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ABSTRACT
Objective: The objective of this review is to analyze the published information regarding hyper-intensive 
cultures of white shrimp (Penaeus vannamei) in photoheterotrophic systems.
Design/methodology/approach: The research focused on the collection of information in the databases 
of Elsevier, Scielo, Wiley online library, Pubmed, Springer, Scopus and Science direct. The information was 
limited to the white shrimp Penaeus vannamei.
Results: There are several types of studies in shrimp farms, highlighting those focused on experiments in 
laboratories or at a pilot level to study water quality, biological variables, yield, production and survival. The 
crops are classified as extensive which is characterized by having a low density of shrimp per unit area, the 
semi-intensive where there is a higher density than the extensive and hyper-intensive system where fertilizers, 
artificial feed and aeration are used to maintain adequate water quality conditions. It was found that water 
quality, solid waste, the type of microalgae and environmental factors affect the development, performance and 
survival of white shrimp (P. vannamei).
Study limitations/implications: white shrimp (P. vannamei) culture is widely studied; however, there is little 
information about the use of hyper-intensive photoheterotrophic cultures in this species. 
Findings/conclusions: Hyperintensive photoheterotrophic cultures have a great potential for development for 
improved shrimp production, since they are floc-based cultures and are similar to biofloc cultures; However, 
there is little research done on photoheterotrophic cultures, which can give better response results in terms of 
development, production and water quality.
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INTRODUCTION
	 White shrimp (Penaeus vannamei) is mainly produced in Ecuador, India, and Vietnam. 
Mexico ranks fourth in global shrimp production, with 238,000 tons produced in 2022, of 
which 82.7% came from the states of Sinaloa and Sonora (CONAPESCA, 2022). Shrimp 
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farming is a crucial industry due to its sustained growth, compared to other agro-industrial 
food production activities such as fishing, livestock, and agriculture (Khanjani et al., 
2024). This industry faces challenges related to environmental impact, frequent epizootics, 
and dependence on animal-derived inputs, particularly fishmeal for feed production 
(Moreno-Figueroa et al., 2021). To address these issues, the aquaculture industry seeks 
intensification, as there is growing competition for space and resources like water and 
feed with other industries like livestock and agriculture (Vázquez-Vera & Chávez-Carreño, 
2022). Additionally, there is a need to reduce production costs to increase profit margins 
and competitiveness (Lei et al., 2024).
	 New strategies have been implemented, such as intensive cultivation systems, which 
manage water consumption efficiently (Ende et al., 2024). White shrimp (P. vannamei) can 
be successfully produced in systems with limited or no water exchange (Lei et al., 2024). 
Intensive shrimp farming has shown advantages over conventional aquaculture practices, 
characterized by high yields, small dimensions, and reduced environmental impact 
(Khanjani et al., 2023; Long et al., 2023).
	 Hyper-intensive shrimp farming systems include biofloc, photoheterotrophic, and 
recirculation systems, among others. This review aims to analyze scientific information on 
photoheterotrophic systems for white shrimp (P. vannamei) cultivation.

MATERIALS AND METHODS
	 Information was gathered from databases like Elsevier, Scielo, Wiley Online Library, 
Pubmed, Springer, Scopus, and Science Direct, focusing on white shrimp (Penaeus vannamei).

RESULTS AND DISCUSSION
Shrimp farming systems
	 Most studies on shrimp farming have focused on experiments or pilot-scale research 
to investigate water quality, biological variables, yield, and survival (Nugraha et al., 2023; 
Da Silveira et al., 2020; Khanjani et al., 2023; Long et al., 2023; Li et al., 2024). The 
Food and Agriculture Organization (FAO, 2020) classifies farming systems into three 
categories: i) extensive: characterized by low shrimp density, ii) semi-intensive: higher 
density than extensive systems, with increased water exchange rates and supplemental 
feeding, and iii) hyper-intensive: utilizing fertilizers, artificial feed, and aeration to 
maintain optimal water quality.

