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Abstract
The application of biotechnology in animal reproduction
has enabled the production of young forms in both
_ , quantity and quality. Increasing the number of viable
pection Recureos Pesauelros ¢ gametes produced by reproducers, among other factors,
ngenharia de Pesca . . . .
through an ideal diet, can ensure higher production.

Recened o Therefore, the aim of this study was to determine
neconted the influence of three diets on the sperm survival of
January 28, 2020. Macrobrachium acanthurus. To this end, 24 M. acanthurus
e & 2000 males were used, distributed randomly and equally

among treatments. Their diets were composed of 100%
www.revistas.ufg.br/vet fresh food (fish and squid muscle - 14% protein), 100%

visit the website to get the X . .
how to cite in the article page. dry feed (commercial feed - 50% protein) and a mixture

of these diets containing 30% protein. Spermatophores
were extracted through electrical stimulation every 15
days, and the controls consisted of spermatophores
obtained directly from nature. No significant difference
between diets was observed comparing shrimp and
spermatophore weights. The 100% fresh diet provided
the best sperm survival performance.

Keywords: Caridae; cinnamon shrimp; nutrition; sperm

Resumo

A aplicacao de biotecnologias na reproduc¢do animal tem
possibilitado produzir formas jovens em quantidade
e qualidade. O aumento da quantidade de gametas
viaveis produzidos pelos reprodutores, mediante uma
dieta ideal, entre outros fatores, pode garantir uma
maior producdo. Assim, o objetivo deste trabalho foi
determinar o efeito de trés dietas quanto a sobrevivéncia
espermatica de Macrobrachium acanthurus. Para
tanto, 24 machos de M. acanthurus foram utilizados,
sendo distribuidos ao acaso e de forma igual entre os
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tratamentos. As dietas foram compostas por 100% de alimento
fresco (musculo de peixe e lula - 14% de proteina), 100% de
alimento seco (racdo comercial - 50% de proteina) e uma mescla
dessas dietas contendo 30% de proteina. Os espermatoforos
foram extraidos por eletroestimulacdo a cada 15 dias, sendo o
controle aqueles obtidos diretamente da natureza. Ndao houve
diferenca significativa entre as dietas quando comparado os
pesos dos camardes e dos espermatoforos. A alimentagao 100%
fresca proporcionou o melhor desempenho para a sobrevivéncia
espermatica.

Palavras-chave: Caridae; camardo canela; nutricdo; esperma

Introduction

Macrobrachium acanthurus is a freshwater shrimp native to Brazil and found throughout
the American continent and the West Indies, exhibiting high cultivation potential and
considered economically important, especially for the human populations that manually
exploit this species4.

Investments in shrimp production, management, nutrition, reproduction and, more
recently, genetic improvements, have become necessary for shrimp cultivation
development. Maintaining shrimp with low reproductive quality implies in high costs
for aquaculture farmers. Some techniques to improve reproductive quality have been
carried out for Litopenaeus vannamei and M. rosenbergii, such as gonode characteristic
assessments or the evaluation of molecules functionally related to the reproductive
process®.

According to Browdy®, Meumpol et al.?”? and Shailender et al.®, shrimp breeder diet
and quality directly interfere in gamete production, and are, thus, responsible for
adequate larvae quality and paramount for culture success. In general, nutritional
shrimp reproduction effects have been assessed mainly in females. However, males
may also contribute to the limited success of certain native species in captive breeding
activities® 13,

In males, sperm quality can be used as a tool to evaluate dietary efficiency concerning
reproduction and maturation, having been studied in L. vannamei®¥, L. setiferus®?,
Penaeus monodon'%'") Farfantepenaeus paulensis''® and P. merguiensis'®. In freshwater
shrimp, studies have been conducted by Samuel et al."V on M. malcolmsonii, and Pérez-
Rodriguez et al.?® on M. americanum.

