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Abstract – Macrobrachium amazonicum is a shrimp species distributed in freshwater habitats of
Neotropical regions and is of great importance for the Amazonian economy. This study evaluated the effects
of temperature increase on the survival and growth of M. amazonicum. For this, we distributed 360
M. amazonicum juveniles in 70 L tanks, and carried out a 90-day experiment with three treatments (T0:
28 ± 0.5 °C, or room temperature; T1: 30 ± 0.2 °C; T2: 32 ± 0.2 °C), using 4 replicate tanks each with 30
individual shrimp. Culture-tanks were connected to a recirculation system with biofiltration and constant
aeration. Animals were fed twice a day using shrimp pelleted commercial food. After 90 days of trial, the
total length and body mass gain of the animals cultured at room temperature was 78% and 433%,
respectively. The specific growth rate, condition factor, weight gain, and length and survival of animals
cultured at 30 and 32 °C were lower than those cultivated at 28 °C, and feed conversion was higher.
Therefore, water temperature of 30 and 32 °C may compromise growth and survival of M. amazonicum
during cultivation, none of the extreme temperatures may be recommended in practice.
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1 Introduction

According to current predictions, global temperature
would increase 1.7–3.9 °C by 2100 in South America;
however, the warming of the Amazon region will be greater
(Junk, 2013). Climate change in the Amazon is expected to
cause changes in rainfall patterns, which in turn causes long
periods of drought and an overall reduction of water
availability for the basin. This reduction is expected to
increase water temperature in the Amazon River system and,
consequently, cause drastic changes in the lifespan of
organisms (Oberdorff et al., 2015). Climate change will affect
aquatic organisms of the Amazon that must adapt to the new
climatic regimes, migrate to thermally more suitable places or
become extinct (Junk, 2013; Oberdorff et al., 2015). Therefore,
climate change presents a great challenge to the sustainability
of aquaculture (Ahmed et al., 2014). In addition, lowlands and
floodplains, which serve as feeding grounds and nurseries for
many species (Junk, 2013), will experience a drastic reduction
ding author: marcos.tavares@embrapa.br
due to climate change, affecting the biodiversity of Amazonian
ecosystems.

In the Amazon, lowlands and floodplain areas present a
variety of habitats that enable the existence of a diverse fauna
(Isaac-Nahum, 2006; Junk, 2013). Aquatic fauna in this region
is highly influenced by seasonal variations of precipitation and
temperature levels. All these factors cause the region to
concentrate a great fishing potential, highly influenced by
seasonality (Isaac-Nahum, 2006; Maciel and Valenti, 2009;
Freire et al., 2012; Junk, 2013; Lima and Santos, 2014;
Nóbrega et al., 2014). Despite difficulties in quantifying the
aquatic biodiversity of the region, many species are already
threatened by over-exploitation of natural stocks.

Changes in environmental temperatures also greatly
influence survival, growth, reproduction and disease suscepti-
bility in freshwater shrimp species (Manush et al., 2004; Ahmed
et al., 2014;Boock et al., 2016;Crisp et al., 2017), as this directly
affects food intakeand themetabolismofanimals,causingstress.
Survival and molting of Macrobrachium borellii and Palae-
monetesargentinuswere reducedat temperaturesof15and30 °C
(Montagna, 2011). The growth of Macrobrachium rosenbergii
increases in temperatures of 24–29 °C and decreases in
temperature of 34.0 °C (Habashy and Hassan, 2011), which

mailto:marcos.tavares@embrapa.br
https://www.edpsciences.org
https://doi.org/10.1051/alr/2018010
https://www.alr-journal.org


A.M. Bastos et al.: Aquat. Living Resour. 2018, 31, 21
lead to a higher food and oxygen consumption (Niu et al.,
2003). Macrobrachium species have a wide of temperature
tolerance that vary from 13 to 43 °C (Manush et al., 2004). In
coastal regions of northeastern Brazil, adult and juvenile
M. amazonicum populations occur in freshwater ecosystems
with temperatures ranging from 26 to 31 °C (Rocha et al.,
2015).

The decapodM. amazonicum (shrimp-of-the-Amazon) has
a wide distribution that includes several river basins, such as
Orinoco, Amazonas, São Francisco, Araguaia-Tocantins,
Paraná, Paraguay, and rivers of the northeastern, eastern,
and northern coast of Brazil. In addition, this species has been
recorded in Panamá, Costa Rica and Nicaragua, extending its
distribution to Central America (Maciel and Valenti, 2009;
Rocha et al., 2015). In the Amazonian river basin, M.
amazonicum constitute a part of the diet of urban and riverine
human populations, and play important ecological roles in
aquatic ecosystems as a component of the trophic web (Maciel
and Valenti, 2009; Lima and Santos, 2014). Therefore, this
shrimp has great economic importance for artisanal fishing in
the Amazon and in many water reservoirs from northeastern
Brazil (Maciel and Valenti, 2009). This species also has a great
potential for food production and important characteristics for
animal husbandry, such as rapid growth and rusticity to
handling (Maciel and Valenti, 2009; Lima and Santos, 2014).
However, little is known about its culture, and the potential
effects of increased temperature on its growth and survival
have not been studied. Thus, the aim of this study was to
investigate the effects of increases in water temperature on the
survival and growth of M. amazonicum.

