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ABSTRACT

Objective: The objective of this article is to evaluate the research effort developed by Mexican scientists in
relation to the study of native and exotic crustacean species, based on articles hosted in Scopus.
Design/methodology/approach: Species were selected based on documentary research and personal
communication with researchers related to the subject. All scientific articles published between 1993 and 2023
related to culture, which included the species name in the title, abstract and keywords, were selected from the
Scopus® database. The number of publications, publication timelines, topics addressed, institutions, sponsors
and type of access were obtained.

Results: The search yielded a total of 1,240 articles published by Mexican institutions, penaeid shrimps
representing 85% of the total, and P. vannamei represents almost 75%. In general, UNAM and CIBNOR lead
scientific production followed by the IPN and the CIAD. The most common topic areas include nutrition,
aquaculture, morphophysiology and genetics. The main source of financing is CONAHCYT and 46% of the
publications are available in open access.

Limitations on study/implications: The study is restricted to the Scopus database, recognized for including
the largest number of journals worldwide, although the omission of other data-bases could cause bias in the
results. However, we consider that this limitation will not significantly affect the identified trends.
Findings/conclusions: Research has predominantly focused on the marine shrimp P. vannamei, reflecting
significant technological development in its culture, while other species such as C. guadricarinatus and the
genus Macrobrachium have received limited attention. It is crucial to encourage research and technological
development in native and alternative species, secure funding and institutional support, promote equitable
access policies, and improve regulation for sustainable practices.

Keywords: Aquaculture, Macrobrachium, marine species,
Penaeus vannamei, social impact.

INTRODUCTION

Mexico 1s a megadiverse
country in terms of crustacean
diversity. Alvarez et al. (2014),
report a total of 1,775 species
classified in 537 genera and 115
crustaceans

families of decapod
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which represents 11.9% of the total number of species in the world and 57.5% of
the families. Of this total, only a few species have been studied as feasible for culture.
According to Chong-Carrillo et al. (2023), research directed to these purposes by the
Centros Publicos de Investigaciéon (Public Research Centers; CIP) of the Consejo Nacional
de Humanidades, Ciencias y Tecnologias (National Council of Science, Humanities and
Technology; CONAHCY'T) has focused, for the most part, on marine species with high
added value, while freshwater species have been poorly attended to. In relation to cultured
crustaceans, although Mexico has an enormous diversity, only a few species have been
studied with the purpose of developing culture technologies. Penaeid shrimps have received
the most scientific and technological attention, followed by far by river shrimps of the
genus Macrobrachium (Chong-Carrillo et al., 2023). Research on cultivable crustaceans in
Mexico has been less than on fish and mollusks because native crustacean species that can
be taken to aquaculture have been little studied. However, the commercial value of shrimp
production in culture is enormous and this has led to practically only one species being of
priority interest. According to the Secretarfa de Agricultura y Desarrollo Rural (SADER),
192,600 tons of farmed marine shrimp were produced in 2023, with an economic value of
more than 19.8 billion pesos.

Research on native crustacean species in Mexico with aquaculture potential has been
relevant and large governmental funds have been allocated for this purpose. However, most
of these funds have been directed to one native species, the Pacific white shrimp, Penacus
vannamei (Chong-Carrillo et al. 2023) with a high economic value, especially in international
markets. The study also mentions the Australian lobster, Cherax quadricarinatus, which is a
proven exotic species with a great invasive capacity (Rodriguez-Cruz et al., 2023), which
has not been an impediment to public funding for its research for aquaculture purposes.

The objective of this article is to evaluate the research effort developed by Mexican
scientists in relation to the study of native and exotic crustacean species, based on articles
published in international and regional journals hosted in Scopus. This is done to identify
the strengths, weaknesses and areas of opportunity in the study of these aquatic organisms,
whose ecological, social and economic importance is relevant for the country.

The above considering the hypothesis that the scientific research on crustacean
aquaculture in Mexico is predominantly focused on the shrimp P. vannamei, leading to
significant technological development in its cultivation, while native and alternative species
have been underexplored, limiting the potential for aquaculture diversification in the

country.

MATERIALS AND METODS

Crustacean species were selected based on documentary research and personal
communication with researchers related to the subject. All scientific articles or reviews,
published between 1993 and 2023 related to culture, which included the species name
(Penaceus, Litopenaeus, Farfantepenaeus, Macrobrachium, Cherax and Procambarus) in the
title, abstract and keywords, were collected from the Scopus® database (Elsevier, The
Netherlands). The choice of Scopus over other databases can be justified for several key

reasons, making it particularly suitable for bibliometric studies in scientific research. It
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is the largest abstract and citation database of peer-reviewed literature, covering over
24,000 titles; 1s updated more frequently compared to other databases, ensuring that the
bibliometric analysis reflects the most up-to-date information available; it tends to include
more literature from developing countries and regional journals, which is critical for this
study focused on the scientific output of Mexican institutions.

The database obtained was subjected to a filtering process that focused on studies
carried out by Mexican institutions. Subsequently, those articles that did not comply with
the parameters established for the genus and species of the crustacean under study were
eliminated. The complete records were transferred to Excel® (Microsoft, USA) data sheets
for subsequent analysis. The filtered database was organized to obtain, by species and in
general, the number of publications, publication timelines, topics addressed, institutions,

sponsors and type of access (open or paid). The results were graphed using Excel®.

RESULTS ANS DISCUSSION
The SCOPUS search yielded a total of 1,240 articles published by Mexican institutions
on native and exotic crustaceans that are being studied in Mexico for culture purposes.

The study focused on 11 species, which are mentioned individually below.

Cherax quadricarinatus (Australian red claw crayfish)

Commonly known as Australian freshwater lobster or red claw crayfish (Cherax
quadricarinatus, von Martens 1868), it is a decapod crustacean of the family Parastacidae,
native to Australia and Papua New Guinea. It inhabits freshwater bodies such as rivers,
streams and lakes (Ghanawi et al., 2012). It prefers warm, well-oxygenated waters and
refugia such as rocks, logs and aquatic vegetation. It is one of the most cultivated freshwater
species worldwide (Ghanawi et al., 2012) so it can be found in the Americas, including
Mexico (Bortolini ez al., 2007). It is in high demand in the international market for its flavor
and nutritional value, which has led to a significant increase in aquaculture production
in recent decades and also as an ornamental species in aquariums (Jones et al., 1994;
FAO, 2022). In Mexico, it is cultured in intensive and semi-intensive systems. The states of
Baja California, Veracruz and Tamaulipas stand out as the main producers of this species
(IMIPAS, 2018 ). Research, in Mexico, directed to this crustacean has focused on aspects of
aquaculture and nutrition, mainly. The Centro de Investigaciones Bioldgicas del Noroeste
(Northwest Biological Research Center; CIBNOR) is the CPI of CONAHCY'T that has
dedicated more studies to this exotic species (Figure 1) and CONAHCYT has granted most

of the resources for its financing.

