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En la portada del presente numero se presenta la fotografia del corte transversal de
un alevin (cria recién nacida de pez) que fue tomada con un microscopio 6ptico
(10X). La técnica de tincion es hematoxilina-eosina-floxina. Estd foto gano el
primer lugar en el concurso de fotografia realizado en la Facultad de Ciencias del
Mar UAS, en el marco de la conmemoracion del dia mundial del medio ambiente y
de los océanos, realizado el 4 de junio de 2025.

Esta fotografia es parte de los resultados de una tesis sobre histolopatologia de
peces. La foto fue tomada por el estudiante de la Facultad de Ciencias del Mar
UAS Edén Alejandro Rodriguez Vazquez y por las académicas M. en C. Selene
Maria Abad Rosales y la Dra. Mayra Ixchel Grano Maldonado.
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Confirmacion de la identidad del poliqueto Amphinome rostrata
registrado en la Bahia de Banderas, Pacifico central

mexicano, usando datos del gen mitocondrial 16S

Confirmation of the identity of the polychaete Amphinome
rostrata recorded in Bahia de Banderas, central Mexican

Pacific, using 16S mitocondrial gene data

Amphinome rostrata (Pallas, 1766) es un gusano poliqueto con una
distribucion aparentemente cosmopolita. Fue registrado por primera
vez en 2024 en la region de Bahia de Banderas, en el Pacifico central
mexicano. La identificacidn de esos ejemplares se basd en
caracteristicas morfologicas de la caruncula y las branquias. En este
estudio, la identificacion taxondémica es validada mediante evidencia
molecular. Especificamente, se realizd un analisis del gen mitocondrial
16S (ARNr) a partir de los ejemplares examinados en el estudio de 2024.
Este andlisis confirma la presencia de 4. rostrata en la region, tal vez
como una especie invasora con distribucion disjunta, no continua, que
incluye sitios de registro en el Pacifico occidental y oriental, indico,
golfo de México, mar Caribe, costa atlantica de Sudamérica, asi como
de lapeninsula Ibérica.

Palabras clave: Amphinomidae, especies cosmopolitas, marcador molecular 16S,
Parque Nacional Islas Marietas.
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C ABSTRACT

J

Amphinome rostrata (Pallas, 1766) is a polychaete worm with a
seemingly widespread distribution. The first documented instance of
this species was recorded in 2024 at the Bahia de Banderas region,
located in the central Mexican Pacific. The identification of these
specimens was based on the morphology of the caruncle and branchiae.
In this study, we employed a molecular approach to validate the
taxonomic identification using molecular evidence. Specifically, we
conducted an analysis of the mitocondrial gene 16S (ARNr) from
specimens examined in the 2024 study. This analysis confirms the
presence of 4. rostrata in the region, as a potential invasive species with
a disjunct distribution that includes recorded locations in the Western
and Eastern Pacific, Indian Ocean, Gulf of Mexico, Caribbean Sea,

Atlantic coast of South America, and the Iberian Peninsula.

Keywords: Amphinomidae, cosmopolitan species, 16S molecular marker, Islas
Marietas National Park.

INTRODUCCION

Amphinome rostrata (Pallas, 1766) es un gusano poliqueto de la familia
Amphinomidae (Yafiez-Rivera, 2009). Su distribucion se ha
considerado cosmopolita y su localidad tipo se encuentra en la bahia de
Bengala, India (Borda, Kudenov, Bienhold, Rouse, 2012; Yafiez-Rivera,
2009; Yanez-Rivera y Borda, 2021; GBIF Secretariat, 2023; Read y
Fauchald, 2025). En México, la especie se ha registrado en el Caribe
(Salazar-Vallejo, 1996; Borda et al., 2012) y, recientemente y por
primera vez, se observaron ejemplares en la costa del Pacifico en la zona
oceanica del Parque Nacional Islas Marietas, Bahia de Banderas, Nayarit
(Cortés-Lara, Contreras-Duran, Cupul-Magafia, Cupul-Magafia, 2024).

Cinco ejemplares adultos se recolectaron sobre la superficie de una
maceta en flotacion (esclerobiontes) por Cortés-Lara et al. (2024) y se
identificaron como representantes de la especie 4. rostrata (Fig. 1) por

sus caracteristicas morfologicas distintivas: prostomio pequefio,
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caruncula en forma de corazon en el borde posterior, branquias
arborescentes con el tronco principal dividido desde la base en multiples
ramificaciones, asi como cuerpo segmentado, alargado y rectangular
(Yanez-Rivera, 2009; Lifiero-Aranal y Diaz, 2010; Harris, de Ledn-
Gonzalez, Salazar-Vallejo, 2021; Yanez-Rivera y Borda, 2021; Cortés-
Laraetal.,2024).

que el original
J

Figura 1. Poliqueto esclerobionte Amphinome rostrata recolectado por Cortés-Lara et al.

(2024) en las inmediaciones de la isla Redonda, Parque Nacional Islas Marietas en Bahia de
Banderas, México. El ejemplar con talla aproximada de 45 mm y acompafiado de crustaceos

Lepas anatifera.
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La distribucion cosmopolita de A. rostrata (Yaiez-Rivera y Borda,
2021), aunada a la similitud con A. vagans (Savigny, 1822) por la forma
de las ramificaciones branquiales, podrian generar dudas sobre su
correcta identificacion e invalidar el primer registro de avistamiento en la
costa del Pacifico mexicano. De hecho, el uso de datos de secuencias
nucleares y mitocondriales dentro del grupo de los anélidos acuaticos, es
una herramienta utilizada de forma efectiva para delimitar especies
(descripcion de nuevas especies y confirmacion de especies previamente
descritas) y corroborar registros de distribucion (Grosse etal., 2025).