Hyper-intensive shrimp farming methods
	 Biofloc technology system
	 Biofloc systems are relatively low-cost, sustainable, and environmentally friendly 
compared to conventional systems (Samsuri et al., 2024). This system promotes the 
formation of flocs containing bacteria, fungi, protozoa, rotifers, and microalgae by adding 
carbon sources to regulate the carbon-to-nitrogen ratio in water (Khanjani et al., 2024). 
Biofloc is rich in nutrients such as crude protein, lipids, and extracellular enzymes beneficial 
to aquatic animals (Long et al., 2023; Martinez-Porchas et al., 2020). Biofloc technology 
recycles waste into natural feed, reducing dependence on external feed in shrimp farming, 
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increasing shrimp growth, feed efficiency, water quality by controlling the C:N ratio, and 
improving biosecurity by reducing pathogen risks and water exchange requirements (Iber 
et al., 2025).

	 Recirculation system (RAS)
	 RAS utilize industrialized means to artificially control water conditions in cultivation 
tanks, creating optimal conditions for shrimp growth and survival (McMillan et al., 2003; 
Nugraha et al., 2023). RAS occupy limited land areas, produce high yields, and have high 
profitability (Du et al., 2021), are environmentally sustainable, and control most of the 
aquaculture production process (Ende et al., 2024). In RAS, P. vannamei is grown with less 
water and a lower environmental impact, operating year-round under controlled conditions, 
offering benefits such as improved nutrient recycling, waste management, disease control, 
profitable land use, affordable electricity and lower biological contamination (Halim et al., 
2025). 

	 Photo-heterotrophic system
	 The photoheterotrophic system (FH) technology utilizes a co-culture of bacteria a 
heterotrophic microorganisms that grow as flocs under controlled conditions (Khanjani 
et al., 2023). These organisms stabilize water quality by converting unconsumed food and 
waste into non-toxic compunds (Khanjani et al., 2023). These conditions promote the 
development of suspended organic matter flocs in the water, enhancing nitrogen recycling 
(produced by shrimp in single-cell protein synthesis) through nitrogen cycle oxidation-
reduction relationships and the addition of carbon-rich substrates (Khanjani & Sharifinia, 
2022). This floc is ingested through through shrimp grazing (Ayazo-Genes et al., 2019). 
Particulate organic matter and microorganisms in the microbial trophic chain serve as 
a food source in floc-bassed cultures due to interactions between water, organic matter, 
substrate and diverse microorganisms (Ayazo-Genes et al., 2019).

White shrimp (P. vannamei) culture using a photoheterotrophic system 
	 Super-intensive systems produce aquatic organisms sustainable and bio-securely (Da 
Silveira et al., 2020). A super-intesitive system can provide welfare for at least 150 shrimp 
per m2, producing over three crops annually with a yield of 4.5Kg/m3 in greenhouse 
conditions (Li et al., 2024).
	 Martinez-Porchas et al. (2020) reported that autotrophic and heterotrophic 
microorganisms create a micro-biofloc, a soft and compact aggregated material composed 
of: algae, bacillus bacteria supplied through commercial probiotics, detritus, organic 
particles, and protozoa that control water quality by converting unconsumed food into 
non-toxic compounds. 
	 Arambul-Muñoz et al. (2019) determined the optimal cultivation density of P. vannamei 
in a circular photoheterotrophic intensive system with grow-out tanks in line with minimal 
water replacement. The authors reported that water quality during the 98-day grow-out 
period was within the suitable range for P. vannamei. Additionally, they indicated that 
growth rate and survival decreased as density exceeded 300 organisms per m3. Moreno-
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Figueroa et al. (2017) determined the performance of a hypersaline photoheterotrophic 
system for intensive culture of P. vannamei shrimp with minimal water replacement in 
lined ponds and reported shrimp growth to a marketable size at fifteen weeks, suggesting 
that two shrimp harvests per year could be produced. They reported a 95% confidence in 
production of 12.1 to 14.7 tons/ha at harvest, with a mean weight of 13.1 g and a survival 
rate of 84.2%.