Macrobrachium acanthurus (Cinnamon river shrimp)

The cinnamon river shrimp (Macrobrachium acanthurus) is a freshwater prawn endemic
to the Americas that is distributed in rivers, lagoons and estuarine areas along the Atlantic
coast, from North Carolina in the United States to southern Brazil (Torati ez al., 2011). It has
a high economic value due to its flavor, high protein content and visual attractiveness (Kent,
1995; Garcia-Guerrero et al., 2013). In Mexico, M. acanthurus is consumed regionally and

represents a source of income for fishers in the states of Veracruz and Tabasco (Herndndez-
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Abad et al., 2018). Due to its demand in the regional market, fishing volumes of this species
have been reduced, and in some parts of Mexico have evidenced the disappearance of
natural populations such as in the rivers of the Papaloapan and Coatzacoalcos Basins
(Garcia-Guerrero et al., 2013). More studies aimed at the development of its culture are
required, as there are still gaps in knowledge that prevent the successful achievement of
its complete culture technology (Garcia-Guerrero et al., 2013; Villafuerte Mojica et al.,
2016). Research, in Mexico, directed to this crustacean has focused mainly on aquaculture
and nutrition aspects. The Universidad Nacional Auténoma de México (UNAM) is the
university that has dedicated the most studies to this native species and also has provided
most of the resources for its financing.

Cherax quadricarinatus Macrobrachium
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Figure 1. Mexican institutions that conducted studies of crustaceans with culture technology developed,
under development or with culture potential in Mexico according to Scopus. The graphs show the 15
institutions with the most studies for each genus. Nomenclature of institutions in alphabetical order:
BUAP=Benemérita Universidad Auténoma de Puebla, CIAD=Centro de Investigacién en Alimentacién y
Desarrollo, CIBNOR=Centro de Investigaciones Biolégicas Del Noroeste, CICESE=Centro de Investigacién
Cientifica y de Educacién Superior de Ensenada, CICIMAR=Centro Interdisciplinario de Ciencias Marinas,
CIQ=Centro de Investigaciones Quimicas, CONAHCYT=Consejo Nacional de Humanidades, Ciencias
y Tecnologias, INAPESCA=Instituto Nacional de Pesca y Acuacultura, INER=Instituto Nacional de
Enfermedades Respiratorias, IPN=Instituto Politécnico Nacional, ITSON=Instituto Tecnolégico de Sonora,
ITVER=Instituto Tecnolégico de Veracruz, TECNM ="Tecnoldgico Nacional de México, UABC =Universidad
Auténoma de Baja California, UABJO =Universidad Auténoma Benito Judrez de Oaxaca, UAEM =Universidad
Auténoma del Estado de México, UAG=Universidad Auténoma de Guadalajara, UAM=Universidad
Auténoma Metropolitana, UAN=Universidad Auténoma de Nayarit, UANL=Universidad Auténoma
de Nuevo Ledén, UAQ=Universidad Auténoma de Querétaro, UAS=Universidad Auténoma de Sinaloa,
UAT=Universidad Auténoma de Tamaulipas, UDEC=Universidad de Colima, UDG=Universidad de
Guadalajara, UJAT=Universidad Judrez Auténoma de Tabasco, Universidad Nacional Auténoma de México,
UNISON=Universidad de Sonora.
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Macrobrachium americanum (Cauque river prawn)

Macrobrachium americanum, colloquially known as cauque, has good potential for culture
because it reaches a large size and currently has a well-established local market in Mexico
as an edible product (Garcifa-Guerrero and Apun-Molina, 2008). This river shrimp is
distributed along the Pacific slope of the Americas from Baja California in Mexico to
Peru, as well as in the Cocos and Galapagos Islands (Holthius, 1980). Pressure from
local fisheries has severely depleted natural populations, but there is a lack of studies that
can provide a better scenario of the current status of their populations. The Instituto
Politécnico Nacional (IPN) is the institution most mentioned in published studies on the
species, followed by CIBNOR. Funding sources have come mainly from CONAHCYT
and the IPN.

Macrobrachium carcinus (Bigclaw river shrimp)

The bigclaw shrimp is one of the largest river shrimp in the world, measuring up to 300
mm 1in length. It is distributed from Florida in the United States to southern Brazil (Lima
et al., 2014). This species is an important local source of protein for human consumption in
the Atlantic Ocean slope in Latin America (Benitez-Mandujano and Ponce-Palafox, 2014),
in addition to having high commercial value (Valenti, 2007). Although adult specimens of
M. carcinus live and breed in freshwater, larval development occurs strictly in brackish water
(Benitez-Mandujano and Ponce-Palafox, 2014). However, due to intensive overexploitation
by artisanal fisheries, pollution and destruction of natural environments, it is listed as a
vulnerable species in several countries (Coelho-Filho et al., 2018). Domestication attempts
have been made to keep it in culture, with partial success, generating management
handbooks as results (Garcia-Guerrero et al., 2013). The Universidad Juarez Auténoma de

Tabasco (UJAT) is the institution that demonstrates the greatest production in publications
and the financing has been provided by CONAHCYT and UNAM.

Macrobrachium tenellum (Longarm river prawn)

The longarm river prawn inhabits fresh and brackish waters, and can be found in
estuaries, rivers, and coastal lagoons throughout its range from the Baja California
Peninsula to the Chira River in northern Peru and Galapagos Island (Holthuis, 1952).
Macrobrachium tenellum is an amphidromous species with great commercial value and is the
subject of artisanal fisheries by rural communities in Mexico for direct consumption and
for sale. It plays an important role in food chains, contributing to the flow of energy and
nutrients in limnetic environments (Garcia-Guerrero et al., 2013). It has been considered
a good candidate for aquaculture, mainly because of its tolerance to environmental factors
and its low aggressiveness compared to its congeners M. americanum and M. carcinus (Lopez-
Uriarte et al., 2020; De los Santos-Romero et al., 2021). Cultures of this species have been
developed at experimental and pilot levels in rustic, semi-rustic ponds, circular pools,
earthen ponds and in pond cage systems (Ponce-Palafox et al., 2006; Vega-Villasante et al.,
2011; Ponce-Palafox et al., 2013; Lépez-Uriostegui et al., 2014) with yields ranging from
560 to 2013 kg h! (Vargas-Ceballos et al., 2021). However, the scarcity of studies on the

larval stages of this species has not allowed it to be cultivated for commercial purposes
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(Vargas-Ceballos et al., 2020). The Universidad de Guadalajara (UDG) appears as the
most productive institution in articles, followed by IPN and CIBNOR. Most of the funding
for the study of this species has been provided by CONAHCY'T.