Asi, el objetivo de este trabajo es validar la identificacién morfologica de
A. rostrata registrada por Cortés-Lara et al. (2024), mediante andlisis
molecular usando el gen mitocondrial 16S (ARNr) obtenido de los
ejemplares de poliquetos recolectados en Bahia de Banderas, y

confirmar su presencia en el Pacifico central de México.

C MATERIALES Y METODOS

El ADN gendmico de dos ejemplares fijados en etanol al 98%, se extrajo
con la técnica de precipitacion de sales propuesta por Aljanabi y
Martinez (1997). Los ejemplares fueron identificados por Cortés-Lara et
al. (2024) como A. rostrata para Bahia de Banderas y depositados en la
Colecciodn de la Estacion de Biologia Chamela (EBCh) del Instituto de
Biologia de la Universidad Nacional de Autonoma de México (UNAM).
Las secuencias parciales del gen mitocondrial 16S ARNr (~320 pb), se
amplificaron con la técnica de reaccidon en cadena de la polimerasa
(PCR) y con los cebadores 16sar (5'-CGC CTG TTT ATC AAA AAC
AT-3") y lésbr (5'-CCG GTC TGA ACT CAG ATC ACG T-3")
disefiados por Palumbi et al. (2002). Los productos de la PCR se
visualizaron en un gel de agarosa al 2% bajo luz ultravioleta y, las
reacciones positivas resultantes se purificaron con el uso del kit Wizard
SV sistema de limpieza de la PCR (Promega). Los amplicones
purificados fueron enviados a Macrogen, Inc., empresa de analisis
genéticos con sede en Seul, Corea, para su secuenciacion por el método

Sanger.

Cimar 2025, 09 https://revistas.uas.edu.mx/index.php/CIMAR

https://revistas.uas.edu.mx/Q



Pl cimar uas

Las dos secuencias obtenidas de ambas direcciones para cada uno de los
individuos analizados (forward: F y reverse: R), se editaron y verificaron
manualmente con el software Geneious Prime 2025.2.1 para obtener las
secuencias consenso. Asi, con el uso de la herramienta BLAST (Basic
Local Alignment Search Tool), las secuencias consenso se compararon
con secuencias conocidas de la base de datos en linea de secuencias del
GenBank de la National Library Medicine del National Center for
Biotechnology Information (NCBI) Database
(https://www.ncbi.nlm.nih.gov/genbank/; Tabla I, ver leyenda de Fig.
2), para verificar su similitud con especies emparentadas y realizar la
busqueda de secuencias genéticamente cercanas para el andlisis de
relaciones nucleotidicas. En este proceso no se incluyeron secuencias de
A. vagans porque no existen en la base de datos del NCBI.

Posteriormente, se realizo un analisis de relaciones de nucledtidos entre
las secuencias consenso obtenidas para las dos muestras de los
ejemplares de Bahia de Banderas y las secuencias de especies de la
subfamilia Amphinominae depositadas y descargadas de la base de datos
del NCBI. La alineacion de secuencias de ADN se realizd con
CLUSTAL W utilizando el programa MEGA12 ver 12.0.9 (Kumar,

Stecher, Suleski, Sanderford, Sharma, Tamura, 2024). Las regiones

hipervariables con inserciones y deleciones se removieron del
alineamiento previamente a la ejecucion del analisis.

La alineacion final de las secuencias se evalu6 para determinar el mejor
modelo de sustitucion nucleotidica (GTR+G) de acuerdo con el
programa JModelTest 2.0 (Posada, 2008). Se generd un arbol

filogenético a partir de los métodos de maxima verosimilitud (ML) y

p N Bayesiano (BI) con el uso de los programas MEGA12 ver12.0.9 (Kumar

tal.,2024)yMr. B 3.2 (R istetal., 2012 ti te.
8 OPEN ACCESS ctal, )y Mr. Bayes 3.2 (Ronquist etal., ), respectivamente

Los analisis de maxima verosimilitud (ML) se ejecutaron con 1000
Este es un articulo de L. . . .
acceso  abierto distribuido réplicas bootstrap (Kumar et al., 2024) y la inferencia bayesiana se
bajo los términos de la
Licencia Creative Commons
Atribucién-No Comercial-
Compartir  igual (CC  BY-

estimd con dos simulaciones Markov Chain Monte Carlo (MCMC) de

NC-SA 40), que permite mas de 500,000 generaciones realizadas con muestreo cada 1000
compartir y adaptar siempre . i .

que se cite adecuadamente la generaciones (Ronquist et al., 2012). El valor de burnin adecuado se
obra, no se utilice con fines

comerciales y se comparta determind examinando la desviacidon estandar de las frecuencias de

bajo las mismas condiciones
que el original

) division por debajo de 0.01. Se construyd un arbol consenso con una
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regla de mayoria del 50% a partir de todas las generaciones muestreadas

después del burnin y tras el descarte del 25% de las muestras originales.
Por ultimo, se obtuvieron distancias genéticas con el modelo Kimura

(K2P) entre los ejemplares evaluados y las especies contenidas en los
géneros Amphinome, Cryptonome, Branchamphinome, Hermodice,
Eurythoe, Hipponoe, Pherecardi, Pareurythoe y Paramphinome con
MEGA12 ver12.0.9 (Kumar et al., 2024). Para enraizar el arbol, se
utilizaron especie del género Chloeia como grupo externo, pues al ser un
género distinto incluido en la misma familia (Amphinomidae) y
presentar distinta morfologia, se asegurd su posicion fuera del grupo
interno al actuar como punto de referencia para inferir el ancestro comtn
del grupo interno; ademas, otro criterio importante para la seleccion del
grupo externo, fue la disponibilidad de datos de secuencias en el NCBI
(Hillis, Allard, Miyamoto, 1993; Swofford, 2003). Las secuencias
generadas en este estudio para los dos ejemplares registrados en la Bahia
de Banderas, Pacifico central mexicano, se depositaron en el GenBank
con los siguientes nimeros de acceso: PV730333, Pv730334.