Water quality
	 Water quality influences biomass production in intensive photoheterotrophic cultures 
of white shrimp (P. vannamei) (Moreno-Figueroa et al., 2021). Nugraha et al. (2023) reported 
improved water quality through reduced ammonia levels using a biofilter to control 
ammonia produced as byproduct of animal protein catabolism.
	 On the other hand, Vinasyiam et al. (2024) reported that adding microbial groups 
(bacteria, archaea, algae, protists, zooplankton and fungi) and particles to biofloc improves 
water quality by decreasing ammonia concentration (NH4-N). Huang et al. (2022) 
found that adding diatom microalgae to shrimp cultures positively impacts water quality 
enhancing shrimp development, yield, survival and weight gain. Arambul-Muñoz et al. 
(2019) evaluated the water quality of an intensive photoheterotrophic white shrimp (Penaeus 
vannamei) system in circular-lined grow-out tanks with minimal water replenishment and 
different stocking densities, where the parameters were dissolved oxygen concentration (mg 
L1), temperature (°C), pH and salinity, in addition to total ammonium nitrogen (TAN) 
(mg L1), nitrite-N (mg L1), nitrate-N (mg L1) and orthophosphate-P concentrations 
(mg L1). These authors observed a significant increase in the concentrations of TAN, 
nitric nitrogen and total phosphorus in the treatments, the level of dissolved oxygen in 
all treatments was above 5 mg L1, they found a higher concentration of nitrates and 
phosphorus, which could be associated with greater nitrification and heterotrophic activity, 
inorganic nitrogen and total phosphorus were reduced because the photoheterotrophic 
system promotes the development of microbial communities.

Solid waste 
	 Feeding in intensive or super-intensive shrimp farms releases a considerable volume of 
waste that rapidly contaminates the pond water and directly affects the shrimp (Nguyen et 
al., 2024). Solid waste often occurs in the form of feces, feed scraps, and dead organisms 
that accumulate in the system, causing eutrophication, oxygen depletion, and precipitation 
(Saputra et al., 2017). McMillan et al. (2023) reported that sediments and suspenden 
particles contain organic matter that, when degraded by bacteria, consume oxygen, 
reducing its bioavailability for cultivation systems, solid residue (RS) removal must equal 
waste production (Lei et al., 2024), as accumulated residues can deteriorate water quality 
(Arambul-Muñoz et al., 2019).
	 Samsuri et al. (2024) reported that harmful effects of solid residues include gill damage, 
reduced growth rates, mortality, disease, obstruction of biological filters and ammonium 
production through mineralization. Wastewater with a stocking density of 750 to 1250 
shrimp/m2 has been reported to contain an average total suspended solids (TSS) of 798 
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to 924 mg/L, dissolved organic matter of 81,227 to 88,641 mg/L, total nitrogen (TN) of 
9.8389 to 14.4260 mg/L, and total phosphate (TP) of 7.8770 to 11.8720 mg/L (Hidayat et 
al., 2019).

Other factors that Influence the crop
	 Temperature is an abiotic factor that influences the growth and development of organisms 
such as shrimp (Moreno-Figueroa et al., 2021). Increased temperature reduces the oxygen 
content of water while simultaneously increasing the oxygen demand of organisms two- to 
threefold with a 10 °C temperature increase (Kır et al., 2023). Furthermore, variations 
in ambient salinity levels can also modify the organism’s osmotic and ionic balance, thus 
causing an increase or decrease in metabolic energy demand (Ponce-Palafox et al., 2019). 
Additionally, increased salinity results in higher concentrations of flagellated organisms, 
while decreased salinity increases the concentrations of ciliated organisms (Fraga, 2009). 
Ponce-Palafox et al. (2019) reported that controlling salinity at 25.5 g/L yields optimal 
specific growth rate, productivity, and survival of Pacific white shrimp (Penaeus vannamei). 
For his part, Carranza (2020) determined the oxygen consumption of shrimp at different 
salinities (4, 12, 22 and 32 practical salt units UPS) and temperatures (27 and 31 °C) 
and reported that organisms subjected to 32 UPS had a higher oxygen demand, while 
organisms that were at lower salinities had a lower oxygen demand and the respiration rate 
was reduced, as was the osmoregulatory process and energy consumption.
	 On the other hand, climatic conditions have been reported to negatively impact shrimp 
cultivation. Prolonged intense rainfall (Le et al., 2024) causes up to 50% mortality in 
cultivated populations within 3-4 days after intense rainfall. Additionally, food consumption 
decreases by 10% for each degree Celsius drop in water temperature, as rainfall cools 
cultivation water by 3-5 °C (Buike, 2018).
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CONCLUSIONS
	 Hyper-intensive photoheterotrophic cultivation systems hold great promise for 
development. Given their similarity to biofloc systems, due to their floc-based nature, 
they warrant further investigation, potentially yielding enhanced productivity and water 
quality.