Macrobrachium rosenbergii (Giant River Prawn)

The Malayan prawn is native to the tropical Indo-Pacific region, but its distribution
has spread significantly through introduction and culture in different parts of the world
(New and Valenti, 2009). The natural habitat of M. rosenbergii is characterized by warm,
tropical rivers and streams. In its natural distribution, it is found in areas with moderate
currents and depths ranging from 0.5 to 5 meters. The species can adapt to different
water conditions, including temperatures between 20 and 30 °C and pH between 6.5 and
8.5 (New, 2002). Modern cultivation of this species originated in the 1960s in Malaysia,
where it was found that larvae required brackish conditions to survive (FAO, 2009). The
institution with the highest number of publications is UNAM and funding has been
granted by CONAHCY'T.

Penaeus californiensis (Yellowleg shrimp)

The yellowleg shrimp P. californiensis (Holmes 1900, subgenus Farfantepenaeus) is a
native species of the Gulf of California in Mexico, with populations from San Francisco
Bay, California, USA, to the coast of Paita in Peru (Pefia-Rodriguez et al., 2017); with
marine habits, but with larval development in estuaries (Villareal et al., 2003). It is able
to reproduce in different salinity gradients and develop at winter temperatures (around
20 °C), with high fishery value and aquaculture potential (Martinez-Cérdoba et al., 1998).
It has been fished since 1930 in Mexico and its catch represents around 40% of the total
shrimp fishery in the Mexican Pacific, with a catch similar to P. stylirostris and higher than
P, vannamei (Barbosa-Saldafia et al., 2012).

Aquaculture of P. californiensis has been under development in Mexico since the end of
the last century, although it has been overshadowed by the adaptability and technological
development of P. vannamei (Villareal et al., 2003). Its monoculture has been carried out in
ponds with aeration (Martinez-Cérdova et al., 1998), although since 2011 its culture efforts
in the Pacific have been focused more on co-culture with the alga Ulva clathrata (Pefia-
Rodriguez et al., 2017), the same alga that has been reported to have a positive effect on the
growth of penaeid shrimp (Portillo-Clark et al., 2013). CIBNOR is the CPI with the highest
production of scientific articles, while funding has been obtained from CONAHCY'T, for
the most part.

Penaeus setiferus (Northern white shrimp)

The northern white shrimp P. setiferus (Linnaeus 1767), is a crustacean native to the
northern Atlantic distributed mainly from the coasts of New Jersey in the USA to Campeche
in Mexico, caught mainly in the Gulf of Mexico and the coasts of North Carolina and
Florida (Valenzuela-Jiménez et al., 2020). It is a euryhaline organism, with marine life,
but develops to adulthood in estuarine waters (Baker et al., 2014). In the last century, the
fishing potential of the species was extensively studied (Gracia et al., 1999), while at the
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same time, its nutrition was developed by the National Autonomous University of Mexico
(UNAM) (Guzman et al., 2001; Gallardo et al., 2002; Arena et al., 2007).

Research on its overfishing, reproduction, nutrition and behavior developed interest
in its cultivation in the 1990s, and due to its high commercial value (Valenzuela-Jiménez
et al., 2020). However, there are still no intensive productions of the species. (Valenzuela-
Jiménez et al., 2020). UNAM has developed the greatest research efforts regarding its
culture. It is also UNAM that has provided funding for studies on this species, followed by
CONAHCYT.

Penaeus stylirostris (blue shrimp)

The blue shrimp P stylirostris (Stimpson 1874) is a crustacean native to Mexico,
distributed from the upper Gulf of California in the USA to the coasts of Peru, with
the greatest presence (and importance) in the Gulf of California, being caught mainly
in the states of Sonora, Sinaloa, Baja California and Nayarit in Mexico (Ramirez-Rojo
and Aragon-Noriega, 2006). Together with P. californienses, it is the native shrimp with
the largest catch in Mexican fisheries, representing together with P. vannamei 90% of
the total catch in the Pacific (Barbosa-Saldafa et al., 2012); in addition to having a high
commercial value and being more in demand because it is larger than other penaeids in
capture zones (Leyva-Vazquez et al., 2021). It has a life cycle similar to other penaeids,
with larval stages that develop in estuarine systems throughout the Mexican Pacific
(Aragén-Noriega et al., 2016).

Its culture has been developed since 1975 in the Gulf of California, and the main
research efforts have been carried out by CIBNOR, addressing since 1985 topics such
as: nutrition, physiology, genetics, environmental impact, health and management
(Pérez-Enriquez et al., 2016). Its technology is highly developed thanks to research on its
reproduction in captivity (Alfaro-Montoya, 2010), and the genetics of captive populations
(Aubert & Lightner, 2000). The Universidad de Sonora (UNISON) and CIBNOR are
the institutions most represented in the articles published. Most of the funding has been
provided by CONAHCY'T.

Penaeus vannamei (Whiteleg shrimp)

The white shrimp (Penacus vannamei) is a marine crustacean that is widely distributed
in warm and subtropical waters of the Pacific. Native to the eastern coast of the Pacific
Ocean from Sonora, Mexico to Peru and introduced to the coasts of the Gulf of Mexico by
aquaculture activity (IMIPAS, 2018). It is distributed in coastal areas and estuaries, where
it feeds on small invertebrates and plants. It is a popular edible species and is cultured on
a large scale in many countries, including Ecuador, Mexico and other Latin American
countries (FAO, 2009). It is grown in all systems: extensive, semi-intensive, intensive and
hyper-intensive. Its biotechnology is fully developed and standardized (IMIPAS, 2018).
The topics addressed by the articles identified in Scopus, show a balance in the different
lines of research with a preponderance of genetics, immunology and nutrition, followed
by cultivation, biochemical aspects and morphophysiology. This indicates a research

process that aimed to fill the gaps in knowledge in order to achieve the integral biological
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management of the species and, with this, improve the capacity for efficient culture.
CIBNOR is emerging as the most relevant institution in the study of this crustacean and
CONAHCYTT as the sponsoring organization that has granted the most funding.

Procambarus llamasi (Yucatecan crayfish)

It is a species distributed in the Yucatan Peninsula and Tabasco. It inhabits rivers,
lakes, seasonally flooded areas, jaglieyes, coastal marshes, streams, water holes, canals
in agricultural fields (Rodriguez-Serna,1999; Grajeda-Zabaleta et al., 2024). This species
is part of the biocultural heritage of communities in its area of distribution and has
aquaculture potential. It has been studied in various aspects such as feeding in captivity
(Rodriguez-Serna et al., 2010), in recirculation systems and also biofloc (Grajeda-Zabaleta
et al., 2024). This species has received attention from the IPN and UNAM, as they are the
institutions that appear most often in published articles. CONAHCY'T has provided most
of the funding for its study.

