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ORIGINAL RESEARCH

Abstract The goal of this study was to establish the most suitable levels of crude protein and energy in 
the diet for Macrobrachium pantanalense broodstock. The aim was to determine the optimal nutritional 
requirements and evaluate any potential impact of these diets on reproductive factors, including offspring 
quality and larval development. Broodstocks were fed six different feeding regimes, each with two levels of 
crude protein (CP) (30% and 40%) and three levels of crude energy (CE) (3,000, 3,600, and 4,200 kcal/kg). 
Each regime had five replicates with 6 animals per experimental unit. The resistance of larvae to starvation 
was evaluated based on the broodstock feeding regimes, and larval development was assessed until 
metamorphosis to decapodid stage, also with 5 replicates and 6 larvae per experimental unit. The results 
showed that variable protein and energy crude levels were evaluated in breeders’ diet, being found that 
30% protein level and 4,200 kcal/kg of energy promoted a higher fertility and larval production. Moreover, 
larvae resulting from breeders fed on this diet exhibited a mean survival of 8 days when starved, even 
being able to reach the third zoeal stage under this condition. When cultured to metamorphosis, larvae that 
exhibited higher survival and a higher metamorphosis synchronism were the ones obtained from breeders 
fed with a 40% protein level and 3,600 kcal/kg energy crude level (CP:CE) diet. The highest growth values 
were obtained from whose parental broodstock was fed with a 30% protein level and 4,200 kcal/kg diet.
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Introduction 

Aquaculture production has been growing annually worldwide. In 2022, a total production of 185 million 
tons was recorded, with crustacean production accounting for approximately 5.16 thousand tons (FAO 
2024). In Brazil, the exotic species Macrobrachium rosenbergii is the most commonly used freshwater 
prawn in aquaculture. However, there are native species with economic potential for the activity, such 
as Macrobrachium amazonicum (Moraes-Riodades and Valenti 2001; Moraes-Valenti and Valenti 2010), 
Macrobrachium carcinus and Macrobrachium acanthurus (Kutty and Valenti 2010; Valenti 1993) and 
Macrobrachium pantanalense (Dos Santos et al. 2013; Weiss et al. 2015). 

The Pantanal freshwater prawn M. pantanalense, previously recognized as M. amazonicum, was recent-
ly described as a new species and can be found in several freshwater ecosystems in the Pantanal of Mato 
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Grosso do Sul (Dos Santos et al. 2013; Weiss et al. 2015; Marco-Herrero et al. 2019; Nogueira et al. 2024). 
This endemic prawn shows great potential for aquaculture (Valenti et al. 2011), the aquarium trade (Karim 
et al. 2015) and has been studied in several aspects such as biological reproduction (Hayd and Anger 2013; 
Vercesi and Hayd 2015), nutrition (Freitas et al. 2016, 2021), and as a model species to perform risk assess-
ment trials (Soares et al. 2017, 2019, 2020).

In crustaceans, proteins play a crucial role in body maintenance, growth, reproduction, gonadal maturation, 
and gamete formation (Romagosa et al. 2012). However, using protein as the primary energy source increases 
the economic costs of production systems (Silvia et al. 2012). To reduce these costs, it is essential to incorpo-
rate primary energy sources into the animal diet. Crude energy is particularly important in prawn reproduction, 
serving as a fundamental resource for embryogenesis and directly impacting larval quality (Benítez-Man-
dujano and Ponce-Palafox 2014). Most studies on broodstock nutrition focus on M. rosenbergii. While the 
information from these studies can serve as a basic reference for identifying the nutritional requirements of 
M. pantanalense, experimental validation will be necessary. Cavalli et al. (1999) found that using a diet with 
45% of crude protein and 3,900 kcal/kg of energy resulted in improved fecundity and larval production in M. 
rosenbergii. Similarly, Das et al. (1996) reported better results with a diet containing 40% of crude protein and 
4,000 kcal/kg of energy. Ribeiro et al. (2012) observed that M. amazonicum broodstock exhibited enhanced 
fecundity with a diet containing 32% of crude protein and 3,660 kcal/kg of energy. These studies demonstrate 
a range of nutritional levels that can impact reproductive success in crustaceans. 