Tabla I.- Matriz de distancias genéticas por pares (K2P) entre especies seleccionadas de
Amphinominae, utilizando el gen 16S ARNr. Los valores de las distancias genéticas (K2P)
estan en negritas (diagonal inferior izquierda) y el error estandar estimado (diagonal superior

derecha) sin negritas.

165 ARNr 1 2 3 4 5 [ 7 S 9 10 11 12 13 14
1 _dmphinome rostrata - 0,000 0000 002% 0033 0023 0043 0.044 0.045 0.037 0.053 0036 0.035 0.061
(FM)
2 _dmphinome rostrata 0,000 - 0000 0026 0033 0023 0043 0044 0.045 0.037 0,033 0036 0.035 0.061
TN223398 (MEDY
3 _dmphinome postrata 0000 0.000 - 0,029 0033 0023 0043 QU044 0.045 0.037 0053 0036 0.035 0.061
TH086560 (MED)
4 Crnpronoms barbada 0154 0154 0154 - 0028 0022 0.044 0036 0.041 0.033 0.035 0.030 0.044 0062
NCO37947 (ATL)
] Cryptonoms noeica 0198 0198 0198 0.167 - 0,028 0042 0037 0.040 0041 0053 00036 0.047 0072
MH38E2%9 (MED)
] Cruptonoms 0.114 0114 0114 0124 0.156 - 0.044 01038 0.044 0.036 0051 0038 0.044 0,060
conclava
TNO865353 (MED)
T Branchamphinoms 0266 0266 0266 0230 0264 0270 - QU041 0046 0042 0,033 0025 0.046 0036
kohtsukai
MZ568464 (BN)
8  Hermodics runculata 0266 0266 0266 0219 0230 0236 03260 - 0035 0.038 0.043 0,039 0.040 0037
MF303063 (ATL)
9  Ewgthoe complanata 0272 0272 0272 0248 0265 0260 0291 0.22% - 041 00358 0042 0.045 00353
EY972389 ()
10 Hipponoe 0218 0218 02185 0198 0271 0.21% 0239 0.236 0304 - 0.037 0037 0.045 0038
ichamdi
TNOE6561 (MED)
11  FPherecardi siviata 0349 0349 0349 0350 0356 0341 0.235 0283 0405 0.375 - 0040 0035 04073
MZ368463 (P
12 Parewythoe borealir 0218 02115 0213 0170 02219 0213 0133 0282 0266 0.230 0.259 - 0044 0073
TH08655% (MED)
13 Paramphinoms 0345 0345 0345 0291 0301 0288 0.297 0.258 0295 0.282 0.330 0266 - 0074
Jatfrepsii
GO47E121 ()
14 Chiosia flmva 0410 0410 0410 039 0478 0393 0.541 0371 0.421 0.357 0.481 0.464 0.480 -
TN0B6554 (MED)
Diztribucién: Pacifico cantral mexcans (PM), Mar Mediterrineo (MED), Atlintico (AIL), Pacifico Nerte (PN), =in datos (7).
Referencizs: 1) JN223398, 3) TMN036360, 6) IN086333, 10) JNOB6361, 12) TMN08633%, 14) IIM086334 en Borda et al (2012); 4)
NCO3TMT en Barroso et al (2018); 5) MH38829% en Yokes et al. (2018); T) MEZ363464, 11) MZ3568463 en Jinu, Hookabe, Tami,
Yoshida, Immra (2021 8) MF305063 en Seows, Zanol, Toste, Paiva (no publicade]; %) KT%72389 en Bemardmo, L1, Smith, Halanych
(2017); 13) GQ478121 en Zanol, Halamych, Struck, Fauchald (2010).
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C RESULTADOS

La reconstruccion filogenética con el gen 16S ARNr se analiz6 con 24
secuencias (302 bp seleccionadas, 166 sitios conservados, 136 sitios
variables y 112 sitios parsimoniosamente informativos). Los analisis por
el método Bl y ML, fueron congruentes y ubicaron a los dos ejemplares
de poliquetos analizados de Bahia de Banderas dentro de un subclado
con buen soporte de rama (valor bootstrap = 98; valor posterior = 1.0;

Fig. 2) con otros miembros del género Amphinome (Fig. 2).

Amphinome rostrata JN223398

Amphinome rostrata INOS6360

Amphinome rostrata PV730333
Amphii rostrata IN223399 Amphinome

o F Amphinome rostrata AY 577881

510.79 Amphinome rostrata PN730334

ome conclava INDB6353

Ty
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Figura. 2. Reconstruccion filogenética basada en el marcador mitocondrial 16S. Los valores
de cada nodo corresponden a los bootstrap y a las probabilidades posteriores de los clados
principales reconstruidos con el arbol de consenso estricto generado con los métodos MLy BI,
respectivamente. El recuadro resaltado en la parte superior de la figura, corresponde al género
Amphinome y a las secuencias de los ejemplares de la especie Amphinome rostrata registrada
en Bahia de Banderas (estas ultimas resaltadas en negritas). Los numeros de acceso de

GenBank estan ubicados después del nombre de cada taxon. La barra de escala, abajo a la
izquierda, indica la distancia evolutiva. Referencias: JN223399, AY577881, IN086557 en
Borda et al. (2012); MG434670 en Barroso et al. (2018); MF503063 en Seixas et al. (no
publicado); KC017705, KC017695, KC017677 en Ahrens et al. (2013); OM144973 en
Cariete, Romero, Easton, Mecho, Sellanes (2023).