REFERENCES 
Arambul-Muñoz, E., Ponce-Palafox, J.T., Santos, R. C. D. L., Aragón-Noriega, E.A., Rodríguez-Domínguez, 

G., & Castillo-Vargasmachuca, S. G. (2019). Influence of stocking density on production and water 
quality of a photo-heterotrophic intensive system of white shrimp (Penaeus vannamei) in circular lined 
grow-out ponds, with minimal water replacement. Latin American Journal of Aquatic Research, 47(3): 449-
455. https://doi.org/10.3856/vol47-issue3-fulltext-7

Ayazo-Genes, J., Pertúz-Buelvas, V., Jiménez-Velásquez, C., Espinosa-Araujo, J., Atencio-García, V., Prieto-
Guevara, M., Ayazo-Genes, J., Pertúz-Buelvas, V., Jiménez-Velásquez, C., Espinosa-Araujo, J., 
Atencio-García, V., & Prieto-Guevara, M. (2019). Comunidades planctónicas y bacterianas asociadas 

https://doi.org/10.3856/vol47-issue3-fulltext-7


66 AGRO PRODUCTIVIDAD 2025. https://doi.org/10.32854/g7wfhy47

al cultivo de bocachico Prochilodus magdalenae con tecnología biofloc. Revista MVZ Córdoba, 24(2): 7209-
7217. https://doi.org/10.21897/rmvz.1648

Buike, F. (2018). Efectos de la temporada de lluvias en estanques de engorde de camarones. Aquacultura. 
No.122. Ecuador.57-66.

Carranza, É. O. (2020). Evaluación de la tasa de consumo de oxígeno del Penaeus vannamei con relación a 
la salinidad, temperatura y peso corporal. Revista Ciencia y Tecnología, 13(25): 55-65. https://doi.
org/10.5377/rct.v13i25.10412

Comisión Nacional de Acuacultura y Pesca (CONAPESCA). (2024). Anuario Estadístico de Acuacultura y 
Pesca. México.

Da Silveira, L. G. P., Krummenauer, D., Poersch, L. H., Rosas, V. T., & Wasielesky, W. (2020). Hyperintensive 
stocking densities for Litopenaeus vannamei grow-out in biofloc technology culture system. Journal of the 
World Aquaculture Society, 51(6): 1290-1300. https://doi.org/10.1111/jwas.12718

Du, Y., Xu, J., Zhou, L., Chen, F., Qiu, T., & Sun, J. (2021). Retrofitting sea cucumber nursery tanks to 
recirculating aquaculture systems for highly intensive Litopenaeus vannamei aquaculture. Applied Sciences, 
11(20): 9878. https://doi.org/10.3390/app11209478 

Ende, S., Henjes, J., Spiller, M., Elshobary, M., Hanelt, D., & Abomohra, A. (2024). Recent advances in 
recirculating aquaculture systems and role of microalgae to close system loop. Bioresource Technology, 
407, 131107. https://doi.org/10.1016/j.biortech.2024.131107

Fraga, M. (2009). Influência das baixas salinidades na composição microbiana e no desempenho de juvenis 
de Litopenaeus vannameii cultivados em sistema superintensivo sem renovação de água. Mestre em 
aqüicultura, Universidade Federal do Rio Grande.