A portion of the energy obtained from the feed is allocated to female nutrition, while the remainder is 
used for fertilization, maternal growth, and ultimately converted into yolk reserves for newly hatched larvae 
(Cavalli et al. 1999, 2000). Maternal effects can influence various characteristics of larval production, with po-
tential impacts on offspring performance (Marshall and Uller 2007). The maternal investment ratio can affect 
embryo quality and larval development, which may be influenced by environmental factors. Katre and Reddy 
(1982) found that in Macrobrachium idella, 82% of the embryo is made up of protein and 11% of lipids. This 
composition aligns with the energy utilization by larvae, as lipid reduction in body composition is twice as 
high as protein reduction in the first two developmental stages of M. rosenbergii larvae (Roustaian et al. 2001). 

Well-fed animals with their nutritional requirements met can efficiently perform basic organism main-
tenance functions and allocate nutrients towards reproduction (Pezzato et al. 2003). It is crucial to consider 
the broodstock/offspring ratio and nutrition in this process. Nutrients are transferred from the digestive 
gland to vitellogenesis, and they must be provided through the diet (Wickins and Lee 2002). Current trials 
on freshwater prawn nutrition primarily focus on juvenile growth, overlooking the importance of reproduc-
tion and the impact of nutrients on quality and larval development. For instance, juveniles M. pantanalense 
exhibit significant growth when fed a diet containing 30% crude protein (Freitas et al. 2016). However, 
there is a lack of literature on nutritional studies identifying the optimal levels of protein and crude energy 
in the diet for M. pantanalense broodstock (D’Abramo 1998; D’Abramo and New 2010). This paper aims 
to contribute to filling this gap in knowledge. This study aimed to determine the optimal levels of crude 
protein and energy in the diet for Macrobrachium pantanalense broodstock. The goal was to identify the 
best nutritional requirements and assess any potential influence of these diets on reproductive aspects, such 
as offspring quality and larval development.

Materials and methods

All experimental trials were conducted at the Carcinology Laboratory on the Campus of Aquidauana, State 
University of Mato Grosso do Sul (UEMS), Brazil (20° 28’ S, 55° 48’ W). Adult M. pantanalense were col-
lected from Baiazinha Lake in Miranda, Mato Grosso do Sul, Brazil (20°16” S, 56°23” W). The crustaceans 
were transported to the laboratory, acclimated, and fed a commercial ration (Alcon Goldfish Colours Bits, 
purchased from Alcon Pet, SC, Brazil, with a crude protein content of 32% for the first 30 days.

Broodstock trial

Different energy and protein crude levels in the diet of Macrobrachium pantanalense broodstock

After an acclimatization period, 48 males and 96 females were randomly selected and stocked in 24 aquar-
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iums (25 L) with a life support system containing a biological filter (20% of the total volume), following 
the method adapted from Calado et al. (2007). Each aquarium housed 6 animals (1:2 sexual ratio). The 
experiment tested two levels of crude protein (30 and 40%) and three levels of crude energy (3,000, 3,600, 
and 4,200 kcal/kg) in the broodstock diet. 

A completely randomized design was used, consisting of six experimental diets (Table 1) formulated us-
ing the Super Crac 5.7 Master software from TD Softwares, Viçosa – Minas Gerais, Brazil. The diets were 
based on the dry matter of ingredients outlined in Rostagno et al. (2024) and the nutritional requirements 
for M. rosenbergii (D’Abramo and New 2010), M. amazonicum (Pezzato et al. 2003) and M. pantanalense 
juveniles (Freitas et al. 2016) (Table 1). The ingredients were homogenized, hydrated for pelletizing, and 
processed into granules (0.1 mm) before being dried in a forced-air kiln for 72 hours at 55°C, following the 
method by Pezzato et al. (2003). The chemical composition of the diets was analyzed in the animal nutri-
tion laboratory at the Campus of Aquidauana, State University of Mato Grosso do Sul (UEMS), Brazil, as 
described by Detmann et al. (2012).

After an initial biometric measurement of the broodstock, the feed proportion was adjusted to 10% of 
the total biomass. Starting from the second day, the total amount of feed was modified according to the 
residual amount, with feeding occurring four times a day over a period of 90 days. Ovigerous females were 
monitored daily using the eggs maturation scale (Hayd and Anger 2013; Vercesi and Hayd 2015), and the 
larvae were collected, counted and separated after hatching. Water quality parameters, including dissolved 
oxygen (8 ± 1 mg/L), temperature (28°C ± 2°C), pH (6.5 ± 0.5), and electrical conductivity (0.001 ± 0.01 
mS/cm) in the aquariums were monitored daily using a “Yellow Springs Instruments” (YSI 556) multi-pa-
rameter probe. Ammonia (NH4

+) and nitrite (NO2
-) levels were measured twice a week using Labcon Test 

colorimetric kits, with both parameters maintained around 0.00.