Food management regarding shrimp maturation includes fresh food, such as squid,
polychaetes, bivalves, crabs and fish, with or without the addition of commercial
feed®2". Due to the risk of disease transmission, crustacean tissues have been removed
from captive shrimp diets, thus ensuring reproductive biosafety and not influencing
reproductive performance!'®,

According to Harrison®? and Wouters et al®®, the importance of fresh ingredients
is due to their nutritional profiles, in particular the content and amount of certain

2020, Cienc. anim. bras., v.21, e-60022



Diets for Macrobrachium acanthurus breeders: Sperm evaluation
Costa T.V. da et al.

amino acids, lipid fractions and essential fatty acids, such as arachidonic acid (ARA),
eicosapentaenoic acid (EPA) and docosahexaenoic (DHA) acid, which crustaceans find
easy to digest and are recognized as playing significant metabolic and physiological
roles in peneid reproduction®¥, Gonzalez-Bar6 and Pollero®® reported the inability of
M. borelli shrimp to synthesize ARA and EPA from other fatty acids, justifying the need
for dietary supplementation.

In this context, the present study aimed to determine the effect of three diets on M.
acanthurus sperm production.

Material and methods

A total of 24 adult M. acanthurus males were collected in January 2014 from the Sahy
River (22° 56'S, 44° 01'W) and taken alive to the Marine Biology Station belonging to the
Federal Rural University of Rio de Janeiro.

The shrimp were individualized in 42 L aquariums containing sandy substrates and
shelters under constant aeration. The animals were then measured (cephalothorax
length) with a digital caliper (0.01 mm) and body and spermatophore weights were
obtained using an analytical balance (0.1 mg accuracy). Aquaria water was renewed
every three days and temperature (23.1 £ 1.4 ° C), pH (7.0 £ 0.5) and dissolved oxygen
(7.4 £ 0.5 mg/L) were monitored daily with a multiparametric equipment (Akso Produtos
Eletronicos, model AK 88). Ammonia (0.9 £ 1.0 ppm) and nitrite (0.2 £ 0.4 ppm) were
measured every two days (Hanna Instruments Brazil, model HI 83203).

The animals were distributed into three treatments comprising eight repetitions, with
each individual constituting an experimental unit, in order to obtain weight and length
homogeneity. Each treatment consisted of a diet comprising commercial feed (dry food)
for marine shrimp breeders and two fresh food items, squid Loligo sp. and croaker
Micropogonias furnieri muscle. In treatment T1, only commercial feed was offered. In
treatment T2, squid and fish muscle were mixed at a 1:1 ratio and processed in a meat
grinder until obtaining a homogeneous mass. In treatment T3, one part of the crushed
feed and two parts of the fresh food mass were used.

After preparing the food items, a 100 g sample of each diet was taken and sent to
the UFRR] Bromatology Laboratory for dry matter (% DM), crude protein (% CP), total
lipid (% LT) and mineral content (% MM) determinations®®, displayed in Table 1. For
crude energy determinations (Kcal/Kg) 0.5 g of the previously processed sample were
analyzed using a isoperibolic calorimetric model 2000 IKA pump (0.001 ° C precision)©”,

Food was provided dailyat 10amand 5 pm, ona 10% live weight basis. The first food offer
was only performed after extraction of the first spermatophores, via electrostimulation
(6.0 volts), carried out 24 hours after animal conditioning. The first seminal materials
comprised the controls, consisting of sperm produced in the natural environment. The
remaining extractions occurred every 15 days, totaling four extractions carried out after
the captive food supply began. The shrimp were also weighed during each of the four
extractions but were measured again only at the end of the experimental period (60
days). Spermatophores were extracted from all animals, although only those from six
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shrimps were used to count sperm survival, using semen smears stained with eosin-
nigrosine, each constituting an experimental unit.

Table 1. Proximate composition on a dry matter basis of the experimental diets
supplied to the evaluated shrimps and their crude energy levels.

% Kcal/Kg
DM CcpP MM TL Energy
T1 Commercial feed 88.6 50.3 8.6 10.9 4,866
T2 Fish + Squid 16.7 14.5 1:1 1.2 5,281
T3 Commercial feed +
. y 47.8 30.3 4.3 5.5 5.140
Fish + Squid

Dry matter (DM), Crude protein (CP), Mineral Matter (MM) and Total lipids (TL).

Before each extraction procedure, the six animals that provided spermatophores for
the spermatic survival analysis were randomly selected, with the rest extracted only to
maintain the same experimental conditions. Only one spermatophore per shrimp was
used and when two were extracted, one was chosen at random. The other two shrimp
that were not extracted obligatorily provided seminal material for the subsequent
extraction, so all animals contributed to sperm survival counts.

The data were submitted to the Shapiro-Wilk test to assess data normality. To verify
significant differences, an analysis of variance (Anova On-Way) and Tukey's test were
applied at a 5% significance level.