Halim, M. A., Aziz, D., Arshad, A., W.S. Wong, N.L., Nabi, M., Islam, Md. A., & Syukri, F. (2025). A systematic 
analysis of recirculating aquaculture systems (RAS) and biofloc technology (BFT) for white leg shrimp 
(Litopenaeus vannamei) in the indoor farming system. Aquacultural Engineering, 110, 102544. https://doi.
org/10.1016/j.aquaeng.2025.102544

Hidayat, S.S, Ambo, T.H., & Hilal, P. (2019). Potential, characteristics and utilization of shrimp pond solid 
waste as organic fertilizer. International Journal of Environment Agriculture and Biotechnology, 4(2), 411-421. 
http://dx.doi.org/10.22161/ijeab/4.2.24 

Huang, C., Luo, Y., Zeng, G., Zhang, P., Peng, R., Jiang, X., & Jiang, M. (2022). Effect of adding microalgae 
to whiteleg shrimp culture on water quality, shrimp development and yield. Aquaculture Reports, 22, 
100916. https://doi.org/10.1016/j.aqrep.2021.100916

Iber, B.T., Ikyo, B.C., Nor, N. M., Abdullah, R.S., Shafie, S.B., Manan, H., Abdullah, M.I., & Kasan, N.A. 
(2025). Application of biofloc technology in shrimp aquaculture: a review on current practices, 
challenges, and future perspectives. Journal of Agriculture and Food Research, 19, 101675. https://doi.
org/10.1016/j.jafr.2025.101675

Khanjani, M.H., & Sharifinia, M. (2022). Biofloc technology with addition molasses as carbon sources 
applied to Litopenaeus vannamei juvenile production under the effects of different C/N ratios. Aquaculture 
International, 30(1): 383-397. https://doi.org/10.1007/s10499-021-00803-5

Khanjani, M.H., Mozanzadeh, M.T., Gisbert, E., & Hoseinifar, S.H. (2024). Probiotics, prebiotics, and 
synbiotics in shrimp aquaculture: their effects on growth performance, immune responses, and gut 
microbiome. Aquaculture Reports, 38, 102362. https://doi.org/10.1016/j.aqrep.2024.102362

Khanjani, M.H., Mozanzadeh, M.T., Sharifinia, M., & Emerenciano, M. (2023). Biofloc: a sustainable 
dietary supplement, nutritional value and functional properties. Aquaculture, 562, 738757. https://doi.
org/10.1016/j.aquaculture.2022.738757

Kır, M., Sunar, M.C., Topuz, M., & Sarıipek, M. (2023). Thermal acclimation capacity and standard metabolism 
of the Pacific white shrimp Litopenaeus vannamei (Boone, 1931) at different temperature and salinity 
combinations. Journal of Thermal Biology, 112, 103429. https://doi.org/10.1016/j.jtherbio.2022.103429 

Lavoie, F.L., Kobelnik, M., Valentin, C.A., Da Silva-Tirelli, É.F., De Lurdes-Lopes, M., & Da Silva, J.L. 
(2022). Evaluation of exhumed HDPE geomembranes used as a liner in Brazilian shrimp farming 
ponds. Case Studies in Construction Materials, 16, e00809. https://doi.org/10.1016/j.cscm.2021.e00809

Le, N., Armstrong, C.W., Brækkan, E.H., & Eide, A. (2024). Climatic events and disease occurrence in intensive 
Litopenaeus vannamei shrimp farming in the Mekong area of Vietnam. Aquaculture, 587, 740867. https://
doi.org/10.1016/j.aquaculture.2024.740867

Lei, K., Wang, Z., Ma, S., & Shan, H. (2024). Construction of suspended bagasse bioflocs and evaluation of 
their effectiveness in shrimp (Penaeus vannamei) aquaculture systems. Aquaculture, 586, 740826. https://
doi.org/10.1016/j.aquaculture.2024.740826

Li, Z., Ju, C., Jiao, T., Liu, H., & Li, Q. (2024). Effects of biofloc on growth performance and survival of Pacific 
white shrimp (Litopenaeus vannamei) through C/N ratio manipulation, probiotic supplementation, 

https://doi.org/10.21897/rmvz.1648
https://doi.org/10.1111/jwas.12718
https://doi.org/10.3390/app11209478
https://doi.org/10.1016/j.biortech.2024.131107
https://doi.org/10.1016/j.aquaeng.2025.102544
https://doi.org/10.1016/j.aquaeng.2025.102544
http://dx.doi.org/10.22161/ijeab/4.2.24
https://doi.org/10.1016/j.aqrep.2021.100916
https://doi.org/10.1007/s10499-021-00803-5
https://doi.org/10.1016/j.aqrep.2024.102362
https://doi.org/10.1016/j.aquaculture.2022.738757
https://doi.org/10.1016/j.aquaculture.2022.738757
https://doi.org/10.1016/j.jtherbio.2022.103429
https://doi.org/10.1016/j.cscm.2021.e00809
https://doi.org/10.1016/j.aquaculture.2024.740867
https://doi.org/10.1016/j.aquaculture.2024.740867
https://doi.org/10.1016/j.aquaculture.2024.740826
https://doi.org/10.1016/j.aquaculture.2024.740826


