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A B S T R A C T

The aim of the study was to evaluate the survival of Serrasalmidaes fish, pure and hybrid, during periods of low
temperature. The experiment was carried out from June to August 2016 (51 days) in an aquaculture station of
São Paulo Agribusiness Technology Agency, Brazil. A diallel crossbreeding between pacu and tambaqui was
performed by artificial reproduction, generating four genetic groups: pacu (♂ pacu × ♀ pacu), tambaqui (♂
tambaqui × ♀ tambaqui), paqui (♂ tambaqui × ♀ pacu), and tambacu (♂ pacu × ♀ tambaqui). Fish were
distributed in 24 experimental plots (110 fingerlings of each groups per plot) and were fed twice daily with
commercial diets containing three different levels of crude protein (CP): 24%, 28% and 32%. When the water
temperature showed successive decreases due to the environmental climatic conditions, the ponds were mon-
itored daily to record the mortality. The data on number of days of life of animals were submitted to Cox
multivariate regression analysis to test the effects of the genetic group, CP levels and the interaction between the
two factors. Kaplan-Meier survival curves were adjusted for factors that had a significant effect on the Cox
regression analysis. The pacu group presented higher survival than other groups, regardless of the CP level in the
diet. The tambaqui and paqui groups were more susceptible to environmental conditions, especially when fed a
diet containing a higher level of CP. Overall, purebred pacu presented greater adaptation to the production
conditions in the region where the experiment was carried out. However, if the aim is the production of hybrid
fish, crosses between pacu males and tambaqui females (Tambacu) generate fish that are resistant to low
temperatures.

1. Introduction

Since fish are ectotherms and their body temperature is dependent
on their environment, water temperature is one of the most important
variables in fish farming (Kellogg and Gift, 1983; McCauley and
Beitinger, 1992). Ponds and cages designed for fish farming are gen-
erally shallow and limited, which restricts the ability to escape, al-
lowing fish to be directly influenced by climatic conditions and hand-
ling (Sipaúba-Tavares et al., 1999). The ideal temperature range for
tropical fish growth is 25 °C to 32 °C and, in the warmer seasons of the
year, food consumption increases (Dayton et al., 1995; Dobson and
Holmes, 1984). However, temperatures exceeding the optimal level for
the species hinder digestion processes, inhibiting the absorption of

nutrients, reducing growth rates and, in extreme cases, may be lethal
(Azevedo et al., 2011; Jobling and Baardvik, 1994). In contrast, low
temperatures reduce metabolic activity, decrease the immunity of the
animals and favor the emergence of diseases that are triggered mainly
by bacteria and fungi (Sardella et al., 2007).

Freshwater fish, such as salmonids, carp (Cyprinus carpio), catfish
(including Pangasius) and tilapia (Oreochromis sp), have dominated the
world market of continental aquaculture (FAO, 2016). However, recent
studies on native species and some hybrids from South America showed
high yield potential (Hashimoto et al., 2012; Neto et al., 2012). Among
the species of high potential, representatives of Serrasalmidae family,
mainly pacu Piaractus mesopotamicus, tambaqui Colossoma macro-
pomum, and their interspecific hybrid fish have been mass-produced in
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Brazilian and South American aquaculture (Filho, 2016).
Tambaqui is widely distributed in tropical regions of South America

and Central Amazonia. In Brazil, it is the second most cultivated species
in terms of continental aquaculture with a production over 135 thou-
sand tons (Filho, 2016). Although cultivation is possible throughout the
Brazilian territory, fish farmers are discouraged from cultivating tam-
baqui due to high mortality rates during the winter, especially in the
south and southeast regions of Brazil, where there are long periods with
low temperatures during this season. On the other hand, pacu show
tolerance to low temperatures, which represent normal conditions for
the Southeast and South of the country, but have lower growth com-
pared with tambaqui (Reis Neto et al., 2012). Thus, hybrids are pro-
duced from the crossing of pacu and tambaqui to obtain a fish that has
better performance than the parental species with regard to growth
rate, fillet quality, resistance to diseases, and cold tolerance, among
other factors.