General scenario

Table 1 lists the crustacean species that have been identified as those that have been
studied for culture and have generated scientific publications. Only two species are exotic
species (C. quadricarinatus and M. rosenbergii), while most are native or endemic to Mexico.

The number of publications that were selected was 1,240 in total. Of these, penacid
shrimps account for 1057 publications, representing 85% of the total, and the species
P. vannamei alone represents almost 75%. Macrobrachium shrimps are the second most
productive genus with 107 articles (8.6% of the total), distributed among five species, with
M. tenellum being the most studied with 43. However, individually, C. quadricarinatus is
the species with the second highest number of publications, 68 (5.4%), even though it is
considered an exotic and invasive species. Of the crayfish of the genus Procambarus, only P.
llamasi (an endemic species) recorded publications related to culture, but only marginally
(eight articles).

Table 1. Crustacean species with culture technology developed, under development or with culture potential in Mexico. The scientific name,
common name, status (exotic/native) and number of publications found in Scopus are shown.

Cientific name Common name (Spanish) Common name (English) Status Number of publications
Cherax quadricarinatus Langosta australiana Australian red claw crayfish Exotic 68
Macrobrachium acanthurus Langostino prieto Cinnamon river shrimp Native 10
Macrobrachium americanum Langostino cauque Cauque river prawn Native 31
Macrobrachium carcinus Acamaya Bigclaw river shrimp Native 7
Macrobrachium rosenbergii Langostino Malayo Giant river prawn Exotic 16
Macrobrachium tenellum Langostino chacal Longarm river prawn Native 43
Penacus californiensis Camaré6n amarillo Yellowleg shrimp Native 45
Penacus setiferus Camarén blanco del Golfo Northern white shrimp Native 38
Penacus stylirostris Camardén azul Blue shrimp Native 53
Penaceus vannamei Camardén blanco del Pacifico | Whiteleg shrimp Native 921
Procambarus llamasi Acocil yucateco Yucatecan crayfish Native 8
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The above results should not come as a surprise, since the development of research
on crustacean culture in Mexico has been directed, almost entirely, to marine shrimp.
Chong-Carrillo e al. (2023) analyze the number of projects directed to scientific research
on aquatic culture and their financing in the CPI of CONAHCY'T, based on information
provided by the CPI themselves. The CIBNOR is the one that has directed more projects
(44) to research on crustaceans, with a clear dedication to marine shrimp and P. vannamei,
although projects have also been carried out with shrimp of the genus Macrobrachium,
specifically M. americanum (but in very low numbers). The funding that CIBNOR has
received for the development of these projects (from CONAHCYT) was 53,484 million
pesos in approximately 25 years. With fewer scientific projects on crustacean culture (mainly
P vannamei), Centro de Investigacién en Alimentaciéon y Desarrollo (Research Center
in Food and Development; CIAD) was detected with eleven projects, also financed by
CONAHCYT, with 15.705 million pesos. Finally, the Centro de Investigacion Cientifica y
de Educacién Superior de Ensenada (Ensenada Scientific Research and Higher Education
Center; CICESE) reported six projects, with funding of 2.090 million pesos. This clearly
demonstrates that CONAHCYT’s CPIs have directed their greatest research effort in
crustacean culture toward one species. The possibility of increasing the production of
Pacific white shrimp, which is a high value-added species with high demand in international
markets, has been, almost without a doubt, the origin of the scientific policies that have
directed research toward this species. Marginally, research has been carried out with other
native species that would require more studies to complete the biotechnology that would
make them competitive.

The only species that has shown an almost constant upward trend since 1996 is Penaeus
vannamei, which on average has produced 30 articles per year in three decades (Figure
2Q). The rest of the penaeid species have remained with a low number of publications in
the same period. Cherax quadricarinatus records publications since 2002, with a maximum
of ten in 2003 to subsequently show few, if any, annually (Figure 2A). Of the prawns of
the genus Macrobrachium, two species stand out from the end of the first decade of the 21*
century, M. americanum and M. tenellum, and it is evident that interest in the study of both
has restarted after a long unproductive period, which has continued to date, although
with decreases (Figure 2B). Two peaks of article production, very similar, are observed
in 2012 and 2018 with these two species. The exotic species, M. rosenbergii, has also
been of scientific interest with some publications in the period studied, but with totally
unproductive years. The same is observed for the other native species of Macrobrachium,
which have barely maintained a discrete production of articles over the course of three
decades. In the case of P. [lamasi there was a period of only ten years in which it was of
scientific interest, related to its culture (Figure 2D). From 2010, the year in which the
largest number of articles was produced (3), to date, there is no record of publications.

Analysis of the timelines also suggests that there is some decline in the number of
articles published from the time the COVID-19 pandemic occurred in late 2019 and
early 2020. Although, for some species there is an increase and decrease in publications
over the years, the decrease from 2020 onwards is notable especially in the publication of

the genera Penacus and Macrobrachium, which suffered declines after notable increases in
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Mexico according to Scopus. A) Cherax quadricarinatus, B) Species of the Macrobrachium genus, C) Species of the Penaeus genus, D) Procambarus

llamasi.

previous years and the recovery has been slow. This phenomenon is not the product of a
light interpretation but has been studied by other authors. Gao et al. (2021) mention that
the pandemic had important, long-term effects on the creation of new projects and on
the performance of scientists, especially women and men with young children. Riccaboni
and Verginer (2022) study the number of publications generated in the first years of the
pandemic and mention that there was a general decrease, except for those related to health
issues and the pandemic itself. Jamali et al. (2023), comment that the closure of laboratories
and the impossibility of carrying out field work had a severe impact on the development
of young scientists in training and on their productivity, an important sector in population
science since it 1s the main workforce of research groups. The consequences of the COVID
pandemic on scientific productivity in Mexico should be further studied and is part of our
future studies in aquaculture research.

The 20 institutions that have conducted the most research on crustacean culture are
presented in Table 2, considering the total number of articles generated by each one and
the respective percentage per institution. CIBNOR leads the percentage of publications,
together with UNAM (20% both). The participation of CIBNOR is remarkable in studies
directed to aquatic cultures in Mexico. This has already been mentioned in previous reports
(Chong-Carrillo et al., 2023; Nieves-Rodriguez et al., 2024; Chong-Carrillo et al., 2024).
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The participation of the other two CPIs with a vocation in aquaculture research (CIAD
and CICESE) is also relevant in this case. However, the contribution of public universities
is also preponderant.