Este subclado se conforma por secuencias de los dos ejemplares de la
Bahia de Banderas (numeros de acceso: PV730333, PV730334), junto
con cuatro ejemplares que, de acuerdo con la informacion contenida en
el GenBank (entre paréntesis el numero de acceso), corresponden a
secuencias de ejemplares recolectados en el Farallon de Péjaros en las
Islas Marianas (JN223398), en la North Stradbroke Island en Australia
(JN086560), en Australia (AY577881) y en la playa mexicana de
Xahuayxol, Quintana Roo (JN223399) (Fig. 2), todos ellos
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Adicionalmente, las distancias genéticas (K2P) calculadas con el gen
mitocondrial 16S entre los grupos seleccionados de la familia
Amphinomidae (Tabla I), evidencian una distancia genética de 0.000
+0.000 (% es el error estandar estimado) entre todos los ejemplares de
distintas regiones geograficas, todos ellos pertenecientes a la especie A.
rostrata. Contrastantemente, todas las comparaciones intergenéricas
demuestran que los ejemplares de A. rostrata son genéticamente
distantes de los otros miembros pertenecientes a los géneros
Cryptonome, Branchamphinome, Hermodice, Eurythoe, Hipponoe,
Pherecardi, Pareurythoe, Paramphinome y Chloeia, con valores de
distancia genética que oscilan entre 0.154-410+0.029-0.061.

Laevidencia molecular (relaciones nucleotidicas y distancias genéticas)
con el uso del marcador 16S ARNT, evidenci6 que los dos ejemplares de
A. rostrata identificados para la Bahia de Banderas en el Pacifico central
mexicano y los 4. rostrata de las otras tres regiones geograficas
utilizados en la comparacidn (islas Marianas, Australia y Quintana Roo),
corresponden a la misma especie. Asi, este resultado valida la
identificacion taxondmica realizada previamente para los ejemplares de
la Bahia de Banderas, la cual tinicamente se baso en la revisioén de
caracteres morfologicos (Cortés-Laraetal., 2024).

Por otro lado, la distancia genética de cero obtenida con el marcador
genético utilizado (16S), es una indicacién contundente de que las
muestras analizadas pertenecen a la misma especie y corresponden a A.
rostrata. Adicionalmente, el analisis de relaciones nucleotidicas con dos
métodos distintos (BI y ML), formé un subclado de ejemplares que
contenia a la especie 4. rostrata de la Bahia de Banderas y de las otras
tres regiones geograficas. Esta agrupacion se recuper6 en una politomia
altamente emparentada con otras especies de poliquetos pertenecientes a
los géneros Cryptonome, Pareuythoe, Hermodice y Eurythoe, todos
ellos recuperados como grupos hermanos y contenidos dentro de un
clado que corresponde a la subfamilia Amphinominae del orden

Polychaeta.
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Esta aproximacion integrativa y validacion de la identificacion
taxonomica, confirma la presencia de A. rostrata en el Pacifico central
mexicano y la ampliacion en su distribucidon disjunta, que incluye
localidades dispersas en el Pacifico occidental y oriental, indico, golfo de
México, mar Caribe, costa atlantica de Sudamérica, asi como de la
peninsula Ibérica. Y, de acuerdo con la definicién de Blackburn et al.
(2011), 4. rostrata puede ser considerada como una especie invasora, pues
sus representantes se dispersan (en este caso, flotando sobre una maceta),
sobreviven y se reproducen en multiples sitios a lo largo de un espectro
mas o menos amplio de hdbitats y de area de distribucion geografica.

A pesar de la validacion de la identificacion molecular de la especie, aun se
requiere confirmar si A. rostrata ha colonizado otros tipos de sustratos
costeros o insulares en la region, pues los ejemplares de Bahia de Banderas
se encontraron sobre una maceta a la deriva. Ademas, dada la similitud
morfologica entre A. rostrata y A. vagans, sera necesario realizar su
delimitacion tanto morfoldgica como molecular de ambas especies, o bien,
demostrar que son sinénimas.

Larelevancia de realizar una comparacion con 4. vagans es porque aunque
la especie fue descrita originalmente para el Reino Unido, fue registrada
por Chamberlin (1919) en un madero flotante frente a Acapulco, Guerrero,
sitio ubicado a casi 760 km al sur de Bahia de Banderas, y cuya descripcion
de sus ramificaciones branquiales no se ha confirmado desde que Savigny
lasresalté en 1822 (Yanez-Rivera, 2009).