Although these species and their hybrids belong to the same family
(Serrasalmidae), the nutritional requirements of the fish can vary ac-
cording to the life stage, genetic constitution, physiological state, sea-
sonality, production system, water quality and temperature (Hidalgo
et al., 1987). Determination of protein and energy requirements is es-
sential for any initiative aimed at the cultivation of a certain species,
since protein is the main nutrient used in fish diets and also represents
the greatest economic cost in intensive cultivation (Ng et al., 2000).

Inadequate nutritional management can be harmful to health,
causing the fish to become more susceptible to environmental varia-
tions and increasing the occurrence of diseases and even mortality.
Several research studies have already been carried out to determine
adequate levels of protein in the diet for the best growth of pacu and
tambaqui. For pacu juveniles, the level of 27% CP results in higher
growth rates (Bicudo et al., 2010), while for tambaqui, the CP levels
that favor growth are approximately 30% (Lima et al., 2016). However,
there are no studies available which have evaluated the influence of
protein level in the diet on the tolerance of Serrasalmidae fish to low
temperatures.

The production of hybrids from the crossing pacu and tambaqui is
very common in South American fish farms. However, there are no
scientific reports confirming the improved adaptation to environmental
variations compared to their parental species. Therefore, we evaluated
the survival of pacu, tambaqui and their reciprocal hybrids when they
were fed diets containing different levels of protein, during periods of
low water temperatures in fish farm ponds.

2. Materials and methods

2.1. Genetic groups

The experiment was carried out from 10 June to 01 August 2016 in
Pariquera-Açú (latitude 24° 43 ‘14’ ‘S and longitude 47° 52’ 43 “O), in
the fish farming sector of APTA Vale do Ribeira of the Paulista
Agribusiness Technology Agency (APTA Regional).

The juveniles used in the experiment came from breeding stock from
the Aquaculture Center of State University of São Paulo (CAUNESP —
Jaboticabal). Molecular analysis was performed to confirm the breeds
of the parental species (pacu and tambaqui). For this purpose, fin
samples were collected from the animals selected for reproduction and
fixed in 100% ethanol, and subsequently methods of extraction and
purification of the total DNA based on the commercial kit “Wizard
Genomic DNA Purification Kit - Promega” were applied. Afterwards,
Multiplex PCR (tpm1 gene), standardized according to protocols de-
veloped by the Fish Genetics Laboratory of UNESP of Bauru, was used
for the molecular identification and analysis of the samples (Hashimoto
et al., 2014). The products generated by Multiplex-PCR were subjected
to agarose gel electrophoresis, generating a pattern of diagnostic gen-
otypes that was used to identify purebred fish and possible interspecific
hybrids (Fig. 1).

After confirmation of the breeding species by molecular analysis, a
diallel cross between pacu and tambaqui was carried out in the native
fish breeding laboratory at the UNESP Aquaculture Center (CAUNESP -
Jaboticabal). In December 2015, five pacu males, four tambaqui males,
five pacu females and four tambaqui females were used in the artificial
reproduction protocol developed by Criscuolo-Urbinati et al. (2012).
Oocytes from each female (50 g, approximately 1200 oocytes/g) were
fertilized separately with semen (500 ul) from each male. The use of
pool before fertilization was not applied to avoid differences due to the
spermatozoa/oocyte quality of each male/female. The eggs of each
genetic group were clustered in different incubators of 100 l after
15min of fertilization, before the larvae hatching. This strategy was
adopted due to the limitations of the number of incubators and physical
space, i.e., incubating the eggs separately from each mating was not
feasible. This generated four genetic groups: pacu (pacu female and
pacu male); tambaqui (tambaqui female and tambaqui male); paqui
(pacu female and tambaqui male); and tambacu (tambaqui female and
pacu male).