UNAM, IPN, UNISON and Universidad Auténoma de Sinaloa (UAS), among others,
show that these institutions have consolidated research groups in crustacean culture. As
part of a study on crustacean research for farming purposes, it was found that the lines of
research directed to Penaeus vannamei are diversified. The results show that the greatest
effort for this species is directed to aquaculture and nutrition, representing 18% of the
publications for each of these topics. However, areas such as biochemistry, genetics
and morphophysiology also stand out. For the blue lobster (Cherax quadricarinatus), a
similar situation occurs, where the dominant topics belong to aquaculture (30%) and

Table 2. Institutions most mentioned in articles on crustacean published by Mexican institutions and hosted
in SCOPUS (as a percentage of total articles).

Institutions % of published articles
CIBNOR 20
UNAM 20
IPN 15
CIAD 11.2
UNISON 6.2
UAS 3.8
CICESE 3
UAN 2.8
UANL 2.7
UAM 2.5
CICIMAR 2
UABC 2
INAPESCA 1.9
UAT 1.5
UDG 1.4
ITSON 1.2
UABCS 0.7
UAEM 0.4
ECOSUR 0.4
BUAP 0.2

Nomenclature of institutions in alphabetical order: BUAP=Benemérita Universidad Auténoma
de Puebla, CIAD=Centro de Investigacién en Alimentacién y Desarrollo, CIBNOR=Centro de
Investigaciones Bioldgicas Del Noroeste, CICESE =Centro de Investigacién Cientifica y de Educacién
Superior de Ensenada, CICIMAR=Centro Interdisciplinario de Ciencias Marinas, ECOSUR=EI
Colegio de la Frontera Sur, INAPESCA=Instituto Nacional de Pesca y Acuacultura, IPN=Instituto
Politécnico Nacional, ITSON=Instituto Tecnoldgico de Sonora, UABC =Universidad Auténoma de Baja
California, UABCS=Universidad Auténoma de Baja California Sur, UAEM = Universidad Auténoma
del Estado de Morelos, UAM=Universidad Auténoma Metropolitana, UAN=Universidad Auténoma
de Nayarit, UANL=Universidad Auténoma de Nuevo Ledén, UAS=Universidad Auténoma de Sinaloa,
UAT = Universidad Auténoma de Tamaulipas, UDG =Universidad de Guadalajara, UNAM = Universidad
Nacional Auténoma de México, UNISON = Universidad de Sonora.



AGRO PRODUCTIVIDAD 2024. https://doi.org/10.32854/agrop.v17i9.2946 194

nutrition (19%), while other areas such as morphophysiology and parasitology appear
in a lower percentage. For species of the genus Macrobrachium, interest in technological
development is also demonstrated, since aquaculture is among the main research topics
(Figure 3). The aquaculture interest in research on crustacean species with culture
potential is evident, since the studies directed at these species are mainly focused on
that direction. This situation differs from research in Mexico oriented to native fish
species, where although there is an interest in laying the foundations for aquaculture
technological development, a large proportion of research indirectly affects aquaculture
topics, with high percentages of studies focused on Ecology or Parasitology (Nieves-
Rodriguez et al., 2024).

Figure 4 shows the publications by species considering the access to them, either open
access or paid access. Of the total number of articles published, 46% were open access
through the paid access system of the respective journals, while only 54% were restricted
with paid access. These percentages are similar to those reported in the analysis of fish
studies carried out by Nieves-Rodriguez et al. (2024), which also shows that Mexican
researchers use the paid access method in high-impact journals so that their research can
be placed with greater visibility and “greater prestige”.

According to the president of the aquaculture group of the Consejo Nacional de
Fabricantes de Alimentos Balanceados y de la Nutricién Animal (CONAFAB) Jaime
Almazan, aquaculture generates social benefits, such as: greater food security (access
to fish and seafood at affordable prices), job creation (economic growth in aquaculture
zones reduces the expulsion of labor to urban areas), among others (El Economista,
2024). Undoubtedly, the beneficial effects of aquaculture in terms of economic growth
derived from job creation are indisputable. According to the Comité de Sanidad Acuicola
del Estado Sonora, A.C. (COSAES), in Sonora alone, marine shrimp aquaculture is
considered to generate 50,000 direct and indirect jobs, in 140 farms with 26,000 hectares
of culture (personal communication with Miguel Angel Castro Cosfo). This confirms
the job-generating vocation of the cultivation of this crustacean and, consequently, its
economic benefits for a certain sector of the population. However, its participation in
achieving food security is not so clear, at least in terms of products obtained through
crustacean aquaculture. The Programa Nacional de Pesca y Acuicultura (PNPA) 2020-
2024 (SADER, 2019), mentions that “the aquaculture sector will be promoted, with the
purpose of contributing to food security, by virtue of the fact that, through this activity, a
greater production of food of high nutritional value can be obtained”. The above shows
the spirit in which development policies in the fisheries and aquaculture sector should be
carried out in the established period. However, in the same PNPA it is mentioned that
there is low productivity in these sectors, which leads to low-income levels. The causes
of this are identified as follows: 1) Low contribution of fisheries and aquaculture to food
security, 2) Low levels of income and poverty in fishing and aquaculture communities,
3) Inadequate management of fishery and aquaculture resources, 4) Weak legal and
institutional framework for fisheries and aquaculture. These causes, which are directly
related to aquaculture, include “insufficient supply of fishery and aquaculture products

at accessible and quality prices in rural communities,” “deficient quality, adequate and
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pertinent technical-scientific information,” and “limited growth and diversification of
aquaculture.

The social impact of the research carried out to develop the cultivation of the crustacean
species included in this study 1s low. Most of the species studied and for which the complete
technology is already available are of high added value. However, these crustaceans could
be a valuable source of protein for human consumption, especially for sectors of the
population with limited access to other sources of animal protein. The three species that
are currently being cultured in Mexico (P. vannamei, C. quadricarinatus and M. rosenbergii)
and that have been subjected to research in CPI and academic institutions, have sales value
that is not accessible to a large sector of the population. According to information provided
by the producers themselves, the retail price of Australian lobster (C. quadricarinatus) is
around $250 pesos per/kg; and that of the Malaysian prawn (M. rosenbergii) at the farm
is around $600 pesos/kg, both data obtained in Veracruz. In Mérida, Yucatdn, in the
Chedraui supermarket, the price of Malaysian prawn is $599 pesos/kg, while in San
Pedro Pochutla, Oaxaca, it is $700 pesos in farm. In the case of head-on shrimp, prices
at Walmart supermarkets (online) range from 199 pesos/kg to 299 pesos/kg, depending on
size. According to Smattcom (agricultural, aquaculture and fishery products trader), the
price of fresh shrimp per kg, wholesale, in May 2024, can have a minimum price of 82 to
146 pesos and a maximum of between 195 to 899 pesos (no information on size or origin).
In a study currently carried out in Veracruz, Puebla and the La Viga market in Mexico
City, it has been recorded that the price of M. rosenbergii can vary from $380 pesos per
box with two pounds (wholesale), up to $450 pesos (retail) and even up to $700 pesos (for