Ademas, los ejemplares juveniles de 4. vagans recolectados por
Chamberlin (1919) estan depositados en las Invertebrate Zoology
Collections del National Museum of Natural History (NMNH 19329:
http://n2t.net/ark:/65665/357df51¢2-9089-4d19-b152-cce2192¢a861),
pero registrados con el nombre de 4. rostrata, pues fueron vueltos a
identificadar (se desconocen las anotaciones sobre la correccidon del
nombre) por Marian Hope Pettibone, una reconocida especialista en el
grupo y curadora del NMNH (Andnimo, 2024). Asi, hasta no confirmarlo,
se supondria que el registro de los ejemplares de A. rostrata (antes A.
vagans) recolectados el 14 de octubre de 1904 en Acapulco, Guerrero por
Chamberlin (1919), seria el primero para El Pacifico mexicano y, el

registro de Cortés-Lara et al. (2024) en la Bahia de Banderas, el segundo.
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Who eats whom: Food webs in marine
and brackish ecosystems

Quién se come a quién: Redes alimentarias en
ecosistemas marinos y salobres

©C ABSTRACT

The objective of the present review was to show a brief panorama of how
food webs are built up in nature and realize the impact of heavy metals
into the food web. Pointing out the most common stables isotopes used
to study the trophodynamics in natural marine and brackish ecosystems.
Evidencing primary producers, primary consumers, secondary
consumers and tertiary consumers as steps of food web and it is
respective carbon and nitrogen stable isotopic firm. We review some
evidence of metal poisoning impacting in public and human health,
particularly in methyl-mercury chemicals for cadmium and lead species
on food webs. This review considered at least 60 scientific papers from
around the world and some other papers written in Mexico to produce
the present manuscript. Despite good advances on Trophic Ecology,
even there is a gap in the knowledge of transfer of heavy metals in Food
Webs. Both techniques: Stable Isotopes analysis and stomach content
analysis play a key role for the well understanding of trophic dynamics

in food webs.

Keywords: Food Web, Carbon, Nitrogen, Isotopes, Heavy Metals.
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C RESUMEN

El objetivo de esta revision fue presentar un breve panorama de como se
construyen las redes troficas en la naturaleza y comprender el impacto de
los metales pesados en ellas. Se destacaron los iso6topos estables mas
comunes utilizados para estudiar la trofodindmica en ecosistemas
marinos y salobres naturales. Se identific al productor primario, al
consumidor primario, al consumidor secundario y al consumidor
terciario como etapas de la red tréfica y sus respectivos isdtopos estables
de carbono y nitrégeno. Se revisaron algunas evidencias de
envenenamiento por metales que impactan la salud publica y humana,
particularmente en la presencia de metilmercurio en especies de cadmio
y plomo en las redes troficas. Esta revision considerd al menos 60
articulos cientificos de todo el mundo y algunos otros escritos en México
para producir este manuscrito. A pesar del avance en ecologia tréfica, ain
existe una brecha en el conocimiento sobre la transferencia de metales
pesados en las redes troficas. Ambas técnicas, el analisis de isdtopos
estables y el andlisis del contenido estomacal, desempefian un papel

clave para comprender la dindmica tréfica en las redes trdficas.

Palabras clave: Red alimentaria, carbono, nitrogeno, isdtopos, metales pesados

INTRODUCTION

Remembering our science classes on elementary school, teachers taught
us about how animals are involved into a food web, i.e. Primary
producers (green plants: phytoplankton), primary consumers (snails,

crabs, worms), Third consumers (birds) and fourth consumers (humans),

and explained us the fact of who eats whom in the simplest way. In this
elemental view, teachers explained how the energy is transferred to
upper predators. However, this vision is not well integrated due to
ecological complexity about and how species obtain its food according
to predatory guild (Feeding habits).

Both, plants and animals must obtain their food for survival. Green

plants and phytoplankton are well known for producing their own food

using sun, water and carbon dioxide from atmosphere and nutrients in a@
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biochemical process called Photosynthesis (Bassham et al., 1950). For
this reason, plants and phytoplankton are labeled as Primary producers.
For the other hand, organisms which do not create their own food and
must eat green plants or animals (preys), are called consumers (Polis et
al., 1997). Animals which feed on plants exclusively are called
herbivores (Kendall et al., 2009) and carnivores are those animals which
feed on other animals (preys) (Polis et al., 1997). Finally, animals which
feed on plants and animals belong to omnivorous feeding habits
(Gonzélez-Bergonzoni et al., 2012) Theres is a particular feeding guild:
decomposer animals feed on dead organisms or organic wastes from the
upper layers becoming its food for survival (Haimi, 2008).
I Basics on Ecological Hierarchy:

On nature, phytoplankton is the primary producer and zooplankton feed
on phytoplankton and decomposer (bacteria) feed on both:
phytoplankton and zooplankton. In this way this ecological-trophic
relationship is named Food chain (Pimm et al., 1991). Wherein the
transferring of energy is in one ascending way; from the base of food
web to upper trophic levels or top predator (Pimm et al., 1991, Jara-
Marinietal., 2009, Soto-Jiménez et al., 2011).

The simplest vision of a food web in nature is composed by, primary
produces such phytoplankton, green plants, seston, detritus which
transfer the chemistry energy to primary consumers: zooplankton,
bivalves, and snails. The transfer of nutrients (carbon and nitrogen) is a
vector for pollutants to access to food web at same time as predator feed
on preys. This trophodynamic is evidence in all the upper predators sit on
the food web. Carbon, Nitrogen, Oxygen, and Hydrogen are essential

elements to support live in the ocean and nutrition requirements by

predator are satiated predating from small preys in the food web. This
simple way to explain the food web is evidenced in Fig.1. Showing Who
eats whom.

However, Ecology in food web has developed explanations on the way
of how nutrients are transfer not only in a one ascending way. Zetina-
Rejon etal., (2003) explains deeply in his paper the trophic relationships
among species, involving benthic and pelagic species whose interact in

the food web, and subsequently how is energy transfer to bottom chain to
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pelagic food web. Omnivore species are ubiquitous due are present in
both benthic and pelagic food web apporting nutrients and dissolved
particles to water column and settling down to bottoms wherein other
species are supported by this waste natural budget.