The embryos were incubated as separate genetic groups. After
hatching, the larvae were fed with Artemia Salina Artemia franciscana
nauplii and after five days were transferred to ponds at a density of 200
larvae/m2, with one genetic group in each pond.

2.2. Experimental conditions and survival study

In February of 2016, 2640 fingerlings of each genetic group were
transferred to the fish farm at the regional APTA of Vale do Ribeira and
stocked in twelve 200m2 ponds, each divided into two equal parts
(5× 20m) separated by a polypropylene screen (9× 9mm mesh) with
individual water supplies, forming 24 experimental plots.

The twelve ponds used have exactly the same measurements: 20m
in length, 10m in width and initial and final depth in 1.2 m and 0.5m
respectively, in addition they were arranged in the same direction and
very close to each other. Although each pond had an independent
supply and drainage system, the water source (dam) was the same for
all ponds, which minimizes the effect of the plot.

The 660 fingerlings of each genetic group (initial weight:
pacu= 11.1 ± 4.6 g; tambaqui= 15,3 ± 6.8 g; tambacu=14.5 ±
5.6 g; paqui= 9.7 ± 4.2 g) were randomly collected and distributed
in the experimental plots (110 fingerlings from each group per plot).

Feeding consisted of three diets containing CP levels of 24%, 28%
and 32%, provided ad libitum, twice daily, with the exception of days
when the water temperature fell to values below 20 °C.

As of June 10, when the water temperature showed successive
drops, the ponds were monitored daily and fish that were found dead
were recorded according to their experimental plots, at this time sur-
vival was 100% for all groups. Thus, the survival time of each fish was
calculated as the time between the start of the experiment (June 10)
and the date the fish was found dead. Mortality was identified by the
presence of dead fish on the surface and bottom of the pond. To avoid
errors in calculating mortality due to fish predation, anti-predator
(birds) polypropylene screens (2× 2 cm mesh) screens were installed
on the ponds.

Samples of water were collected weekly to determine the con-
centration of ammonia, nitrate, nitrite, dissolved oxygen, total phos-
phorus, orthophosphate, chlorophyll a and pheophytin. Water tem-
perature of ponds was measured daily at 8 a.m. using a Multi-parameter
Water Analyzer (HI9146–04: Hanna Instruments, Brazil).

All handling of animals were performed according to standards es-
tablished by the Ethics Committee on Animal Use of Faculty of Agrarian
and Veterinary Sciences of UNESP (CEUA 04/12/2015).

2.3. Statistical analysis

The experimental design was completely randomized with 12
treatments in a factorial scheme (3 diets× 4 genetic groups) and 2
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replicates per treatment.
The data on animal survival time (days) were submitted to Cox

multivariate regression analysis (Cox, 1972) to test the effects of the
genetic group, CP level in the diet and the interaction between the two
factors on survival time using the “survival” library of statistical soft-
ware R for windows, version 3.4.2 (R Core Team, 2013). Subsequently,
survival curves were adjusted, based on the Kaplan-Meier method
(Curve and Efron, 1988), for factors that had a significant effect on the
Cox regression analysis. The lifetime estimates (in days) generated from
the survival curves were compared for each adjustment set using the
log-rank test whose statistics can be adjusted to a chi-square distribu-
tion. Since the test used was generalized for multiple comparisons, the
value of α was corrected using the Bonferroni method in which the
critical value is obtained by dividing α at 5% by the number of com-
parisons considered in each analysis.