individuals and restaurants). I'or Australian lobster, prices have been recorded ranging
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from $80 pesos to $200 per kg (depending on size and freshness) (personal communication
with Gonzalo Ammiel Gémez Salgado).For the Pacific coast, in the Cajén de Pefias dam
(Jalisco), the price per kg of Australian lobster varies from $40 to $50 pesos and the price
of river shrimp, M. americanum, is $500 pesos/kg (personal communication with fishermen
of the Cajon de Peflas dam). It is worth mentioning that both species are the product of
fisheries (in the same dam). The Australian lobster is already fished regularly in that area
and represents a profitable activity for the inhabitants, despite being an exotic species
that has been distributed both in the dam and in its canals (Vega-Villasante et al., 2015).
It is clear that a low-income family would not be able to acquire, on a daily basis, such
products that are, in an obvious way, aimed at a population sector with greater purchasing
power. Therefore, at least in the case of crustaceans, the insufficient supply at accessible
and quality prices for rural populations is confirmed.

The deficient scientific-technical information and the scarce diversification of
aquaculture, problems identified in the PNPA 2020-2024, are consequences of the same
phenomenon. According to the results of the analysis of the publications in this study,
scientific-technical information has been profuse and relevant for P. vannamei, and to a
much lesser extent for shrimp of the genus Macrobrachium and C. quadricarinatus. Decades
ago, there was interest in the scientific and technological study of native and alternative
species for marine shrimp culture. The production of articles over time, shown in Figure
1, demonstrates this. However, the lines of research that would allow the aforementioned
diversification were not maintained and only those directed to the study of Pacific white
shrimp were (apparently) preserved. At least, for the study of crustaceans with a vocation
for cultivation, there do not seem to be new lines that address new or forgotten species,
except for the genus Macrobrachium and its native species. For M. rosenbergii, there is
also no evidence to show that studies are being carried out to improve or make culture,
reproduction or nutrition techniques more efficient, even though its cultivation is growing

in several regions of the country.

CONCLUSIONS

The dominance of the marine shrimp P. vannamei is clear, since most of the research has
focused on this crustacean, reflecting a clear preference and technological development in
its culture. Despite initial mentions of studies on other species such as C. guadricarinatus
and some of the Macrobrachium genus, the research and technology developed are limited,
suggesting a lack of exploration towards culture diversification. Shrimp aquaculture
generates significant employment and economic growth in specific areas, but the products
obtained are of high value, limiting their accessibility to the low-income population. The
sector faces challenges such as low productivity, insufficient supply at affordable prices,
and limited research on native species and alternatives to P. vannamei.

Therefore, it would be advisable to encourage research and technological development
in native species and alternatives to P. vannamei, such as shrimp of the Macrobrachium
genus, in order to reduce dependence on a single species and explore new markets. Ensure
sustained funding and institutional support for aquaculture research projects, especially

those directed toward less studied species and innovative technologies. Promote policies
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that allow equitable access to the economic benefits of aquaculture, considering food
production at affordable prices for rural and low-income communities. Improve the
regulation and institutional framework to promote sustainable, efficient and ethical practices
in aquaculture, ensuring responsible development of the sector. Encourage collaboration
between research institutions, production centers, and international cooperation to share

knowledge, technologies and best practices in aquaculture.

ACKNOWLEDGEMENTS

The authors OCHC, DJPC and MAVC thank CONAHCY'T for their financial support in carrying out this
study, through the postdoctoral scholarships. Likewise, KNNR, OAPA and MAAP thank the same institution
for supporting with doctoral scholarships. Special thanks to the editors and referees of the journal Agro

Productividad for their kind suggestions and criticisms that helped us improve the quality of this manuscript.

REFERENCES

Alfaro-Montoya, J. (2010). The reproductive conditions of male shrimps, genus Penacus, sub-genus Litopenaeus
(open thelyca penaeoid shrimps): a review. Aquaculture, 300(1-4): 1-9. https://doi.org/10.1016/].
aquaculture.2009.12.008.

Alvarez, F., Villalobos, J.I., Hendrickx, M.E., Escobar-Briones, E., Rodriguez-Almaraz, G., Campos, E.
(2014). Biodiversidad de crustaceos decdpodos (Crustacea: Decapoda) en México. Revista mexicana de
biodiversidad, 85 S208-S219. https://doi.org/10.7550/rmb.38758

Aragén-Noriega, E.A. (2016). Individual growth of white shrimp Litopenaeus vannamei (Boone, 1931) and blue
shrimp L. stylirostris (Stimpson, 1874) (Crustacea: Penaeidae) by multi-model approach. Latin American
Journal of Aquatic Research, 44(3): 480-486.

Arena, L., Regalado, 1., Sosa, V., Cuzon, G., Gaxiola, G., Rosas, C., Garcia, F. (2007). Effects of diets with
different carbohydrate concentrations in the growth, the phenotypic expression and specific activity
of alpha-amylase in shrimp Penacus (Litopenacus) setiferus. Aquaculture, 272(S1): S241. https://doi.
org/10.1016/j.aquaculture.2007.07.024.

Aubert, H., Lightner, D.V. (2000). Identification of genetic populations of the Pacific blue shrimp Penacus
stylirostris of the Gulf of California, Mexico. Marine Biology, 137: 875-885. https://doi.org/10.1007/
$002270000419.

Baker, R., Fujiwara, M., Minello, T J. (2014). Juvenile growth and mortality effects on white shrimp Litopenaeus
setiferus population dynamics in the northern Gulf of Mexico. Fisheries Research, 155: 74-82. https://doi.
org/10.1016/j.fishres.2014.02.026.

Barbosa-Saldana, M.L., Diaz-Jaimes, P., Uribe-Alcocer, M. (2012). Morphological variation of brown shrimp
(Farfantepenacus californiensis) in the Mexican Pacific. Revista Mexicana de Biodiversidad, 83: 40-52.

Benitez-Mandujano, M., Ponce-Palafox, J. T. (2014). Effects of different dietary of protein and lipid levels on
the growth of freshwater prawns (Macrobrachium carcinus) broodstock. Revista MVZ Cordoba, 19(1), 3921-
3929.