For the other hand, marine and brackish environments food webs are
made up at least 2 food chains (i.e. benthic and pelagic food chain)
wherein trophodynamics interactions are even more complex
(Mendoza-Carranzaetal., 2016, Soto-Jiménez et al., 2011, Muro-Torres
etal.,2019).

Therefore, food webs are composed of interconnecting different food
chains (Zetina-Rejon et al., 2003). Most communities include various
populations of producer organisms which are eaten by any number of
consumer populations (Mendoza-Carranza et al., 2016). The crabs, for
instance, are consumers as well as decomposers. Crabs will eat dead or
living organisms. A secondary consumer may also eat any number of
primary consumers or producers (Campbell etal., 2021).

II. Howisenergy transferred to a food web?

Nutrients are transferred in a food web by photosynthetic process,
predation, or grazing on green plants or detritus. (Pimm etal., 1991). At
the same time, pollutants are transferring ad or absorbed form into the
diets for predator (Wang, 2002). It is well documented transfer of
nutrient and pollutants in food webs, for instance, biomagnification of
mercury (Hg) (Liu et al., 2019, Jara-Marini et al., 2011, Chen et al.,
2016, Valladolid-Garnica et al., 2023, Li et al., 2024) or Biodilution of
Lead (Pb) in artificial and natural Food chain. (Cui et al., 2011, Soto-
Jiménezetal, 2011, Chenetal.,2016,Gaetal.,2021, Huetal., 2021, Liu
et al., 2022, Reyes-Marquez et al., 2022, Zheng et al., 2023, Li, et al.,
2024).

Understanding the trophic dynamic in food web is required to define the

trophic position of a living organism. The trophic position refers to how
predators obtain their energy in the ecological hierarchy (Post, 2002).
Trophic position #1 belongs to primary producers and according to
stomach content analysis and stables isotopes it is possible to locate the
predator species in the food web (Post, 2002).
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In a food web, the energy is transferred from the base of the carbon and
nitrogen sources to upper trophic levels, and not only in a unidirectional
way, according to feeding habit this energy it may be imported to other
food chain (pelagic chain) or to a bottom chain and vice versa, producing
the benefit of importation and exportation of nutrients (Bottom-up and
Top- Down effect) (Vidal & Murphy 2018).

In this ecological hierarchy, the energy is lost in each trophic level in two
forms: first by producing heat and growth, and second, by digestion of
the food.

Fig. 1. The simplest vision of a food web that teachers taught us in our childhood.

Past decades research focus on digestion rates in some organisms; (it is

time for complete degradation by stomach acids), assimilation of
nutrients and evacuation rates to understand the trophic transfer in
aquatic ecosystems (Wang, 2002). Despite good efforts, not all rates are
the same for the rest of organisms and discrepancies are observed by
size, feeding habitat, gonadal development, and age in species. It is
worth noting that not only nutrients and energy flow through trophic

level in food web.
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Some pollutants act as opportunist agents taking the same route of
nutrients transferring trough food webs occasioning deleterious effects in
upper predators including in humans. It is well documented in Zebrafish
effects as oxidative stress, tissues swelling and kidney disruption due to
heavy metals included in diets (Bhagat etal., 2020).

Some terms such as Bioconcentration, bioaccumulation, biodilution and
biomagnification are associated with trophic transfer in food webs (see
Glossary), and refers to concentrate pollutant from abiotic fraction:
sediment and water, or predating some preys. It has been reported some
events of biomagnification affecting human health (biomagnification of
Hg) (Harada, 1995, Chen et al., 2016, Jara-Marini et al., 2011,
Yokoyama, 2018, Liu, et al., 2019, Wang 2002, Li et al., 2024) and in
better scenarios biodilution or reduction in the concentration of
contaminants trough food web (Soto-Jiménez etal., 2011, Gaetal., 2021,
Huetal.,2021, Liuetal., 2022, Reyes-Marquez et al., 2022, Zheng et al.,
2023, Lietal.,2024).

ITI. Case of Studies by Biomagnification of methyl Mercury and
Cadmium poisoning

There is bruising evidence of pollutants biomagnification in food webs
(Harada 1995, Chen et al., 2002, Yokoyama, 2018, Liu, et al., 2019, Jara-
Marinietal.,2011, Wang 2002, Lietal., 2024).

However just a few have documented the impact on human health. A
sadness case was in Minamata Japan, wherein Chisso corporations
produced acetaldehyde compounds and spilled waste effluents enriched
of methylmercury to bay. Plants, crabs, snails, and fish were
contaminated through the food web and reached humans (apex predators)
by ingesting these kind of polluted protein sources (Harada, 1995,
Yokoyama, 2018). Being Methyl mercury is the most commonly

chemical form to be biomagnified in food web (Bloom 1992, Jara-Marini
etal2011).

Some toxic effects by Hg poisoning were: convulsions, salivating,
difficulty walking, speech problems, fetal mortality, coma and serious
affection in central nervous system (Yokoyama, 2018).

Early year, Iraq import seed polluted by mercury and as consequence 500
persons passed away at least and 6,500 went into hospital with similar

symptoms by Hg poisoning (Jernelov, 1976).
https://revistas.uas.edu‘mx/®
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Another case of study by biomagnification of Cd in nature was the Itai-
itai disease, was observed in patient were expose to Cd enrichment rice,
and some toxic effects were osteomalacia and osteoporosis and cancer
(Friber et al., 1971). The disruption in Ca metabolism caused painful
fractures accompanied by severe bone pain and renal tubular
disfunction. (Friber et al., 1971). Similarly, Cd poisoning was
documented by Aoshima (2016) with similar symptoms in intoxicated
patients.