67 AGRO PRODUCTIVIDAD 2025. https://doi.org/10.32854/g7wfhy47

and cocultivation time: A meta-analysis. Aquaculture, 587, 740837. https://doi.org/10.1016/j.
aquaculture.2024.740837

Long, L., Liu, H., & Lu, S. (2023). Effects of low salinity on growth, digestive enzyme activity, antioxidant and 
immune status, and the microbial community of Litopenaeus vannamei in biofloc technology aquaculture 
systems. Journal of Marine Science and Engineering, 11(11): 2076. https://doi.org/10.3390/jmse11112076

Martinez-Porchas, M., Ezquerra-Brauer, M., Mendoza-Cano, F., Chan Higuera, J.E., Vargas-Albores, F., & 
Martinez-Cordova, L.R. (2020). Effect of supplementing heterotrophic and photoautotrophic biofloc, 
on the production response, physiological condition and post-harvest quality of the whiteleg shrimp, 
Litopenaeus vannamei. Aquaculture Reports, 16, 100257. https://doi.org/10.1016/j.aqrep.2019.100257

Nguyen, N.T., Vo, T.S., Tran-Nguyen, P.L., Nguyen, M.N., Pham, V.H., Matsuhashi, R., Kim, K., & Vo, 
T. (2024). A comprehensive review of aeration and wastewater treatment. Aquaculture, 591, 741113. 
https://doi.org/10.1016/j.aquaculture.2024.741113

McMillan, J.D., Wheaton, F.W., Hochhemier, J.N., & Soares, J. (2003). Pumping effect on particle sizes in a 
recirculating aquaculture system. Aquacultural Engineering, 27: 53-59. https://doi.org/10.1016/S0144-
8609(02)00038-9 

Moreno-Figueroa, L.D., Naranjo, J., Hernández, A., Vargas, M., Hernández, J.A., & Villarreal-Colmenares, H. 
(2018).  Performance of a photo-heterotrophic, hypersaline system for intensive cultivation of white 
leg shrimp (Litopenaeus vannamei) with minimal water replacement in lined ponds using a stochastic 
approach. Aquaculture Research, 57-67. https://doi.org/10.1111/are.13432 

Moreno-Figueroa, L.D., Villarreal-Colmenares, H., Hernández-Llamas, A., Naranjo-Páramo, J., Vargas-
Mendieta, M., Hernández-Gurrola, J.A (2021). Análisis bioeconómico del cultivo intensivo foto-
heterotrófico de camarón blanco (Litopenaeus vannamei) en alta salinidad con reposición mínima de 
agua, para el ciclo verano-otoño. Bio Ciencias, 8:e1101. https://doi.org/10.15741/revbio.08Suppl.e1101

Nugraha, M., Dewi, N.R., Awaluddin, M., Widodo, A., Sumon, M., Jamal, M. T., & Santanumurti, M.B. 
(2023). Recirculating Aquaculture System (RAS) towards emerging whiteleg shrimp (Penaeus vannamei) 
aquaculture. International Aquatic Research, 15(1), 1-14. https://doi.org/10.22034/iar.2023.1973316.1361

Organización de las Naciones Unidas para la Alimentación y la Agricultura (FAO) (2020). Estado Mundial de 
la Pesca y la Acuicultura, Departamento de Pesca Acuicultura de la FAO: Paris, France.

