia also 
shows enzyme activity decrease at seawater, indicating fish 
limits of salinity stress [12]. 

Figure 4: Enzyme activities in 6 (white columns), 12 (gray columns) and 24 (black columns) hours Enzyme activity were 
evaluated just in survive fish. Different letters indicates enzymatic activity increases.
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This research proved that the tilapia is extremely 
euryhaline even under abrupt exposure of salinities changes, 
tolerating a tidal cycle without difficulty. This manner, 
this species really has the potential to invade, disperse 
and establish itself in other watersheds through estuaries 
salinities. This findings warning about new fish farming in 
estuaries, which could increase the density and genic flow of 
this invasive species. The higher density of invasive species 
can hybridize with native species, which results in the loss of 
genetic patrimony of the ecosystem, in addition with changes 
in trophic chain and new parasites bring by the exotic fish 
species, that can lead native biodiversity lost and even 
extinctions. Even with these issues, several governmental 
programs and the Law 5989/09 stimulates the use of exotic 
species for national fish farming [18].

Net tanks have a higher human intervention, observed 
mainly in fishing, which is made nearby or directly in natural 
water’s body. Is common to find not-cultivated species in net 
tanks, which suggest the opposite way for farming species, 
easing the invasive specie dispersion [19]. 

Conclusion

•	 Nile tilapia exhibits high euryahalinity, even under 
abrupt exposure to salinities changes;

•	 The physiological performance of Nile tilapia in the 
short-term (ionic and osmotic regulation) demonstrates 
that it can survive in estuarine waters long enough to 
spread to other watersheds;

•	 Nile tilapia used in this research showed greater 
tolerance compared to other studies with Nile tilapia 
more euryhaline tilapia species. These results may be 
related to hybrization species in fish farming;

•	 Abrupt exposure does not allows for observation of 
gene regulation of osmoregulatory proteins, indicating 
that abrupt salinity changes do not enable the species to 
mount a long-term physiological response;

•	 Other suggestions of studies can have an ecological 
approach, for example, comparing native or non-native 
species diversity and richness in several river watersheds 
nearly estuary fish farming.
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