Recently on December 1999, 410 patients were officially diagnosed or
suspected of having Itai-itai disease (Friber et al., 1971, Nogawa, 1996,
Aoshima, 2012) Since then, 380 patients have died of the condition; 85 of
these patients underwent autopsies performed in Toyama University
Hospital (Kitagawa, 2002). As recently as 2000, 20 new cases (1 man and
19 women) were officially recognized by the local government of
Toyama. (Aoshima, 2012) These cases reflect a large Cd body burden
originated from past environmental Cd exposure by the contaminated
Jinzu River in Toyama, Japan (Nishijo etal.,2017).

For these experiences, it is very important to know how food webs are
built up, and which species are involved in, and determinate the path of a
pollutant takes out to reach upper trophic levels in order to understand
process of biomagnification or biodilution in food webs. In order to
evaluate this phenomenon is important to determine TP by stables
isotopes and stomach content to build the food web up.

Iv. Stables isotopes and Food webs.

Definition:

Are atoms of the same element, however, is different only in the number

of neutrons in the nuclei of these atoms. This fact is illustrated in Fig. 2.
Wherein N isotopes differ in the total content of neutron in each one
isotope (i.e. 8''N: 7 neutrons, 8" N: 8 neutrons, 5 °N: 9 neutrons).

Almost all elements in nature are stable, but there are some exception
U™, U™, To™ K, Cd'", CD" and others. The most commonly light

stable isotopes used as tracers in trophic ecology research are:
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Carbon: “C and"C (Nier, 1950)

Nitrogen: “Nand "N

Oxygen: ‘0, "0, *O.

Sulphur: *’S, S, *S, *S.

Hydrogen: 'H, °H.

Fry et al (2006) reviews in his book the basis of Carbon and Nitrogen
stable isotopes for your knowledge.

Isotope Notation and Measurement

Stables isotopes have their own special notation. The 6 values denote a

difference measurement made relative to standards during analysis:

1)] * 1000 Formula 1

8" X= [(R sample/ R e~
Wherein:

H: Heavy isotope signal

X: Carbon or Nitrogen isotopic signal

Rg,.p: Ratio of light/heavy isotope

R, Quotient for Carbon or Nitrogen standards.

The standards used for the isotopic composition are: PeeDee Belemnite
(PDB) for Carbon and Nitrogen Air for Nitrogen. The Quotient for light
carbon/heavy carbon and light nitrogen/Heavy nitrogen are 0.011180
and 0.0036765 respectively (Fry, 2006). This data is used in the formula
1 above mentioned to solve delta value up in the calculi.

Both ratios of “C and "C and "N, and "N are used to identify carbon
sources in the food web, being autochthonous or allochthonous, the

origin of carbon source (Doi, 2009).

Stable isotopes are excellent option as environmental tracers and there
are a range of exciting applications of stable isotopes in environmental
research particularly on trophodynamics in food webs. There is
considerable interest in using stables isotopes particularly those of
nitrogen and carbon, to evaluate the structure and dynamics of
ecological communities Peterson and Fry 1987, Kling et al. 1992,
France 1995, Vander Zander etal. 1999, Postet al. 2000).
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Fig.2. Nitrogen isotopes 16N,15N,14N shown differ on the number of neutrons in nucleus
of their atoms.

One advantage of using stable isotope techniques is that they combine
benefits of both the trophic-level and food web paradigms in food web
ecology (Fry, 2006, Post, 2002). Many studies use trophic levels because
they are simple to define, characterize the functional role of organisms,
and facilitate estimates of energy or mass flow through ecological
communities (Hairston and Hairston 1993, Jara-Marini et al., 2009,
Soto-Jiménezetal.,2011).

In contrast, food webs capture the complexity of trophic interactions in
ecological communities, but are time-consuming to construct, often
subjective in their resolution and scope (Post, 2.002), and typically hold
all trophic links to be of equal importance, which makes them ineffectual
for tracking energy or mass flow through ecological communities
(Hairston & Hairston 1993, Polis & Strong 1996, Persson et al., 1999,
Vander Zanden and Rasmussen 2001, Post, 2002).

Stable isotope techniques can provide a continuous measure of trophic
position that integrates the assimilation of energy or mass flow through
all the different trophic pathways leading to an organism (Post, 2002).
Stable isotopes have the potential to simultaneously capture complex
interactions, including trophic omnivore guild and tracking energy or
mass flow through ecological communities (Peterson and Fry 1987,
Klingetal.1992, Cabana and Rasmussen 1996 ).

The ratio of stable isotopes of nitrogen (8" °N) can be used to estimate
trophic position because the §°N of a consumer is typically enriched by
3—4%o relative to its diet (DeNiro & Epstein 1981, Minagawa & Wada
1984, Peterson & Fry 1987). In contrast, the ratio of carbon isotopes

(6"°C) changes just a few (1%o) as carbon moves through food webs
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(Rounick & Winterbourn 1986, Peterson & Fry 1987, France & Peters
1997) and, therefore, typically can be used to evaluate the ultimate
sources of carbon for an organism when the isotopic signature of the
sources are different (DeNiro & Epstein 1981, Minigawa & Wada 1984,
Peterson & Fry 1987).