Ponce-Palafox, J.T., Pavia, Á.A., Mendoza-López, D.G., Arredondo-Figueroa, J.L., Lango-Reynoso, 
F., Castañeda-Chávez, M. del R., Esparza-Leal, H., Ruiz-Luna, A., Páez-Ozuna, F., Castillo-
Vargasmachuca, S. G., & Peraza-Gómez, V. (2019). Response surface analysis of temperature-salinity 
interaction effects on water quality, growth and survival of shrimp Penaeus vannamei postlarvae 
raised in biofloc intensive nursery production. Aquaculture, 503, 312-321. https://doi.org/10.1016/j.
aquaculture.2019.01.020

Samsuri, E.R., Ganesan, P., Jauhari, I., Tan, G., & Hamad, F.A. (2024). Reusing biofloc-culture water and 
microbubble aeration for culturing the white-leg shrimp Litopenaeus vannamei. Aquaculture and Fisheries, 
2024. https://doi.org/10.1016/j.aaf.2024.04.010

Saputra, N. Sukoso, N., & Kartikaningsih, H. (2017). A solid waste pond tiger shrimp (Peneaus monodon) as 
fertilizer for Caulerpa lentillifera. Journal of Experimental Life Science, 7(1): 17-21. https://doi.org/10.21776/
ub.jels.2016.007.01.04 

Valencia-Castañeda, G., Medina-López, J.A., Frías-Espericueta, M.G., & Páez-Osuna, F. (2024). Farmed 
stage (age)-dependent accumulation and size of microplastics in Litopenaeus vannamei shrimp reared 
in a super-intensive controlled system. Science of The Total Environment, 918, 170575. https://doi.
org/10.1016/j.scitotenv.2024.170575

Vázquez-Vera, L. & Chávez-Carreño, P. (2022). Diagnóstico de la acuacultura en México. Fondo Mexicano 
para la Conservación de la Naturaleza, A.C. México.

Vinasyiam, A., Ekasari, J., Schrama, J.W., Verdegem, M., & Kokou, F. (2024). Wheat bran addition methods 
in pacific white shrimp (Litopenaeus vannamei) biofloc systems. Aquacultural Engineering, 106, 102437. 
https://doi.org/10.1016/j.aquaeng.2024.102437

https://doi.org/10.1016/j.aquaculture.2024.740837
https://doi.org/10.1016/j.aquaculture.2024.740837
https://doi.org/10.3390/jmse11112076
https://doi.org/10.1016/j.aqrep.2019.100257
https://doi.org/10.1016/S0144-8609(02)00038-9
https://doi.org/10.1016/S0144-8609(02)00038-9
https://doi.org/10.1111/are.13432
https://doi.org/10.15741/revbio.08Suppl.e1101
https://doi.org/10.22034/iar.2023.1973316.1361
https://doi.org/10.1016/j.aquaculture.2019.01.020
https://doi.org/10.1016/j.aquaculture.2019.01.020
https://doi.org/10.1016/j.aaf.2024.04.010
https://doi.org/10.21776/ub.jels.2016.007.01.04
https://doi.org/10.21776/ub.jels.2016.007.01.04
https://doi.org/10.1016/j.scitotenv.2024.170575
https://doi.org/10.1016/j.scitotenv.2024.170575
https://doi.org/10.1016/j.aquaeng.2024.102437

	_GoBack
	_Hlk202789640
	_Hlk202791236
	_GoBack
	_Hlk181092388
	_Hlk181091902
	_Hlk181092001
	_Hlk197439046
	_Hlk197438951
	_Hlk197438992
	_Hlk193836663
	_GoBack
	_Hlk198379420
	_Hlk198381583
	_Hlk198381616
	_30j0zll
	_1fob9te
	_3znysh7
	_Hlk172375230
	_Hlk172375438
	_Hlk172375497
	_Hlk172374415
	_Hlk172374546
	_Hlk172375561
	_Hlk172370331
	_Hlk193711904
	_Hlk155889793
	_Hlk174778068
	_Hlk179369254
	_Hlk179369049
	_Hlk179369759
	_Hlk179369810
	_Hlk160019577
	_Hlk160020196
	_Hlk482118626
	_Hlk188002192
	_Hlk188004527
	_Hlk188004692
	_Hlk153828939
	_Hlk171098139
	_Hlk172825922
	_Hlk187499683
	_Hlk187570845
	_Hlk187570798
	_Hlk113671781
	_Hlk104572952
	_Hlk193406582