Results

Shrimp displayed a 3.9% cephalothorax length growth in the commercial feed treatment
(24.0 £ 4.6 mm initial; 25.0 + 3.8 mm final). Animals that consumed the fish and squid
mixture exhibited a 0.9% growth rate (23.5 + 2.9 mm initial; 23.7 £ 2.7 mm final), while
shrimp from the treatment comprising a mixture of fresh food and commercial feed
displayed an 8.5% growth rate (22.1 + 2.2 mm initial; 24.0 + 2.2 mm final). However,
growth rates did not differ significantly between treatments.

Table 2 presents the effect of the food items on the assessed biometric parameters.
Regarding shrimp weight and spermatophore weight, no significant difference between
treatments during the different collections was noted, although shrimp weight fed with
the commercial feed and fresh food mixture became higher with each extraction.

Regarding sperm survival, treatment T2 exhibited the best result, with an average of
80.1%, although no significant difference compared to T1 was noted (Table 2). However,
when considering only the four captivity collections, survival increase was of 19.4% (T2)
compared to the control, while the other treatments resulted in 6.1% (T1) and 5.7% (T3)
decreases.
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Concerning sperm production, 100% of the animals produced two spermatophores
during collections. Mortality was only observed at the end of the experimental period,
at 25% (two shrimp) for each treatment.

Table 2. Effect of feeding on shrimp and spermatophore weight and sperm survival in
Macrobrachium acanthurus. (n=6)
Parameters T Cco Cc1 Cc2 C3 Cc4 Means

T1 10.6+1.9 10.6+2.2 10.6%2.2 11.4+2.3 12.0+2.5 11.042.2 @099
Shrimp weight (g) T2 10.1¥1.3 10.4#1.2 10.4%1.2 104%1.3 10.1%1.5 10.3%1.3 @09
T3 7.7+0.6 8.5+1.0 8.6+0.9 9.4+0.9 9.7+1.4 8.8+0.9 =060
T1 1.2+0.1 0.8+0.3 1.1+0.3 1.3+0.2 1.0+£0.3 1.1+0.3 =081
T2 1.4+03 1.2+0.3 1.4+0.4 1.140.2  0.810.3 1.2+0.3 @059
T3 1.1%0.2 1.4+0.2 0.9+0.3 1.1£0.2 1.0£0.2 1.1£0.2 =062
T1 80.4+5.8 67.5t6.8 685+8.1 85.1+3.0 81.0+4.7 76.5+57% ¢=0.19
Sperm survival (%) T2 69.4+3.9* 76.4+4.9* 81.0+5.0"® 94.4:33°% 79.5:6.2*° 80.1+4.7° =00V

T3 76.7+.3.9" 65.416.8" 75.7+53" 86.2+4.5" 62.1355% 73.245.2" =002

Means followed by equal letters in lines (uppercase) and columns (lowercase) do not differ significantly (p> 0.05)
from each other. T: treatments; T1: commercial feed; T2: fish + squid and T3: commercial feed + fish + squid. CO
to C4: spermatophore extractions, with CO being the control. Data are expressed as means * standard error. The
sample n for each treatment was of six spermatophores.

Spermatophore
weight (mg)

Discussion

Although M. acanthurus displays continuous reproduction according to Tamburus et
al.?®, its reproductive peaks occur between December and January in southeastern
Brazil. This is the ideal period for studies with breeders, since, according to Browdy®
and Ogle®), in natural conditions, environmental factors determine the existence of
defined reproductive seasons, stimulating or inhibiting the reproductive process of a
particular species, since gonadal maturation is under hormonal control, which is, in
turn, controlled by environmental factors.

The water temperatures in farming environments are always higher than in the
natural environment, affecting sperm survival, which, regardless of this factor, varies
significantly among shrimp from the same population®°32),

The average temperature in the present study is in accordance with the thermal
amplitude determined by Diaz et al.®®, who mentioned a wide tolerance (15 to 38 °C) for
M. acanthurus, indicating its ability to adapt to different regions®, supporting conditions
imposed by the environment without compromising sperm production, since the
animals are exposed to a minimum of thermal stress in these temperature ranges.
Therefore, the thermal variations imposed by the environment on the animals during
the experimental period did not compromise the sperm production process.