Evaluation parameters

At the end of the 90-day experiment, the test was completed, and all data collected during this period were 

Table 1 Percentage and chemical composition of the experimental diets, containing different crude protein and crude energy levels in 
the feeding regime of Macrobrachium pantanalense broodstock.

1 Soybean protein concentrate; 2 Monocalcium phosphate; 3 Premix vitamin and mineral - composition (per kg of product / Migfish 1%): Folic Acid: 
299.88 mg, Ascorbic acid: 15,000.12 mg, Pantothenic acid: 3,000.10 mg, biotin: 0.06 mg, Niacin (B3): 9,000.32 mg, choline (B4): 103,500.00 mg, Vit. 
A: 1,000,000.00 UI, Vit. B1: 1,500.38 mg, Vit. B2: 1,500.0 mg, Vit. B6: 1,500.38 mg, Vit. D3: 240,000.00 UI, Vit. E: 10,000.00 mg, Vit. K3: 400.00 
mg, Inositol: 9,999.92 mg, Iron: 6,416.80 mg, Manganese: 8,000.40 mg, Copper: 1,000.00 mg, Zinc: 13,999.50 mg, Iodine: 45.36 mg, Cobalt: 60.06 
mg, Selenium: 60.30 mg, Magnesium: 5.10 mg, Chlorine: 2.30 %, Sulphur: 0.01 %; 4 Butyl Hydroxytoluene (BHT).

Table 1 Percentage and chemical composition of the experimental diets, containing different crude protein and crude energy levels in the feeding regime of Macrobrachium 

pantanalense broodstock. 

Ingredient 
Feed regime 

30 CP 
3,000 CE 

30 CP 
3,600 CE 

30 CP 
4,200 CE 

40 CP 
3,000 CE 

40 CP 
3,600 CE 

40 CP 
4,200 CE 

Fish Meal (54) (%) 0.3500 0.3500 0.3500 0.3500 0.3500 0.3500 
Conc. Prot. Soy (60)1 (%) 0.1600 0.1600 0.1600 0.3200 0.3200 0.3200 
Corn meal (%) 0.0605 0.0785 0.0785 0.0605 0.0605 0.0785 
Rice husk (%) 0.0500 0.0500 0.0500 0.0500 0.0500 0.0500 
Soy Oil (%) 0.0020 0.0240 0.0560 0.0000 0.0125 0.0460 
Fish Oil (%) 0.0020 0.0240 0.0560 0.0000 0.0125 0.0460 
Inert (%) 0.1595 0.0745 0.0000 0.1850 0.0800 0.0050 
Starch (%) 0.1765 0.2000 0.2105 0.0000 0.0800 0.0700 
Limestone (%) 0.0210 0.0210 0.0210 0.0225 0.0225 0.0225 
Mono. phosphate.2 (%) 0.0065 0.0060 0.0060 0.0000 0.0000 0.0000 
Premix3 (%) 0.0100 0.0100 0.0100 0.0100 0.0100 0.0100 
BHT4 (%) 0.0020 0.0020 0.0020 0.0020 0.0020 0.0020 
Total (kg) 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 
Nutrient       
Crude protein (%) 29.97 30.12 30.13 39.96 40.01 40.14 
Crude energy (kcal/kg) 3,069.10 3,609.20 4,203.10 3,088.60 3,604.30 4,218.50 
Ether extract (%) 3.33 7.73 14.03 2.97 5.45 12.11 
Crude Fibre (%) 2.57 2.57 2.57 2.99 2.99 3.02 
Calcium (%) 3.02 3.02 3.02 3.01 3.01 3.01 
Phosphorus (%) 1.50 1.50 1.50 1.72 1.72 1.72 

 