Bortolini, J.L., Alvarez, F., Rodriguez-Almaraz, G. (2007). On the presence of the Australian redclaw crayfish,
Cherax quadricarinatus, in Mexico. Biological Invasions, 9(5), 615-620. https://doi.org/10.32854/agrop.
v17i5.2907.

Coelho-Filho, P.A., Gongalvez, A.P., Barros, H.P. (2018). Artemia nauplii intake by Macrobrachium carcinus
at different larval stages in laboratory. Aquaculture, 484, 333-337. https://doi.org/10.1016/;.
aquaculture.2017.07.035.

Chong-Carrillo, O., Pefia-Almaraz, O.A., Aréchiga-Palomera, M.A., Vega-Villasante, F. (2023). Aquaculture
research with funding from CONAHCY T in three public research centers in Mexico. AgroProductividad,
16(7), 121-134. Dot: https://doi.org/10.32854/agrop.v1617.2656

De los Santos-Romero, R., Vega-Villasante, F., Cortes-Jacinto, E., Garcia-Guerrero, M.U. (2021). The
culture potential and management problems of freshwater prawns (Macrobrachium americanum and
Macrobrachium tenellum) in their native areas: the case for Mexico. Latin American Journal of Aquatic
Research, 49: 376-390.

FAO. (2009). Macrobrachium rosenbergii (De Man, 1879). FAO Fisheries Technical Paper No. 428. Rome, Italy:
FAO.



AGRO PRODUCTIVIDAD 2024. https://doi.org/10.32854/agrop.v17i9.2946 199

FAO. (2009). Penacus vannamei. Aquatic species information programme. Text by Briggs, M. In: FAO Fisheries
and Aquaculture Department [online]. Rome.

FAO. (2022). The state of world fisheries and aquaculture 2022. Towards the blue transformation. Rome, FAO.
https://doi.org/10.4060/cc0461es.

Gallardo, P.P., Pedroza-Islas, R., Garcia-Galano, T., Pascual, C., Rosal, C., Sanchez, A., Gaxiola, G. (2002).
Replacement of live food with microbound diet in feeding Litopenaeus setiferus (Burkenroad) larvae.
Aquaculture Research, 33(9): 681-691. http://dx.doi.org/10.1046/j.1365-2109.2002.00705.x.

Gao, J., Yin, Y., Myers, K.R., Lakhani, K.R., Wang, D. (2021). Potentially long-lasting effects of the pandemic
on scientists. Nat Commun, 12, 6188. https://doi.org/10.1038/s41467-021-26428z.

Garcia-Guerrero, M., Apun-Molina, J.P. (2008). Density and shelter influence the adaptation of wild juvenile
cauque prawns Macrobrachium americanum to culture conditions. North American Journal of Aquaculture,
70: 343-346.

Garcia-Guerrero, M. (2009). Proximate biochemical variations in eggs of the prawn Macrobrachium americanum
(Bate, 1869) during its embryonic development. Aquaculture Research, 40: 575-581.

Garcia-Guerrero, M. (2010). Effect of temperature on consumption rate of main yolk components during the
embryo development of the prawn Macrobrachium americanum (Crustacea: Decapoda: Palaemonidae).
Journal of the World Aquaculture Society, 41: 84-92.

Garcia-Guerrero, M., Ordufia-Rojas, J., Cortes-Jacinto, E. (2011). Oxygen consumption of the prawn
Macrobrachium americanum (Bate, 1868) over the temperature range of its native environment and in
relation to its weight. North American Journal of Aquaculture, 73: 320-326.

Garcia-Guerrero, M.U., Becerril-Morales, I., Vega-Villasante, I., Espinosa-Chaurand, L.D. (2013). Prawns of
the genus Macrobrachium with economic and fisheries importance in Latin America: current knowledge,
ecological role and conservation. Latin American Journal of Aquatic Research, 41, 651-675.

Ghanawi, J., Saoud, I.P. (2012). Molting, reproductive biology, and hatchery management of redclaw crayfish
Cherax quadricarinatus (von Martens 1868). Aquaculture, 358, 183-195.

Grajeda-Zabaleta, E.F., Rodriguez-Galvdn, G., Zaragoza-Martinez, L., Vazquez-Ramirez, F., Ubiergo-
Corvalan, P., Cuj-Laines, B., Cuenca-Soria, C., Navarro-Angulo, L., Grajeda-Zabaleta, Y. (2024).
Growth and survival of the crayfish acocil Procambarus (Austrocambarus) llamasi in biofloc. AICA, 19,
60-6.

Guerrero, M.U.G., Morales, F.B., Villasante, F.V., Chaurand, L.D.E. (2013). Prawns of the genus Macrobrachium
with economic and fisheries importance in Latin America: current knowledge, ecological role and
conservation. Latin American Journal of Aquatic Research, 41(4), 651-675.

Guzman, C., Gaxiola, G., Rosas, C., Torre-Blanco, A.M. (2001). The effect of dietary protein and total energy
content on digestive enzyme activities, growth and survival of Litopenaeus setiferus (Linnaeus 1767)
postlarvae. Aquaculture Nutrition, 7(2): 113-122. http://dx.doi.org/10.1046/j.1365-2095.2001.00161 .

Hernandez-Abad, G.Y., Herndndez-Herndndez, L.H., Fernandez-Araiza, M.A. (2018). Effects of different
dietary lipid concentrations on the egg production and egg quality produced by Macrobrachium
acanthurus females. Latin American Journal of Aquatic Research, 46, 518-514.

Holthuis, L.B. (1952). On a Collection of decapod crustacea from The Republic of El Salvador (Central
America). Zoologische Verhandelingen 23: 1-45.

IMIPAS (Mexican Institute for Research in Sustainable Fisheries and Aquaculture). (2018). Aquacultura|
Freshwater lobster. https://www.gob.mx/imipas/acciones-y-programas/acuacultura-camaron-azul.

Jaén-Ortigosa, N.G., Alvarez-Gonzdlez, C.A., Hernandez-Molején, O.G., and Gonzalez-Rodriguez, B. (2022).
Comparison of the proximate composition and fatty acid profile of freshwater prawn, Macrobrachium
carcinus, and marine shrimp, Penaeus vannamei, for aquaculture applications. Journal of the World
Aquaculture Society, 53(5), 1312-1325.

Jiménez, A. M., Alvarez, A. (2000). Growth and molting cycle of the freshwater prawn, Macrobrachium
americanum, under culture conditions. Aquaculture, 184(3-4), 337-345. https://doi.org/10.1016/S0044-
8486(99)00318-8.