Oxygen consumption in M. acanthurus is inversely proportional to weight, and larger
animals require lower water oxygen concentrations®*3%, According to Alves et al.®®),
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oxygen concentrations should be higherthan5mg/L, asinthe presentstudy. Ammonium
and nitrite levels were also adequate (<1.5 ppm). Poor water quality, not observed
herein, has been reported as an interfering factor in reproduction processes®237),

Itisknownthatgrowth, even duringthereproductive period, is continuousin crustaceans,
although at a slower pace than in early life stages®®. However, fatty acids are also
responsible for freshwater shrimp growth®?. Papa®®, when studying M. amazonicum
males, reported that diets containing higher amounts of cholesterol inhibited body and
testicular growth, as reported for other decapod species, which could justify the results
reported for T2, in which the animals exhibited the lowest weight/size growth (0.9%),
despite the highest sperm survival (19.4%). Ribeiro et al.*" mentioned that dietary lipid
levels can be low if they provide a sufficient amount of fatty acids, the requirements
of which are distinct among crustacean species®. In this regard, Leelatanawit et al."”),
when feeding P. monodon with polychaetes, rich in fatty acids (ARA, EPA and DHA),
reported increases in shrimp weight and size, as well as in spermatophore weight, from
the third week.

Lipids are considered important sources of energy for crustaceans. However, diets
containing high levels of these compounds may not contain adequate amounts of
carbohydrates as a source of glucose, which is even more necessary in some cases,
for example, for chitin synthesis, justifying a balanced diet“?. Pérez-Rodriguez et al.*?
reported that carbohydrates present in dry food may have been essential for the
recovery of sperm production in the assessed animals, which were maintained in
captivity for a long period of time.

In addition to their importance for chitin production, carbohydrates, as well as
glycoproteins, are present in seminal fluid and are essential for the sperm maturation
process and maintenance of sperm viability“*4®. Jeyalectumie and Subramonian®4
mentioned the reduction of chitin levels in Scylla serrata spermatozoa preserved at
-4°C, indicating its consumption even at low temperatures. Thus, low concentrations
of this fluid could compromise sperm survival during fertilization or cryopreservation
processes, since this would not aid in injuries caused by the external environment, as
well as in sperm energy supplies.

Previous studies with marine shrimp have demonstrated that spermatophore weights
do not depend on the amount of contained sperm(2, but can be associated with
shrimp age, body weight and structural components!'%29, Thus, the lower weight of
spermatophores found in T2 could be related to a lack of dietary carbohydrates in the
fish and squid food items, although no significant differences were detected in relation
to the other treatments. According to Sacristan et al.*”, decapod crustaceans present
a great diversity of strategies for mobilizing their reserves, and the authors suggest
that this is not related to type of food. Pérez-Rodriguez et al.?® reported similar results
to the present study for M. americanum, justifying that males require an insignificant
amount of energy to produce sperm when compared to females and egg production.

Shailender et al.® and Memon et al."™ mentioned that the inclusion of fresh food
during the male maturation process is important to reduce the effects of natural
spermatophore degeneration, as reported for other peneids. In addition to this factor,
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according to Braga et al."®, F. paulensis fed only commercial diets exhibited greater
absence of seminal material and hyperglycemia in hemolymph. Thus, commercial
feeds are not recommended for this species, and ideal diets should be composed of a
mixture of fresh and dry food.

Due to the various studies carried out with shrimp belonging to the Macrobrachium
genus, it is known that adult animals are preferentially carnivores and detritivores
who accept all types of food with a certain animal protein content, thus able to be
fed commercial feed in captivity“®49, However, when this diet alone is offered during
the maturation period, production results are not satisfactory compared to fresh food.
Therefore, commercial feed is indicated at a maximum composition of 50% for breeding
peneids?”45031), The same has been reported by Samuel et al."" for M. malcolmsonii
males, who suggested the use of fresh food and commercial diets.

In the present study, the T3 diet containing commercial feed and fresh food (1:2) did not
lead to satisfactory results regarding sperm survival, when compared to T2. However,
Perez-Velazquez et al.®" suggested that at least 25% of the maturation diet should be
replaced with feed in order to supply vitamins and minerals®, since these nutrients
apparently prevent the ARA and EPA catabolism, as reported for M. borelli*>.

Weight loss and decreased sperm counts have been reported when L. vannamei were
fed 100% fresh food(45", corroborating the results of the present study. However,
further investigations are required to unravel the specific role of each nutrient in male
reproduction processes.