2 Materials and methods

2.1 Animals and experimental conditions

This 90-day experiment was conducted at the Larviculture
Laboratory of Embrapa Amapá (0°0050.0700S; 51°508.5800O)
in Macapá, State of Amapá, Brazil. A total of 360
M. amazonicum juveniles (length of 29.12 ± 4.13mm and
weight total of 0.22 ± 0.09 g) were used, which came from a
laboratory larviculture, from females collected in the Igarapé
da Fortaleza basin (0°1035.7500S; 51°8016.4000O), Macapá,
State of Amapá (Brazil). Post-larvae and juveniles were
kept in black tanks, following previous recommendations
(Maciel and Valenti, 2014).

The M. amazonicum juveniles underwent three treatments
with different temperatures: T0: room temperature,
28.0 ± 0.5 °C (control); T1: 30.0 ± 0.2 °C; T2: 32.0 ± 0.2 °C.
We used 4 replicates per treatment, and included 30 animals in
each replicate. These 360 shrimps were distributed in 12 tanks
with a capacity of 70 liters of fresh water, coupled to a
recirculation system with biological filtration and constant
aeration. Temperature was maintained constant (± 0.2 °C) in T1
and T2 but was left to naturally vary in the control treatment,
using thermostats (Roxin

®

model HT 1900 of 100W, China).
Temperature in the tanks with controlled values was increased
in 0.5 °C every two days starting from room temperature,
to enable thermal acclimation. The animals were fed twice
daily (8 a.m. and 5 p.m.) with a shrimp pelleted commercial
diet (35% crude protein), with a daily supply of 5% of the
biomass, divided into two equal portions (i.e., 2.5% of biomass
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in each portion). During 90 days, every 15 days all individuals
were removed from each tank for biometry, and were then
returned to their respective experimental units. Corresponding
biomass was adjusted, and 50% of the water from the culture
tanks was changed.

Water temperature, pH, dissolved oxygen and conductivity
were determined daily using a multiparameter analyzer
(Horiba

®

, model U-52G, Tokyo, Japan). Tanks were then cleaned
in order to remove food wastes and feces, recording observations
concerning molting and dead animals. Total ammonia levels
were measured every three days using a photometer ammonia
gauge (Hanna

®

model HI 96715C, Romania).

2.2 Procedures to evaluate growth parameters

The total length (mm) and body weight (g) of all shrimps
were measured after 90 days to evaluate husbandry parameters
such as gross feed conversion rate, body weight gain (%),
length gain (%), weight gain (g), daily growth (%/day),
average final weight (g), average length (mm) and survival
(%). These parameters are described as (Cavalli et al., 2004;
Ning et al., 2007):
o

(a)
f 6
Gross feed conversion rate = amount of feed (g)/total
weight gain (g);
(b)
 Weight gain (g) =final average weight � initial average
weight;
(c)
 Specific growth rate = [(average final weight � average
initial weight) * 100]/days of experiment;
(d)
 Growth rate in total length (%) = (average of the final
total length� average of the initial total length/average of
the initial total length) * 100;
(e)
 Survival rate (%) = (number of alive animals at the end of
the experiment/initial number of animals) * 100.
The mass-to-length ratio was calculated using the equation
W=aLb, whereW is the weight (g), L is the total length (mm),
and a and b are constants. These constants were estimated
by means of a linear regression of the transformed equation:
W= logaþ b x logL. The length (mm) and body weight (g)
data were also used to calculate the condition factor (Kn),
following recommendations from Le-Cren (1951).

2.3 Statistical analysis

Normality and homoscedasticity of the data were
previously tested using the Shapiro–Wilk and Bartlett tests,
respectively. The data did not follow a normal distribution;
thus the Kruskal–Wallis test, and Dunn test were used to assess
differences among medians (Zar, 2010). All analyses were
performed using R software v. 3.2.4 (R Core Team, 2015).

3 Results

Significant differences (P< 0.01) were detected in pH,
dissolved oxygen and electrical conductivity between treat-
ments (Tab. 1), caused by the increase of temperature.

Feed conversion rates of M. amazonicum individuals
under temperatures of 30 and 32 °C were higher than the
observed for individuals at room temperature (28 °C). Weight



Table 2. Performance parameters ofMacrobrachium amazonicum juveniles after 90 days of cultivation at different temperature treatments (T0:
28 ± 0.5 °C, T1: 30 ± 0.2 °C, T2: 32 ± 0.5 °C).