3. Results

3.1. Water quality

The values of water quality variables remained within the standards
of Conama (2005) for inland waters (Table 1). During the survival
evaluation period, mean values for the water temperature ranged from
14.0 °C to 22.9 °C (Fig. 2). The temperatures recorded were relatively
low, as the experiment was conducted in the winter, which coincided

with the period of fish mortality.
The discarded fish presented typical symptoms of fungal infection,

with changes in swimming behavior, lethargy, lesions on the tissues

Fig. 1. A - Molecular identification pattern of
Piaractus mesopotamicus stock of Caunesp. M, 1 Kb
Plus DNA Ladder (Invitrogen); Columns 1, 2 and 3
are samples of purebred species P. mesopotamicus, C.
macropomum and P. brachypomus, respectively, used
controls for amplification; Columns 4, 5, 6, 7, 8 and 9
are samples of Piaractus mesopotamicus used as
breeders for the experiment, whose purity was con-
firmed as having the same pattern as that found in
column 1. B - Molecular identification pattern of
Colossoma macropomum stock of Caunesp. M, 1 Kb
Plus DNA Ladder (Invitrogen); Columns 1, 2 and 3
are samples of the purebred species P. mesopota-
micus, C. macropomum and P. brachypomus, respec-
tively, used as controls for amplification; Columns 4,
5, 6, 7, 8 and 9 are samples of Colossoma macro-
pomum used as breeders for the experiment, whose
purity was confirmed as having the same pattern as
that found in column 2.

Table 1
Mean values of Dissolved Oxygen (mg L−1), Hydrogenation Potential, Water Transparency (cm), Electrical Conductivity (μS cm−3), Water Alkalinity (mg CaCO3
L−1), Total Ammoniacal Nitrogen (Mg L−1), Nitrite (mg L−1), Nitrate (mg L−1), Orthophosphate (mg L−1) and Total Phosphorus (mg L−1), during the experimental
period in the twelve ponds.

Supply 24% CP 28% CP 32% CP Effluent

Dissolved oxygen 4.27 ± 2.7 5.77 ± 1.9 5.92 ± 1.9 5.73 ± 1.6 5.15 ± 2.3
pH 5.82 ± 0.6 5.90 ± 1.1 5.96 ± 0.9 5.96 ± 0.9 5.96 ± 1.1
Alkalinity 23.45 ± 2.7 21.99 ± 3.4 22.9 ± 2.1 22.28 ± 2.3 24.81 ± 2.9
Transparency 100 ± 0 60 ± 11,5 60 ± 12.5 60 ± 12.5 100 ± 0
Conductivity 51.15 ± 1.6 51.16 ± 1.8 49.4 ± 2.1 51.08 ± 1.9 49.70 ± 1.9
Total Am. Nitrogen 0.001 ± 0.0 0.002 ± 0.0 0.002 ± 0.0 0.002 ± 0.0 0.002 ± 0.0
Nitrite 0.000 ± 0.0 0.000 ± 0.0 0.000 ± 0.0 0.000 ± 0.0 0.000 ± 0.0
Nitrate 0.021 ± 0.0 0.096 ± 0.0 0.057 ± 0.0 0.042 ± 0.0 0.0142 ± 0.0
Orthophosphate 0.000 ± 0.0 0.000 ± 0.0 0.000 ± 0.0 0.000 ± 0.0 0.000 ± 0.0
Total Phosphorus 0.001 ± 0.0 0.000 ± 0.0 0.000 ± 0.0 0.001 ± 0.0 0.001 ± 0.0
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Fig. 2. Average and standard errors for water temperature of ponds during the
survival evaluation period.
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(gills and skins) and necrosis, which are consequences of thermal stress
associated to drop in fish immune system efficiency (Coelho et al.,
2003).

3.2. Survival analysis

The Cox multivariate regression analysis showed a significant effect
of the interaction, thus, there is dependence between the genetic group
and the CP level of the diet for the survival of the animals.

Pacu juveniles fed with the 32% CP diet had a higher survival rate
(p < .016) compared with pacu fed with other diets, and tambaqui fed
with diets containing 32% CP or 28% CP showed a higher survival rate
(p < .016) compared with tambaquis fed the 24% CP diet (Fig. 3,
Table 2).

The relationship between survival and dietary protein level in hy-
brid juveniles was contrary to that in purebred juveniles. Tambacu fed
with the 32% CP diet had higher (p < .016) mortality compared with
the tambacu fed with 28% CP and 24% CP diets, and paqui that con-
sumed the diet with 24% CP showed longer (p < .016) survival time
than paqui juveniles that consumed the diets containing 32% and 28%
CP (Fig. 3, Table 2).