1 Soybean protein concentrate; 2 Monocalcium phosphate; 3 Premix vitamin and mineral - composition (per kg of product / Migfish 1%): Folic Acid: 299.88 mg, Ascorbic acid: 
15,000.12 mg, Pantothenic acid: 3,000.10 mg, biotin: 0.06 mg, Niacin (B3): 9,000.32 mg, choline (B4): 103,500.00 mg, Vit. A: 1,000,000.00 UI, Vit. B1: 1,500.38 mg, Vit. B2: 
1,500.0 mg, Vit. B6: 1,500.38 mg, Vit. D3: 240,000.00 UI, Vit. E: 10,000.00 mg, Vit. K3: 400.00 mg, Inositol: 9,999.92 mg, Iron: 6,416.80 mg, Manganese: 8,000.40 mg, Copper: 
1,000.00 mg, Zinc: 13,999.50 mg, Iodine: 45.36 mg, Cobalt: 60.06 mg, Selenium: 60.30 mg, Magnesium: 5.10 mg, Chlorine: 2.30 %, Sulphur: 0.01 %; 4 Butyl Hydroxytoluene 
(BHT). 
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used to determine the following reproductive parameters: larval production, estimated by the quantity of 
newly hatched larvae in a fecundation per female; fertility, estimated as the number of newly hatched lar-
vae per female weight (larvae/female weight); reproductive effort (RE), the percentage of effort devoted to 
reproduction per spawning event (newly hatched larvae weight / female weight x 100); and the weight (mg) 
of the newly hatched larvae (zoea I). The results were expressed as mean values with standard deviations, 
as well as the maximum and minimum values recorded (Table 2).

Larvae trial

Larvae starvation resistance from broodstock fed with diets containing different crude protein and energy 
levels

Twenty newly hatched larvae were used from each of the 6 feeding regimes, with 2 females per treatment. 
The experiment was conducted in polyethylene 6-well microplates with a minimum of 4 replicates per 
treatment. Each replicate consisted of 5 larvae in the starvation regime, placed in one well of the microplate 
with 10 ml of water. Water changes were performed daily, and the larvae were maintained in a chamber 
with controlled temperature (28°C), salinity (4), and a photoperiod of 12 hours light and 12 hours dark 

Table 2 Mean value, standard deviation, maximum and minimum values of larval production, fertility, reproductive effort (RE), newly hatched larval weight (ZI) in 

Macrobrachium pantanalense broodstock fed with diets containing different crude protein and crude energy levels. 

Evaluated parameters 
30 CP 
3,000 CE 

30 CP 
3,600 CE 

30 CP 
4,200 CE 

40 CP 
3,000 CE 

40 CP 
3,600 CE 

40 CP 
4,200 CE 

Larvae production (max.) 81 127 162 73 133 71 
Larvae production (X ± SD) 55 ± 7b 63 ± 7b 104 ± 6a 39 ± 7b 78 ± 7ab 42 ± 9b 
Larvae production (min.) 13 29 40 16 50 26 
Fertility (max.) 167 169 308 194 229 136 
Fertility (X ± SD) 104 ± 11b 121 ± 13b 176 ± 11a 93 ± 13b 135 ± 11ab 87 ± 15b 
Fertility (min.) 44 79 69 36 87 60 
RE (%) (max.) 88.74 99.78 95.56 100.59 71.43 79.13 
RE (%) (X ± SD) 52.59 ± 5.52 62.49 ± 6.15 59.54 ± 6.88 57.67 ± 5.40 69.39 ± 5.87 69.40 ± 5.40 
RE (%) (min.) 46.77 32.55 23.95 36.06 30.02 43.38 
Weight ZI (mg) (max.) 4.30 3.60 3.40 3.40 3.50 3.50 
Weight ZI (mg) (X ± SD) 2.66 ± 0.18 3.04 ± 0.20 2.95 ± 0.23 3.02 ± 0.18 2.99 ± 0.19 2.76 ± 0.17 
Weight ZI (mg) (min.) 2.60 2.40 1.60 2.40 2.40 2.70 

 

Mean values fellow by different letters in line presented statistical differences (Tukey P < 0.05). (Acronyms: max – maximum value; min – minimum value; X – Mean value; 
SD – Standard deviation; ZI – Zoea I)  

 

Fig. 1 – Survival in days of Macrobrachium pantanalense larvae in the starvation regime. Larvae from broodstock fed diets containing different 

crude protein and crude energy levels. (Z – stage of larvae development)

Table 2 Mean value, standard deviation, maximum and minimum values of larval production, fertility, reproductive effort (RE), 
newly hatched larval weight (ZI) in Macrobrachium pantanalense broodstock fed with diets containing different crude protein and 
crude energy levels.