Among organic food compounds, it has been suggested that proteins are more
associated with spermatophore and sperm quality than lipids or carbohydrates, since
proteins are related to the formation of the sperm spine, essential during the sperm
fertilization process in Dendrobranchiata‘>>253),

In their studies with male L. setiferus individuals, Goimier et al.® suggested that
excess dietary protein can trigger stress, causing loss of sperm quality and decreased
management in captivity®. High protein levels increase hemocyte concentrations in
shrimp, preparing the animals for an immune defense. Thus, if the animals are stressed
byinternalammonia, animmunological reaction can be activated as aresponse, affecting
various physiological functions, including sperm production and quality, following
the same mechanism as when shrimp are submitted to extreme temperatures!’>37,
However, these factors do not seem to interfere with M. acanthurus, as also reported
by Memon et al."®), since spermatophore production was maintained throughout the
experimental period, without any significant difference in relation to the control for the
diet containing the highest protein content.

Conclusions
The combination of an inert diet with a fresh diet resulted in greater relative shrimp

growth and did not significantly alter spermatophore weight. Regarding sperm survival,
the fresh diet led to significant results in relation to a natural environment diet. However,
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the need for further studies regarding nutritional effects on freshwater shrimp sperm
production and implications for reproductive processes is noted. The present study
may also indicate the rusticity of this native species, of good sperm production, even
without a specific diet.

Acknowledgments

We are grateful to all those who contributed to the preparation of this article and to the
Research Support Foundation of the State of Amazonas - FAPEAM, which financed this
project through the approval of a doctoral scholarship (Process 2801/2011) and CAPES
for the financing of a sandwich doctoral scholarship at the Centro de Investigaciones
Biolégicas del Noroeste, SC / BCS / Mexico (Case BEX 4919/14-9).

References

1. Camacho ME, Alvarez F, Villalobos JL. Palaemonidae (camarones de rio, langostinos). In: Soriano, E.G.;
Dirzo, R. e Evogt, R.C. Natural History of the Tuxtlas. Instituto de Biologia-UNAM, Instituto de Ecologia-
UNAM, CONABIO, México; 1997. p. 411-414. English.

2. Coelho PA, Ramos-Porto M. Malacostraca - Eucarida - Caridae (Alpheoidea Excluded). In: Young, PS.
Catalogue of Crustacea of Brazil. Museu Nacional, Rio de Janeiro, Brazil. 1998. p. 325-350. Portuguese.

3. Torati L, De Grave S, Page T, Anker A. Atyidae and Palaemonidae (Crustacea: Decapoda: Caridea) of
Bocas del Toro, Panama. Check List. 2011;7(6):798-805. English.

4. Valenti WC, Mello JTC, Lobdo VL. The fecundity in Macrobrachium acanthurus (Wiegmann, 1836) of the
Ribeira de Iguape river (Crustacea, Decapoda, Palaemonidae). Revista Brasileira de Zoologia. 1989;6(1):9-
15. Portuguese.

5. Arcos-Ortega GF. Physiological and genetic analysis of reproductive performance of white shrimp
Litopenaeus vannamei. [Tese]. La Paz, Baja California Sur, México: Centro de Investigaciones Biologicas
del Noroeste; 2004. 244 p. [Acesso 2013 Out. 22] Disponivel em: http://www. oceandocs.org/bitstream/
handle/1834/3524/arcos_g.pdf?sequence=1. Espanish.

6. Browdy CL. A review of reproductive biology of Penaeus species: Perspectives on controlled shrimp
maturation systems for high quality nauplii production. In: Wyban J. Proceedings of the special session
on shrimp farming. World Aquaculture Society, Baton Rouge, Los Angeles, USA. 1992. p. 22-51.

7. Meunpol O, Meejing P, Piyatiratitivorakul S. Maturation diet based on fatty acid content for male
Penaeus monodon (Fabricius) broodstock. Aquaculture Research. 2005;36(1):1216-1225. English.

8. Shailender M, Suresh Babu CH, Krishna PV. Determine the competence of different fresh diets to
improve the spermatophore superiority of giant black tiger shrimp, Penaeus monodon (Fabricius, 1798).
International Journal of Bioassays. 2012;1(12):170-176. English.

9. Bray WA, Lawrence AL. Reproduction of Penaeus species in captivity. In: Fast AW, Lester LJ. Marine
Shrimp Culture: principles and practices. Elsevier, New York, USA. 1992. p. 93-171. English.