Temperature Performance parameters

GFC WG (g) TWG (%) SGR (%/day) GRL (%) SR (%) Kn

T0 2.7 ± 0.03a 0.99 ± 0.05a 433 ± 46a 11.0 ± 0.6a 74.7 ± 4.7a 78.7 ± 8.9a 1.00 ± 0.002a

T1 2.9 ± 0.15b 0.80 ± 0.10b 371 ± 40a 8.8 ± 1.1b 65.9 ± 5.6b 65.2 ± 9.7b 0.98 ± 0.009b

T2 2.9 ± 0.16b 0.74 ± 0.01b 348 ± 54a 8.3 ± 1.07b 64.6 ± 5.6b 36.5 ± 9.1b 0.97 ± 0.016b

Dunn test 7.42 7.73 3.57 7.73 4.50 7.96 2.56
P-value <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.05

Mean values followed by the same letters in the same column indicate no difference according to the Dunn test. GFC: Gross feed conversion rate,
WG: body weight gain, WGR: body weight gain rate, SGR: specific growth rate, GRL: growth rate in length, SR: survival rate.

Table 1. Water quality parameters in tanks of Macrobrachium amazonicum juveniles during 90-day of cultivation at different temperature
treatments.

Parameters

Treatments Temperature pH Dissolved oxygen (mgL�1) Conductivity (m Scm�1) Total ammonia (mgL�1)

T0 28 ± 0.5 7.8 ± 0.3a 7.85 ± 0.32a 155.4 ± 33.5a 0.04 ± 0.002a

T1 30 ± 0.2 7.5 ± 0.4b 7.35 ± 0.86b 145.1 ± 45.1b 0.03 ± 0.002a

T2 32 ± 0.2 7.1 ± 0.4c 6.99 ± 0.40c 115.8 ± 21.9c 0.02 ± 0.002a

Dunn test – 233.7 223.9 127.7 0.7
P-value – <0.01 <0.01 <0.01 >0.05

Values express mean ± standard deviation. Mean values followed by the same letters in the same column indicate no difference according to the
Dunn test.

Fig. 1. Variation in the survival rate of Macrobrachium amazonicum juveniles across the 90-day culture at different temperatures
(T0: 28 ± 0.5 °C, T1: 30 ± 0.2 °C, T2: 32 ± 0.5 °C). Mean values followed by the same letters between column indicate no difference according
to Dunn test (P< 0.01).
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and length gain, specific growth rate, survival rate and the
condition factor were lower in the treatments compared with
the control group (Tab. 2).

The survival rate differed (P< 0.01) between the treat-
ments across the 90-day experiment. Animals who were kept at
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30 °C and those at 32 °C presented a survival rate 10% and
110% lower, respectively, compared with those who were kept
at room temperature (28 °C) (Fig. 1).

The final total length and body weight of the animals at 30
and 32 °C was lower compared with control animals (Fig. 2).
of 6



Fig. 2. Initial and final length and body weight (mean values) of
Macrobrachium amazonicum juveniles after 90 days of cultivation
at different temperatures (T0: 28 ±0.5 °C; T1: 30±0.2 °C, T2:
32±0.5 °C). Mean values followed by the same letters (lowercase) did
indicate no difference for initial length and weight, and mean values
followed by the same letters (uppercase) indicate no difference for final
length and weight according to the Dunn test (P> 0.05).
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4 Discussion

Our results indicate that higher temperatures used for
cultivating M. amazonicum, triggered a reduction in pH,
dissolved oxygen and electric conductivity levels. Metabolic
activities of Macrobrachium spp. are controlled by tempera-
ture and oxygen consumption increases with increasing
temperature (Niu et al., 2003; Manush et al., 2004). However,
in M. amazonicum, increase of temperature did not affect
ammonia levels. Two factors contributed to this stability in
ammonia levels: the efficiency of the biofilters used and
the periodical exchange of 50% of the water from the tanks.
The ammonia nitrogen is a variable that provides a rough
estimate of the potential pollution in a culture tank. However, a
large amount of oxygen can be used by nitrifying bacteria to
oxidize ammonia into nitrate. Therefore, a fraction of
dissolved oxygen will be consumed in the decomposition
process of organic matter and nitrification (Keppeler et al.,
2012). The values of these parameters were similar to values
previously used in the cultivation of M. amazonicum
(Aya-Baquero and Velasco-Santamaría, 2013; Kimpara and
Santos 2013; Maciel and Valenti, 2014), which is a species
adapted to the high temperatures of the Amazon. Optimum
temperature for shrimps is in the range of 28–32 °C and
dissolved oxygen concentration of 5–8mgL-1. Therefore,
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considering that the values of water quality suited to grow M.
amazonicum have not yet been established (Maciel and
Valenti, 2014), values of temperature (28–29 °C), pH (7.6–
7.8), dissolved oxygen (7.5–7.9mgL�1), total ammonia
(� 0.04mgL�1) and electrical conductivity (150–155m
Scm�1) found may be recommended as standard values for
the intensive cultivation of this freshwater shrimp species.