Kebriyaee, M., Paknejad, H., Mohammadnejad, F. (2013). Effects of dietary protein levels on growth, survival
and feed utilization of white leg shrimp, Litopenaeus vannamei. Iranian Journal of Fisheries Sciences, 12(3),
489-498.

King, J.E. (1948). A study of the reproductive organs of the common marine shrimp, Penaeus setiferus (Linnacus).
Biological Bulletin, 94: 244-262.

King, J.E., Young, F.G. (1947). A study of the ovaries of the common marine shrimp, Penacus setiferus (Linnaeus).
Biological Bulletin, 92: 122-142.

Lépez-Martinez, J., Pdez-Osuna, F., Ruelas-Inzunza, J.R., Frias-Espericueta, M.G., Osuna-Lépez, J.I.,
Izaguirre-Fierro, G., Ramirez-Hurtado, M.A. (2000). Biochemical composition of brown shrimp



AGRO PRODUCTIVIDAD 2024. https://doi.org/10.32854/agrop.v17i9.2946 200

(Farfantepenacus californiensis) caught on the southeastern coast of the Gulf of California. journal of
Shellfish Research, 19(1), 157-161.

Magallén-Barajas, ., Sanchez, A. (2009). Seasonal and interannual variability of phytoplankton in shrimp
ponds of the Gulf of California. Aquaculture Research, 40(15), 1767-1775.

Maldonado-Sudrez, G., Gracia, A. (2011). Larval development of Macrobrachium americanum (Bate, 1868)
(Decapoda: Palaemonidae) reared in the laboratory. jJournal of Crustacean Biology, 37(1), 136-152.

Mancera, J. M., Garcia-Reyes, J. F., Espinoza, A. (2004). Cultivation and biological aspects of Macrobrachium
americanum in brackish water ponds. Revista de Biologia Marina y Oceanografia, 39(2), 91-102.

Mantel, L. H., Farmer, L. L. (1983). Osmotic and ionic regulation. In: Mantel LH (ed). The biology of
Crustacea. Volume 5: Internal anatomy and physiological regulation. New York: Academic Press, pp.
53-161.

Niu, J., Tian, L., Wang, J., Yang, H. (2012). Reproductive performance of female whiteleg shrimp Litopenacus
vannamei fed diets containing different sources of fatty acids. Aquaculture Nutrition, 18(4), 444-454.

Okumura, T., Aida, K. (2001). Effects of bilateral eyestalk ablation on molting and ovarian development in the
giant freshwater prawn Macrobrachium rosenbergii. Fisheries Science, 67: 1125-1135.

Olivier, G. (2002). Disease interactions between wild and cultured fish - perspectives from the American
Northeast (Atlantic Provinces). Bull. Eur. Ass. Fish Pathology, 22: 112-120.

Orellana, F.C., Méndez, E.M., Cuéllar-Anjel, J. (2010). Macrobrachium americanum (Bate, 1868) (Decapoda,
Palacmonidae), a new species for the freshwater aquaculture of Colombia. Latin American Journal of
Aquatic Research, 38(2), 254-264.

Owens, L. (2005). Interrelationships of Bacteria, Protozoa and Viruses. In: Lonsdale DJ, Duguay LE, von
Westphalen G (eds). Interrelationships of bacteria, protozoa and viruses in marine environments. Boca
Raton, Florida: CRC Press, pp. 211-245.

Pascual, C., Sanchez, A., Re, D., Carrillo, O., Gaxiola, G., Rosas, C. (2004). Biochemical, hemolymph variables
and immune response in Litopenaeus setiferus adult males: The effect of an extreme temperature.
Aquaculture, 235(1-4): 455-466. https://doi.org/10.1016/j.aquaculture.2003.09.055.

Rodriguez-Cruz, L.D., Torres-Olvera M,J., Duran-Rodriguez, O.Y., Juan Pablo, R.H. (2023) The invasive
Australian redclaw crayfish Cherax quadricarinatus Von Martens, 1868: a new threat for biodiversityin
the Sierra Gorda Biosphere Reserve, Central Mexican Plateau. Biolnvasions Records 12(3): 819-828,
https://doi.org/10.3391/bir.2023.12.3.17.

Rodriguez-Galvan, G., Grajeda-Zabaleta, E.F., Villalobos, H., Espinoza-Méndez, J.C. (2019). Biofloc
technology in the production of freshwater shrimp (Macrobrachium tenellum): its effect on growth and
survival. Latin American Journal of Aquatic Research, 47(4), 718-725. https://doi.org/10.3856/vol4 7-issue4-
fulltext-16.

Rosas, C., Gaxiola, G., Valenzuela, R., Brito, R., Bracho, M.A., Calderén, J., Carrillo, O., Sanchez, A.,
Pascual, C. (2001). Effect of type of dietary lipid on growth, gonad development and lipid composition
in gonads and hepatopancreas of the white shrimp, Litopenaeus vannamei. Aquaculture Nutrition, 7(3):
193-207. http://dx.doi.org/10.1046/3.1365-2095.2001.00172.x.

Sosa, V., Arena, L., Regalado, I., Cuzon, G., Gaxiola, G., Garcia, F. (2006). Growth of white shrimp Litopenaeus
setiferus and Penacus vannamei with diets containing varying levels of carbohydrates. Aquaculture, 258(1-
4): 47-54. https://doi.org/10.1016/j.aquaculture.2006.04.015.

Veazey, J.R., Butler, P.A. (1945). The reproductive cycle of commercial shrimp, Penaeus setiferus (Linnacus).
Biological Bulletin, 88: 112-124.

Villalobos, H., Grajeda-Zabaleta, E.F., Rodriguez-Galvan, G., Lépez-Gdémez, A., Espinoza-Méndez, J.C.
(2020). Water quality parameters and phytoplankton growth in whiteleg shrimp (Litopenaeus vannamei)
culture tanks with biofloc technology. Latin American journal of Aquatic Research, 48(1), 34-41. https://
doi.org/10.3856/vol48-issue 1 -fulltext-2323.

Wickins, J. F., Lee, D. O. (2002). Crustacean farming: Ranching and culture. Hoboken, New Jersey: John
Wiley & Sons.



	_GoBack
	_Hlk176437680
	_Hlk171587622
	_heading=h.fm40rj2p74x8
	btbl1
	bbib8
	_gjdgxs
	_Hlk149548468
	_Hlk166523228
	_Hlk170075118
	_Hlk169892521
	_Hlk169891888
	_Hlk169892419
	_Hlk169892471
	_Hlk169872498
	_Hlk169879396
	_Hlk169847063
	_Hlk169847184
	_Hlk169847311
	_Hlk169847425
	_Hlk169594453
	_Hlk169614967
	_Hlk169817185
	_Hlk169864139
	_Hlk169868007