10. Alfaro-Montoya J, Lozano X. Development and deterioration of spermatophores in pond-reared
Penaeus vannamei. Journal of the World Aquaculture Society. 1993;24(4):522-529. English.

11.Samuel MJ, Kannupandi TY, Soundarapandian P. Nutritional effects on male reproductive performance

in the freshwater prawn Macrobrachium malcolmsonii (H. Milne Edwards). Aquaculture. 1999;172(1):327-
333. English.

2020, Cienc. anim. bras., v.21, e-60022


http://www. oceandocs.org/bitstream/handle/1834/3524/arcos_g.pdf?sequence=1
http://www. oceandocs.org/bitstream/handle/1834/3524/arcos_g.pdf?sequence=1

Diets for Macrobrachium acanthurus breeders: Sperm evaluation
Costa T.V. da et al.

12. Diaz AC, Fernandez-Gimenez AV, Haran NS, Fenucci JP. Reproductive performance of male Argentine
red shrimp Pleoticus muelleri Bate (Decapoda, Penaeoidea) in culture conditions. Journal of the World
Aquaculture Society. 2001;32(2):236-242. English.

13. Harlioglu MM, Farhadi A, Guir, S. Determination of sperm quality in decapod crustaceans. Aquaculture.
2018;490(1):185-193. English.

14.Perez-Velazquez M, Lawrence AL, Gatlin DM, Gonzalez-Félix ML, Bray WA. Replacement of fresh dietary
components by a dry feed for successful maturation of male Litopenaeus vannamei (Boone) broodstock.
Aquaculture Research. 2002;33(1):1901-1905. English.

15. Goimier Y, Pascual C, Sanchez A, Gaxiola G, Sanchez A, Rosas C. Relation between reproductive,
physiological, and immunological condition of Litopenaeus setiferus pre-adult males fed different dietary
protein levels (Crustacea, Penaeidae). Animal Reproduction Science. 2006;92(1): 193-208. English.

16. Coman GJ, Arnold SJ, Callaghan TR, Preston NP. Effect of two maturation diet combinations on
reproductive performance of domesticated Penaeus monodon. Aquaculture. 2007;263(1):75-83. English.

17. Leelatanawit R, Uawisetwathana U, Khudet J, Klanchui A, Phomklad S, Wongtripop S, Angthoung P,
Jiravanichpaisal P, Karoonuthaisiri N. Effects of polychaetes (Perinereis nuntia) on sperm performance of
the domesticated black tiger shrimp (Penaeus monodon). Aquaculture. 2014;433(1):266-275. English.

18. Braga AL, Nakayama CL, Martins JG, Colares EP, Wasielesky Jr. W. Spermatophore quality of the
pink shrimp Farfantepenaeus paulensis (Decapoda, Dendrobranchiata) broodstock fed with different
maturation diets. Aquaculture. 2010;307(1):44-48. English.

19. Memon A}, lkhwanuddin M, Talpur AD, Khan MI, Fariddudin MO, Safiah J, Abol-Munafi AB. To determine
the efficiency of different fresh diets in improving the spermatophore quality of banana shrimp Penaeus
merguiensis (De Man, 1888). Journal of Animal and Veterinary Advances. 2012;11(9):1478-1485. English.

20. Pérez-Rodriguez JC, Gbmez-Gutiérrez |, Lépez-Greco LS, Cortés-Jacinto E. Spermatophore production
and sperm quality of the river prawn Macrobrachium americanum Spence Bate, 1868 fed with different
diets. Aquaculture Research. 2019;50(1):3117-3129. English.

21. Harrison K. Broodstock nutrition and maturation diets. In: D’Abramo LR, Conklin DE, Akiyama DM.
Crustacean nutrition. Advances in World Aquaculture. The World Aquaculture Society, Baton Rouge, USA.
1997. p. 390-408. English

22.Harrison, K. The role of nutrition in maturation, reproduction and embryonic development of decapod
crustaceans. A review. Journal of Shellfish Research. 1990;9(1):1-28. English.

23. Wouters R, Lavens P, Nieto J, Sorgeloos P. Penaeid shrimp broodstock nutrition: an updated review
on research and development. Aquaculture. 2001;202(1):1-21. English.

24. Glencross BD. Exploring the nutritional demand for essential fatty acids by aquaculture species.
Reviews in Aquaculture. 2009;1(1):71-124. English.