Mean values fellow by different letters in line presented statistical differences (Tukey P < 0.05). (Acronyms: max – maximum value; min – minimum 
value; X – Mean value; SD – Standard deviation; ZI – Zoea I)

Fig. 1  Survival in days of Macrobrachium pantanalense larvae in the starvation regime. Larvae from broodstock fed diets contain-
ing different crude protein and crude energy levels. (Z – stage of larvae development)
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(TE-401 model, Tecnal, Brazil) (Freitas et al. 2021). Brackish water was prepared by dissolving marine salt 
(Nutratec) in distilled water.

Evaluation parameters

The larval development was assessed by identifying the developmental stages after each molting stage 
(Marco-Herrero et al. 2019) using a digital magnifying glass (Opticam HD 3.7) until death. The results 
were expressed as the percentage of larvae at each developmental stage per day (Figure 1).

Larval development of Macrobrachium pantanalense from broodstock developed under different feeding 
regimes

Thirty newly hatched larvae from each feeding regime, obtained from a pool of 2 females per treatment, 
were individually cultured in 100 ml glass containers until metamorphosis. The larvae were maintained at 
a salinity of 4, a temperature of approximately 28°C, and a photoperiod of 12:12h (light:dark). They were 
fed daily with newly hatched Artemia nauplii (8 nauplii/ml) following the method adapted from Maciel et 
al. (2012). After metamorphosis, the weight and length of the decapodid were measured. Total length (TL) 
was measured from the tip of the rostrum to the tip of the telson, and carapace length (CL) was measured 
from the distal tip of the rostrum to the posterior extremity of the cephalothorax using a digital magnifying 
glass (Opticam HD 3.7). A linear regression equation was derived from these measurements: TL = 3.4215 
CL + 2.0269, R2 = 0.99. For weight determination, the larvae were freeze-dried (Enterprise I – Terroni) for 
24 hours and weighed using an analytical balance (Ohaus Adventure).

Evaluation parameters

The larval development was assessed by identifying the developmental stages after each molting stage, 
allowing for the evaluation of development, survival, and percentage of decapodid in each treatment. This 
percentage was calculated as the ratio of larval amount to the developmental stage on the observed day. 
The synchronization of metamorphosis to decapodid in days post-hatch was also evaluated. The number of 
larvae that completed metamorphosis from the first decapodid to the last in days was recorded. These values 
were then transformed and presented as a percentage to analyse the metamorphosis trend. Results for larval 
growth, including total length and weight, are presented as mean values with standard deviations, as well 
as the maximum and minimum recorded values (Table 3).

Statistical analysis

The reproductive aspects, including larval production, fertility, reproductive effort, and zoea weight, as well 
as larval growth in terms of total length and weight, were analyzed using a two-way ANOVA to examine the 
effects of protein and energy levels on these variables (Rohlf and Sokal 1995). After verifying the assumptions 
of normality and homogeneity of variance through the Kolmogorov-Smirnov and Levene tests, respectively, 
statistical analysis was conducted. When significance was observed at P < 0.05, Tukey’s multiple comparison 
tests were employed to compare the means. The analysis was carried out using SigmaPlot 13.0 software.

Table 3 Mean value, standard deviation, maximum and minimum values of total length (TL) and weight of Macrobrachium pantanalense larvae from broodstock fed diets 

containing different crude protein and crude energy levels. 

Evaluated parameters 
30 CP 
3,000 CE 

30 CP 
3,600 CE 

30 CP 
4,200 CE 

40 CP 
3,000 CE 

40 CP 
3,600 CE 

40 CP 
4,200 CE 

TL (mm) (max.) 8.80 7.12 7.26 7.77 7.53 7.22 
TL (mm) (X ± SD) 6.87 ± 0.09 6.66 ± 0.11 6.86 ± 0.11 6.58 ± 0.10 6.76 ± 0.10 6.65 ± 0.11 
TL (mm) (min.) 6.03 6.23 5.64 5.55 6.16 5.92 
Weight (mg) (max.) 4.52 4.30 4.00 4.00 4.40 4.30 
Weight (mg) (X ± SD) 2.71 ± 0.15 2.86 ± 0.17 3.07 ± 0.17 2.97 ± 0.15 2.76 ± 0.15 2.60 ± 0.17 
Weight (mg) (min.) 1.25 1.90 1.90 1.70 1.80 1.40 

 

Acronyms: Max – maximum value; min – minimum value; X – Mean value; SD – Standard deviation (P > 0.05). 