Thus, by analyzing the results for genetic groups singly as a function
of the different diets, it was observed that a diet containing a higher

protein level was more efficient for the purebred species, whereas the
diet containing a lower protein level was more favorable for the hy-
brids. This finding explains the higher mortality of fish fed with a diet
containing a higher protein level, since, in general, more hybrids (507

Fig. 3. A - Survival as a function of time for Pacu fed with different diets, B - Survival as a function of time for Tambaqui fed with different diets, C - Survival as a
function of time for Tambacu fed with different diets, D - Survival as a function of time for the Paqui fed with the different diets.

Table 2
Estimation (confidence interval) of expected lifetime (days) fish juveniles
(pacu, tambaqui, tambacu and paqui) fed on diets with different protein levels.

Crude
protein
levels

Genetic groups

Pacu Tambaqui Tambacu Paqui

32% CP 48.5
(47.6–49.3)* Aa

33.7
(31.1–36.4)
Ab

33.5 (31–35.9)
Bb

27.5 (24.9–30)
Bc

28% CP 43.9 (42–45.9)
Ba

36.6
(34.5–38.8)
Ab

43.7
(41,9–45.4) Aa

29.8
(27.2–32.5) Bc

24% CP 43.9
(45.3–47.7) Ba

36.6 (26.3–32)
Ab

43.7 (39.1–43)
Aa

29.8
(36.4–41.4) Bc

Estimates followed by uppercase letters in the same column are significantly
different according to the log-rank test (p < .008). Estimates followed by
lowercase letters in the same line are significantly different according to the
log-rank test (p < .0016). *(lower limit - upper limit).
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or 39% of fish) than purebred fish died (388 or 30% of fish).
When feeding a diet containing 32% CP, it was observed that pacu

was the group that achieved the highest (p < .008) survival, whereas
paqui was the group with the highest (p < .008) mortality. Survival
time between tambaqui and tambacu showed no significant difference
(Fig. 4, Table 2).

The pacu and tambacu groups, when fed with the 28% CP diet,
showed higher survival (p < .008) than the other groups. Again, paqui
was the group that presented the lowest survival (p < .008) when fed
with the 28% CP diet (Fig. 4, Table 2).

With regard to the 24% CP protein level diet, the pacu group had a
greater (p < .008) survival, followed by the tambacu and paqui groups
that did not differ (p > .008) from each other. Tambaqui juveniles
presented lower survival (p < .008) than the other genetic groups
(Fig. 4, Table 2), which resulted in a lower expected lifetime of pure-
breds when fed with a low protein diet.

In general, the pacu showed the same or higher level of tolerance to
low temperatures than other genetic groups in all tests performed when
exposed to a thermal challenge. Tambacu produced results equivalent
to pacu with the 28% CP diet and equivalent to tambaqui with the 32%
CP diet. Paqui were shown to be inferior, in terms of the tests performed
in this study, to the other genetic groups (Table 2).

4. Discussion

The water quality parameters varied within acceptable levels for
fish farming, as recommended by Conama (2005), except for the water
temperature that fell below the temperatures recommended in the lit-
erature for tropical species.

Temperature variation potentially influences all fish physiological
and behavioral processes (Lembi, 2001). According to Mazeaud et al.
(1977), these changes in physiological and behavioral processes can be
classified into three phases: the primary phase, characterized by the
release of catecholamine and activation of the corticotropin-interrenal
axis; the secondary phase, characterized by hematological, osmor-
egulatory, enzymatic and metabolic effects; and the tertiary phase,
characterized by susceptibility to diseases such as those caused by fungi
and bacteria, and lower growth and fecundity.