25. Gonzalez-Baré MR, Pollero RJ. Fatty acid metabolism of Macrobrachium borelli: dietary origin
of arachidonic acid and eicosapentaenoic acid. Comparative Biochemistry and Physiology - Part A.
1998;119(3):747-752. English.

26. A.0.A.C. Official methods of analysis. 172 ed. Association of Official Analytical Chemists, Gaithersburg,
Maryland, USA. 2000. 2200p. English.

27. lka Werke. lka calorimeter system C 2000 operating instructions. USA. 2007. Portuguese.

28. Tamburus AF, Mossolin EC, Mantelatto FL. Populational and reproductive aspects of Macrobrachium
acanthurus (Wiegmann, 1836) (crustacea: palaemonidae) from north coast of Sdo Paulo state, Brazil.

2020, Cienc. anim. bras, v.21, e-60022



Diets for Macrobrachium acanthurus breeders: Sperm evaluation
Costa T.V. da et al.

Brazilian Journal of Aquatic Science and Technology. 2012;16(1):9-18. English.

29. Ogle JT. A review of the current (1992) state of our knowledge concerning reproduction in open
thelycum Penaeid shrimp with emphasis on Penaeus vannamei. Invertebrate Reproduction and
Development. 1992;22(1-3):267-274. English.

30. Bray WA, Leung-Trujlllo JR, Lawrence AL, Robertson SM. Preliminary investigation of the effects of the
temperature, bacterial inoculation, and EDTA on sperm quality in captive Penaeus setiferus. Journal of the
World Mariculture Society. 1985;16(1-4):250-257. English.

31. Pascual C, Valera E, Re-Regis C, Gaxiola G, Sanchez A, Ramos L, Soto LA, Rosas C. Effect of water
temperature on reproductive tract condition of Penaeus setiferus adult males. Journal of the World
Aquaculture Society. 1998;29(4):477-484. English.

32. Perez-Velazquez M, Bray WA, Lawrence AL, Gatlin DM, Gonzalez-Félix ML. Effect of temperature on
sperm quality of captive Litopenaeus vannamei broodstock. Aquaculture. 2001;198(1):209-218. English.

33. Diaz F, Sierra E, Re AD, Rodriguez L. Behavioral thermoregulation and critical thermal limits of
Macrobrachium acanthurus (Wiegmann). Journal of Thermal Biology. 2002;27(1):423-428. English.

34. Elmor MRD, Lobdo VL, Valenti WC. Oxygen-consumption by the shrimp Macrobrachium acanthurus
(Wiegmann, 1836) as subsidy to its transport and cultivation. Boletim do Instituto de Pesca.
1981;8(Unico):65-78. English.

35. Gasca-Leyva JFE, Martinez-Palacios CA, Ross LG. The respiratory requeriments of Macrobrachium
acanthurus (Wiegman) at different temperatures and salinities. Aquaculture. 1991;93(1):191-197. English.

36. Alves PC, Ramos-Porto M, Soares CMA. Cultivation of Macrobrachium Bate genus shrimp (Decapoda,
Palaemonidae) from Brazil. Boletim Técnico 6, EMPARN, Natal, Rio Grande do Norte, Brazil. 1981. 66p.
Portuguese.

37. Pascual C, Sanchez A, Sdnchez A, Vargas-Albores F, Lemoullac G, Rosas C. Haemolymph metabolic
variables andimmune response in Litopenaeus setiferus adult males: the effect of an extreme temperature.
Aquaculture. 2003;218(1):637-650. English.

38. Albertoni EF, Palma-Silva C, Esteves FA. Distribution and growth in adults of Macrobrachium acanthurus
Wiegmann (Decapoda, Palaemonidae) in a tropical coastal lagoon, Brazil. Revista Brasileira de Zoologia.
2002;19(Supl.2):61-70. English.

39. D'Abramo LR, Sheen SS. Polyunsaturated fatty acid nutrition in juvenile freshwater prawn
Macrobrachium rosenbergii. AQuaculture. 1993;114(1):63-86. English.

40. Papa LP. Structural aspects of the testes of different morphotypes of Macrobrachium amazonicum hand
fed diets with different levels of cholesterol. [Dissertacao]. Jaboticabal, Sdo Paulo, Brazil: Universidade
Estadual Paulista, Caunesp. 2003. 81f. [Acesso 2014 Nov. 13]. Disponivel em: http://repositorio.unesp.br/
bitstream/handle/11449/144106/000215426.pdf?sequence=1&isAllowed=y. Portuguese.