Table 3 Mean value, standard deviation, maximum and minimum values of total length (TL) and weight of Macrobrachium pan-
tanalense larvae from broodstock fed diets containing different crude protein and crude energy levels.

Acronyms: Max – maximum value; min – minimum value; X – Mean value; SD – Standard deviation (P > 0.05
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Results

Different crude protein and energy levels in the diet of broodstock

There was an interaction between the crude protein and crude energy levels for larval production and fertili-
ty (P < 0.05) while there was no interaction for reproductive effort and zoea I weight (P > 0.05). Larval pro-
duction was higher in the diet 30 CP/4,200 CE, with 104 ± 6 larvae, being statistically equal to feed regime 
40 CP/ 3,600 CE, with 78 ± 7 larvae (P > 0.05) however, the feed regime 30 CP/ 4,200 CE was statistically 
different of the others feed regimes (P > 0.05) (Table 2). The fertility of the feed regime 30 CP/ 4,200 CE, 
with 176 ± 11, were higher than others diets (P < 0.05) being similar only to feed regime 40 CP/ 3,600 CE, 
with 135 ± 11 (P > 0.05). The highest production and fertility values of larvae were recorded in the feed 
regime 30 CP / 4,200 CE (P < 0.05). The reproductive effort was lower in the followed feed regimes: 30 
CP/3,000 CE (52.59 ± 5.52%); 40 CP /3,000 CE (57.67 ± 5.40%); and 30 CP/4,200 CE (59.54 ± 6.88%), 
respectively, there were no significant differences (P > 0.05) observed. The feed regime of 30 CP/ 3,600 
CE presented the highest weight larvae (3.04 ± 0.20 mg), and the feed regime 30 CP/ 3,000 CE showed the 
lowest weight larvae (2.66 ± 0.18 mg). However, the feed regimes were not statistically different (P > 0.05).

Larvae starvation resistance from broodstock fed with different diets

In the larvae development under starvation, all the feeding regime diets achieved the third stage of larvae 
development. During larval development under starvation, all feeding regimes enabled larvae to reach the 
third stage. Most larvae survived for 7 days in all treatments, except for the 40 CP/4,200 CE diet, where 
some survived up to 8 days, at the end of the experiment. There were no significant differences in molting 
period among the feed regimes (P > 0.05). The 40 CP/4,200 CE diet had the highest survival rates towards 
the end of the trial (Figure 1). 

Larval development from broodstock developed under different feeding regimes

There was no significant interaction between the protein and energy factors on the total length and weight 
of the decapodid (P > 0.05). The highest total length was observed in the 30 CP/3,000 CE feeding regime, 
measuring 6.87 ± 0.09 mm, while the lowest total length was seen in the 40 CP/3,000 CE regime at 6.58 ± 
0.10 mm (P > 0.05) (Table 3). The highest weight was recorded in the 30 CP/4,200 CE regime, with 3.07 ± 

 

Fig. 2 - Survival and larval development in days of Macrobrachium pantanalense larvae from broodstock 

fed diets containing different crude protein and crude energy levels. (PL – post-larvae stage) 

  

Fig. 2  Survival and larval development in days of Macrobrachium pantanalense larvae from broodstock fed diets containing differ-
ent crude protein and crude energy levels. (PL – post-larvae stage)
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0.17 mg, while the lowest weight was in the 40 CP/4,200 CE regime at 2.60 ± 0.17 mg (P > 0.05). Larval 
development did not differ significantly between the feeding regimes (P > 0.05), but survival rates were 
above 80% at the end of 30 days in the 30 CP/3,000 CE, 40 CP/3,000 CE, and 40 CP/3,600 CE feeding 
regimes (Figure 2). 

All diets resulted in larval survival rates above 60%, with the highest percentage of decapodid observed 
in the 40 CP/3,600 CE diet. Some diet treatments showed early settlement as early as 21 days post-hatch, 
but by 28 days post-hatch, over 50% of larvae in all feeding regimes had settled and were undergoing meta-
morphosis. Only the 40 CP/3,600 CE regime had 100% of surviving larvae metamorphose by the end of 30 
days. The majority of settlements occurred between 25 and 27 days post-hatch (Figure 3).