In our study, the water temperature showed abrupt drops varying
from 14.0 °C to 22.9 °C, which directly influenced the mortality of the
genetic groups evaluated. After a temperature drop during the experi-
mental period, fish of some genetic groups presented uncoordinated
and slow swimming and could be captured by hand. Fungi were visible
between the pectoral and dorsal fins, and there was appearance of
necrosis on the skin. Studies involving tropical species have reported
osmoregulatory disturbance, disorientation, imbalance and mortality at
low temperatures (Sardella et al., 2007; Sun et al., 1992).

Among the purebred genetic groups, pacu were the least susceptible
to temperature variation, regardless of the dietary protein level. This
result was anticipated since the pacu habitat, the Pantanal - prata basin,
is characterized by temperatures between 15 °C and 35 °C, and the ideal
temperature for pacu farming range from 20 °C to 28 °C; below 18 °C or
19 °C, fish tends to cease feeding due to reduction in metabolic activity
(Saint-Paul, 1986). Milstein et al. (2000) observed in their study that
the low tolerance limit of pacu occurred between 7.0 °C and 7.5 °C
when high mortality was reported. On the other hand, tambaqui were
more susceptible to temperature variation. Unlike pacu, tambaqui is a
native species from the Amazon basin where temperatures are higher,

Fig. 4. A - Survival as a function of time of the genetic groups fed with 32% CP diet; B - Survival as a function of the time of the genetic groups fed with 28% CP diet
and C - Survival as a function of the time of the genetic groups fed with 24% CP diet.
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ranging from 25 °C to 34 °C.
Considering the hybrid groups, the animals from the paqui group

were less resistant to low temperature than animals from the tambacu
group with all levels of CP in the diet. From the genetic point of view,
the paqui group presented similar results to the tambaqui parental
species, and tambacu presented similar results to the pacu parental
species for adverse conditions throughout the experiment. This can be
explained by traits that the parental species transmit to their progeny,
that is, paternal and maternal effects. It was observed in the case of
paqui that the pacu females did not transmit the rusticity displayed by
purebred species, with the maternal effect being expressed to a lesser
extent or even insignificant. However, there was a paternal effect of
tolerance to low temperatures in tambacu, since these fish were more
resistant than paqui to temperature drops. Reis Neto et al. (2012) also
observed a paternal influence on body traits (carcass and visceral
yields) of tambacu and paqui, and a maternal effect on the final weight
and fillet yield of the hybrids.

Studies, such as Allaman et al. (2012), show the occurrence of a
maternal and paternal effect on the fertilization rate, hatching rate and
early growth in Curimba, Prochilodus lineatus. The success of fertiliza-
tion and hatching are due more to the factors contained in the oocyte,
such as nutrients and mitochondrial DNA that are influenced by the
age, weight and condition of the mother, rather than due to factors in
the semen (Garamszegi et al., 2007; Brown et al., 2006). Usually, ma-
ternal effect is considered in prediction models of breeding values in
breeding programs for tilapia because it actually influences production
traits (Khaw et al., 2016).

In general, tambaqui and paqui groups were more susceptible to low
temperatures; this became more evident when the fish were fed with
the diet containing a lower CP level (24%) and can be attributed to the
greater metabolic demand of these groups. Temperature can influence
the protein requirement of the fish, since under temperatures of thermal
comfort they require a greater supply of protein for maintaining phy-
siological functions, benefiting more from the food consumed (Tung
and Alfaro, 2011). Thus, low temperatures seem to affect the protein
requirement of tambaqui and paqui more than the other groups and,
therefore, the diet containing 24% CP did not provide sufficient nu-
trients to maintain the physiological condition of the fish at an adequate
level.

5. Conclusions

The group that adapted best to the exposed environmental condi-
tions was pacu, regardless of dietary protein level. However, if fish
farmers opt for the production of hybrid fish, the tambacu (tambaqui
female × pacu male) presents better tolerance to low temperatures.
The low level of protein in the diet appears to contribute to the sus-
ceptibility of the less tolerant groups to low temperatures.
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