41. Ribeiro K, Franceschini-Vicentini IB, Papa LP, New MB, Valenti WC. Effect of polyunsaturated fatty
acids on the fecundity of the Amazon river praw Macrobrachium amazonicum (Heller, 1862). Aquaculture
Research. 2012;43(1):1756-1763. English.

42. Gastelu JC, Oliveira J, Brito LO, Galvez AO, Moreira MG. Effect of temperature and food protein and
lipid in stages of ovarian maturation and stages of molting Macrobrachium acanthurus (Wiegmann, 1836).
Ciéncia Animal Brasileira. 2011;12(3):443-455. Portuguese.

43. Dougherty WJ, Dougherty MM, Harris SG. Ultrastructural and histochemically observations on
eletroejaculated spermatophores of the palaemonid shrimp Macrobrachium rosenbergii. Tissue & Cell.
1986;18(5):709-724. English.

2020, Cienc. anim. bras., v.21, e-60022


http://repositorio.unesp.br/bitstream/handle/11449/144106/000215426.pdf?sequence=1&isAllowed=y
http://repositorio.unesp.br/bitstream/handle/11449/144106/000215426.pdf?sequence=1&isAllowed=y

Diets for Macrobrachium acanthurus breeders: Sperm evaluation
Costa T.V. da et al.

44, Jeyalactumie C, Subramoniam T. Cryopreservation of spermatophores and seminal plasma of the
edible crab Scylla serrata. Biological Bulletin. 1989;177(1):247-253. English.

45. PoljaroenJ, Vanichviriyakit R, Tinikul Y, Phoungpetchara |, Linthong V, Weerachatyanukul W, Sobhon P.
Spermatogenesis and distinctive mature sperm in the giant freshwater prawn, Macrobrachium rosenbergii
(de Man, 1879). Zoologischer Anzeiger. 2010;249(1):81-94. English.

46. Zara FJ, Toyama MH, Caetano FH, Lépez-Greco LS. Spermatogenesis, spermatophore, and seminal
fluid production in the adult blue crab Callinectes danae (Portunidae). Journal of Crustacean Biology.
2012;32(2):249-262. English.

47. Sacristan HJ, Rodriguez YE, Pereira NA, Lopez-Greco LS, Lovrich GA, Gimenez AVF. Energy reserves
mobilization: Strategies of three decapod species. PLoS ONE. 2017;12(9):1-19. English.

48. Albertoni EF, Palma-Silva C, Esteves FA. Natural diet of three species of shrimp in a Tropical Coastal
Lagoon. Brazilian Archives of Biology and Technology. 2003;46(3):395-403. English.

49. Garcia-Guerrero MU, Becerril-Morales F, Vega-Villasante F, Espinosa-Chaurand LD. The Macrobrachium
prawns with economic and fisheries importance in Latin America: present knowledge, ecological role,
and conservation. Latin American Journal of Aquaculture Research. 2013;41(4):651-675. English.

50. Wouters R, Zambrano B, Espin M, Calderon ], Lavens P, Sorgeloos P. Experimental broodstock
diets as partial fresh food substitutes in white shrimp Litopenaeus vannamei B. Aquaculture Nutrition.
2002;8(1):249-256. English.

51. Perez-Velazquez M, Gonzalez-Félix ML, Lawrence AL, Bray WA, Gatlin DM. Dietary effects on sperm
quality of Litopenaeus vannamei broodstock. Journal of the World Aquaculture Society. 2003;34(1):92-98.
English.

52. Sanchez A, Pascual C, Sanchez A, Vargas-Albores F, Moullac GL, Rosas C. Hemolymph metabolic
variables andimmune response in Litopenaeus setiferus adult males: the effect of acclimation. Aquaculture.
2001;198(1):13-28. English.

53. Braga AL, Nakayama CL, Poersch LH, Wasielesky Jr. W. Unistellate spermatozoa of decapods:
comparative evaluation and evolution of the morphology. Zoomorphology. 2013;132(1):261-284. English.

54. Leung-Trujillo JR, Lawrence AL. Observations on the decline in sperm quality of Penaeus setiferus
under laboratory conditions. Aquaculture. 1987;3-4(1):363-370. English.

2020, Cienc. anim. bras, v.21, e-60022