Discussion 

Different crude protein and energy levels in the diet of broodstock

There is a lack of detailed studies on M. pantanalense broodstock, their nutritional requirements at different 
life stages, and feeding habits (Portz and Furuya 2012; Freitas et al. 2021;Ballester et al. 2023). Therefore, 
feed formulations for this species are based on estimates from studies on M. rosenbergii or M. amazonicum. 
Increasing energy in the diet through lipid sources like oils can save energy from protein and optimize 
protein utilization for growth (Benítez-Mandujano and Ponce-Palafox 2014; Méndez-Martínez et al. 2018), 
benefiting embryogenesis. The high larval production and fertility of M. pantanalense broodstock may be 
linked to feed ingredients, particularly animal and vegetable oils. Soy and fish oils are crucial for providing 
energy for embryogenesis and essential fatty acids (Garcia et al. 2012). Freshwater species, like M. pan-

  

Fig. 3 – Metamorphosis synchronization of Macrobrachium pantanalense larvae to decapodid in days post-

hatch from the first metamorphosis. Larvae from broodstock-fed diets containing different crude protein 

and crude energy levels. 
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Fig. 3  Metamorphosis synchronization of Macrobrachium pantanalense larvae to decapodid in days post-hatch from the first meta-
morphosis. Larvae from broodstock-fed diets containing different crude protein and crude energy levels.
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tanalense, have a high requirement for linoleic acid (LA) n-6, which can be supplied by soy oil or fish oil 
from species like tilapia (Oreochromis niloticus) (Silvia et al. 2012). Studies have shown that higher LA 
levels in the diet of M. amazonicum broodstock lead to increased egg production and fertility, similar to 
findings in M. rosenbergii (Das et al. 1996; Ribeiro et al. 2012). Caridean prawns can convert saturated fatty 
acids in the diet into monounsaturated forms, storing them in the digestive gland and transporting them to 
reproductive glands and oocytes (Cavalli et al. 2000; Ribeiro et al. 2012). 

The study observed reproductive effort averages ranging from 52% to 70%, which were higher than the 
results reported by Cavalli et al. (1999) for M. rosenbergii broodstock, which showed a reproductive effort be-
tween 11% and 13%. The weights of newly hatched larvae were similar to those observed for M. amazonicum 
and M. rosenbergii larvae in the initial stage of larval development (Cavalli et al. 1999; Anger & Hayd 2010). 
The similarity in newly hatched larval weight across all feeding regimes may be attributed to species-specific 
factors. It is important to note that protein is not a limiting factor that directly affects reproduction and larval 
quality. Crustaceans primarily utilize energy for embryogenesis, and a diet with lower crude protein content 
(30%) can be more effective in minimizing the economic costs associated with protein acquisition and use 
(El-Sayed and Kawanna 2008; Hu et al. 2008). Furthermore, there is potential to optimize practical diets for 
both laboratory experiments and commercial aquaculture by considering the higher value of crude protein in 
diet formulations (Cortes-Jacinto et al. 2003; Silvia et al. 2012; Mantoan et al. 2021). 

The knowledge of the actual crude protein levels in the broodstock diet is limited for prawns of the 
Macrobrachium genus, ranging from 30% to 45% for species such as M. amazonicum, M. rosenbergii, 
and M. carcinus (Das et al. 1996; Cavalli et al. 1999; Cavalli et al. 2000; Ribeiro et al. 2012; Bení-
tez-Mandujano and Ponce-Palafox 2014). During the reproductive stage, protein intake by freshwater 
prawns from their diet is crucial for somatic growth and potentially for reproductive investment as an 
energy source. It is essential to determine and adjust the energy and protein levels, as well as other 
nutrients, to meet the specific requirements of different species within this genus, for both males and 
females, as they play a vital role in the quality of the offspring produced (Romagosa et al. 2012; Rodrí-
guez-González et al. 2014; Craig et al. 2017). The weight of newly hatched larvae may not be directly 
linked to maternal nutrition, but it could be a species-specific trait to produce offspring of similar size. 
It is possible that females can allocate additional energy and protein from their diet to their offspring, 
although there is a lack of previous studies showing a correlation between protein levels in the diet and 
increased fertility or larvae quality (Racotta 2003). 