Temperature is one of themost important factors that controls
growth rate, food intake, feed conversion and survival rate of
shrimp, and may affect disease resistance. This is one of the
important factors thatdetermine economic performance in shrimp
farming (Moraes-Riodades et al., 2006; Ahmed et al., 2014;
Boock et al., 2016), because the metabolic rate increases and
survival with optimum temperature (García-Guerrero, 2010).
Thus, for commercially cultured crustaceans, the effect of water
temperatures on larval growth rates are often incorporated into
planning tools, such as degree-hours or degree-days calculations
(Crisp et al., 2017). Rising temperature up to certain limit favors
aquaculture by reducing the time required to produce marketable
sized animal and producing more generations per year.
Nevertheless, high temperature may affect the health of aquatic
animals by increasing metabolic rates and subsequent oxygen
demand, as well as increasing proliferation, invasiveness and
virulence of bacteria and other pathogens that causes pathophysi-
ological disturbances in shrimps (Manush et al., 2004).

Increased production of food should not only consider
the intensification of production practices, but should also
ensure the sustainable use of natural resources. Thus, the focus
should be the development of technologies and management
procedures that increase the productivity of underperforming
systems, reducing the negative impacts and enhancing positive
impacts (Boock et al., 2016). In this study, the production
performance of M. amazonicum was better when the animals
were cultured at temperature of 28 °C; because temperatures
above this threshold reduced body weight gain and growth,
specific growth rate, body condition and survival rate,
increasing feed conversion rates. Similarly, for M. borellii
and P. argentinus. survival rate was reduced at temperatures of
15 and 30 °C (Montagna, 2011). The growth ofM. rosenbergii
increased at 24–29 °C, and decreased at 34 °C (Habashy and
Hassan, 2011). Therefore, these species are sensitive to small
changes of environmental temperature. Negative impact on
survival of Metapenaeus dalli at the highest temperature of
32.6 °C was reported (Crisp et al., 2017).

In aquaculture, growth is usually measured in body weight
gain, and the cultivation with optimum economic performance
is the one with lower feed conversion. In this study, feed
conversion rates of juvenile shrimps for the three temperatures
ranged from 2.7 to 2.9, being lower than those reported by
Marques et al. (2010) forM. amazonicum (4.1–4.2) also grown
in net cages. Metabolic activities of Macrobrachium species
are controlled by temperature (Manush et al., 2004),
which affects the food consumption (Niu et al., 2003). The
condition factor, a quantitative indicator of body condition in
response to food, reproductive and environmental conditions
(Le-Cren, 1951; Deekae and Abowei, 2010; Rocha et al., 2015)
was lower inM. amazonicum at temperatures 30 and 32, due to
the reduction of the body weight. As the growth efficiency was
affected by these water temperatures; probably, they contribute
for a lower food consumption. However, Madlen (2010)
showed that growth of M. rosenbergii declined in high
of 6
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temperature due to failure of enzymatic function. Therefore, as
temperature is the most important limiting factor for metabolic
functions in crustaceans, but particularly in shrimps directly
determining metabolic rate and growth (Manush et al., 2004;
Montagna, 2011; Crisp et al., 2017), it can change the energy
flow (Montagna, 2011) and maybe food assimilation, affecting
the weight and body condition.

Macrobrachium species havewideminimumandmaximum
temperature (Manush et al., 2004), in dependence of life stage.
Survival of M. amazonicum larvae is better at 28 °C than at
30 °C (Maciel and Valenti, 2009). In this study, the highest
survival rate of M. amazonicum juveniles was 78% at
temperatures around 28 °C, while the survival rate was 65%
at 30 °C and only 36% at 32 °C. The survival rates recorded
at temperatures of 28 °C and 30 °C may be considered high
for a water recirculation system, because the survival rate
estimated for cultivation in nurseries of M. amazonicum is
above 60% (Maciel and Valenti, 2009). M. amazonicum is
abundant in natural environments andmay represent about 80%
of themicrocrustaceans’ biomass in certain biotopes, such as the
Amazonian lakes (Maciel and Valenti, 2009).

5 Conclusions

Temperature increase reduces the levels of dissolved
oxygen, pH and conductivity, negatively affecting the survival,
growth and fattening of M. amazonicum juveniles. As water
temperature of 30 and 32 °C may compromise growth and
survival of M amazonicum during cultivation, none of the
extreme temperature is therefore recommended in practice.
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