Larvae starvation resistance from broodstock fed with different diets

The larvae of M. amazonicum and M. pantanalense (previously recognized as M. amazonicum) exhibit 
obligatory lecithotrophy in the first stage (zoea I) relying solely on their yolk reserve without consuming 
external sources. In the second stage (zoea II), they display facultative lecithotrophy, being able to consume 
external food sources and metabolize their yolk reserves for nourishment (Anger and Hayd 2009, 2010). 
M. amazonicum shows greater resistance to starvation, surviving up to 15 days, while M. pantanalense has 
lower resistance, surviving only up to 9 days (Anger and Hayd 2010). The interaction of factors such as 
crude protein and energy was found to be independent and not decisive in larval development. This com-
plexity suggests that these factors may have more significant impact on reproductive parameters rather than 
on larval quality and development.

Protein plays a crucial role in the development of larvae, as it is the main component of the organism, 
representing nearly 60% of the body composition of M. rosenbergii larvae. Protein levels increase as larvae 
develop (Roustaian et al. 2001; Mantoan et al. 2021). Unfed M. rosenbergii larvae experience a decrease in 
lipid levels, likely due to lipid breakdown, which helps conserve body protein in zoea II. The composition 
of M. rosenbergii larvae includes high levels of glutamic acid and phenylalanine + cystine (Roustaian et al. 
2000). This information is valuable for formulating diets for broodstock, as amino acid supplementation 
can directly impact offspring quality and larval development. Larval development is characterized by an in-
crease in protein levels and a decrease in lipid levels. Lipids make up approximately 34% of larval content, 
but this percentage decreases significantly as yolk reserves are consumed, particularly in the early devel-
opment stages (zoea I and II) (Roustaian et al. 2001; Kamarudin and Roustaian, 2002). The breakdown of 
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lipids allows the energy from maternal sources to be converted into metabolic energy for tissue synthesis, 
development, and larval growth (Anger and Hayd 2009; Augusto et al. 2020). 

Larval development from broodstock developed under different feeding regimes

The larvae showed superior growth performance in the feed regime with 30 CP/ 4,200 CE digestible en-
ergy, possibly due to increased energy in the broodstock diet, leading to higher yolk reserves in the eggs. 
Katre and Reddy (1982) observed changes in the chemical composition of Macrobrachium lamarrei 
eggs, with an increase in fat content and a decrease in protein. This selective suppression of lipids allows 
for their catabolism during the early larval stages in scenarios of obligatory and facultative primary lec-
ithotrophy. Larvae of Lysmata seticaudata that settle earlier but are smaller in size may develop better in 
subsequent life stages than larvae that delay settlement and are larger (Carvalho and Calado 2018). The 
feed regime 30 CP/ 4,200 CE digestible energy feed regime showed similar results in settlement syn-
chronization with a delay of approximately 2 days, indicating its suitability for commercial applications 
(Martinez-Cordova et al. 2003; Silvia et al. 2012). Postlarvae larger than smaller postlarvae intraspecifi-
cally tend to cannibalize each other and prevent smaller postlarvae from accessing food. Size differences 
in postlarvae can lead to intraspecific competition, resulting in heterogeneous growth and smaller, poorer 
postlarvae. Standardized larval culture protocols are necessary to reduce group heterogeneity, improve 
post-settlement growth performance, and ensure high synchrony at metamorphosis to reduce intraspecif-
ic cannibalism (Romano and Zeng 2017).

Conclusions

This study confirmed that Pantanal freshwater prawn, Macrobrachium pantanalense broodstock should be 
fed a diet containing 30% crude protein and 4,200 kcal/kg of crude energy. This protein requirement for 
reproduction is lower than what is commonly used for prawns of this genus. Additionally, a higher level of 
crude energy was found to be crucial for embryogenesis, fertility, and larval quality, and can be provided 
through the diet. Further research is needed to better understand the nutritional needs of Pantanal freshwa-
ter prawn M. pantanalense and to identify appropriate ingredients to enhance the quality of yolk reserves 
in newly hatched larvae and promote optimal larval development. These findings highlight the potential 
benefits of low protein requirements in the diet and efficient assimilation of high crude energy in animal 
production.
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