V. Trophic position (TP) using Carbon and Nitrogen Isotopes
According to Hobson & Welch (1992). The simplest model for
estimating the Trophic Position (TP) of a secondary consumer is:

~-3"°N

TP: =X+ ("N )/A, Formula 2

secondary consumer base

Wherein:

). is the trophic position of the organism used to estimate §"N,, (e.g., A=
1 for primary producers)

5"N
5"N

A,:is the enrichment or fractionation in §°N per trophic level (3.49%o.)

is the isotopic sign recorded in muscle predator

secondaryconsumer:
e 180tOpIcC sign of potential prey

In general, consumers are enriched in the heavier isotope (more positive
in 8" N signal) relative to their food resource (Post, 2002, Fry, 2006).
Because these isotopes are assimilated into an organism's body over
time, they provide a more quantitative measure of resource use over time
than other techniques such as gut content analysis or direct observation,
which produce only a snapshot of what the organism most recently
consumed (Hobson & Welch 1992, Post, 2002, Fry, 2006).

VI Fractionation:

The simplest way to understander fractionation process is a modification
in Carbon and Nitrogen stable signal recorded in tissues of predators
(Hobson & Welch 1992, Post, 2002, Fry, 2006).

Once the organisms feed on another, -Carbon and Nitrogen are

incorporated into the tissue predators-, displaying an increase in Carbon
and Nitrogen signal in predator compared to it is diet. Being in the range
of 1.5%o for Carbon and 3.0 to 4.0%o for Nitrogen isotopic signal (Vander
Zander & Rasmussen, 2001).

This increase in the isotopic signs allows us to build the food web up.

Increasing the nitrogen signal as increase the trophic level in the food
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web (Vander Zander & Rasmussen 2001Post, 2002, Fry, 2006). This
makes the nitrogen isotopes particularly useful in interpreting where an
organism sits in the trophic structure of an ecosystem. Given the Nitrogen
enrichment between trophic levels, an organism highly enriched in
relation to basal food sources is likely to be higher in the food chain than
herbivores (which feed directly on the plants) or omnivores (which feed
on both plant and animal matter). Carbon isotopes are used to identify
autotrophic sources which support the whole ecosystem, nitrogen
isotopes are used to identify the trophic levels of the ecosystem (Hobson
& Welch 1992, Post, 2002, Fry, 2006).

Relative enrichment with increasing trophic level often allows a better
interpretation of dietary relationships than gut-content analysis alone
because isotope ratios record material that is actually assimilated
(Adams & Sterner, 2000).

Stable isotopes are becoming a standard analytical tool in food web
ecology. Differences in carbon and nitrogen isotope ratios between
consumers and their diet provide information on energy flows, nutrient
sources, and trophic relationships. Typically, carbon provides
information on the primary energy source (e.g. benthic vs. pelagic
photosynthesis), while nitrogen allows discrimination among trophic
levels (Post 2002).

In figure 3. We used carbon and nitrogen stable isotopes to draw the food
web in a lagoonal-sturine system in the Gulf of California. We analyzed
primary producers (phytoplankton and macroalgae), primary
consumers, Secondary consumers and tertiary consumers in order to
realize how is structured the food web in our sampling location.

The carbon and nitrogen signals ranges for Primary producers

(Phytoplankton, macroalgae: Caulerpa spp, Gracilaria vermiculophyla)
from -20.85+1.93 to -19.78+£1.93 and 6.5+1.76 to 7.77+£0.99
respectively.

Followed by primary consumers (Zooplankton, Bivalves: Crassostrea
cortiziensis and Mytella strigata, snail: Litorinna pintado and worm:
Streblospio benedecti) with carbon signal of -23+0.8 to -20.12+1.25. In
the case of nitrogen isotopes; is possible to observe a substantial increase

in nitrogen signal compare to Primary producers (mean value from 7.01
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to 10.58) indicating the process of fractionation by predator and
elucidating the second trophic level. (Fig. 3)

Some secondary consumers were collected (shrimp: Penaeus vannamei,
Blue Crab: Callinectes sapidus and hermit Crab: Petrochirus
californiensis) carbon and nitrogen stables isotopes values range from -
21.18+0.20to-14.70 and 12.8040.20 to 16.50+0.20 for nitrogen isotopic
value. Similarly to low trophic levels, nitrogen isotopic signal increase
from (10.58 to 15.04) elucidating an upper trophic level compared to
secondary consumers. Same tendency was observed for tertiary
consumers (Acchirus mazatlanus, Cyclopseta querna, Isophistus
remifer, Pomadasys branickii) Carbon and Nitrogen values of -
16.37+1.12 and -14.87+0.70 and 15.21+0.33 to 18.78+0.30 respectively
(Fig. 3).

Using formula 2 by Hobson & Welch (1992), it was possible to
determinate the trophic level wherein species sit on the food web.
Trophic level 1 corresponding to primary producers followed by trophic
position 2, for primary consumers. In the case of secondary consumer
was possible to find TP of 3.58 to 3.90. Finally, the highest TP was found
in tertiary consumers (TP of 3.5 to 4.57). Being Pomadasys branickii the
top predator under this scenario analyzed by carbon and nitrogen
isotopes.

It is worth to mention, this study did not count with stomach content to
describe the potential prey in each predator, using both vegetable and
animal tissues was possible to elucidate the food web. However,
integrating the whole vision of stables isotopes and stomach content
would be possible to construct a robust view of food web and notice who

eats whom in nature.
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Fig. 3. Range of "C and “N for marine organisms of an estuarine system according to an

isotopic trophic position equation (Hobson & Welch 1992), 3.4%o of N enrichment was used.

Both C and N stables isotopes and stomach full content analysis will
provide real insight of how biota are interconnected by ecological nodes
developed by feeding habits. However, this is not enough, so far, we have
recognized the structure of food web, another issue is determining which
dietary nitrogen source is the predominant in a predator considering
abiotic (Dry and rainy season, salinity, temperature) ad biotic (age, size,
gender) factor in food transfer. In order to solve this dilemma, some
lineal equations are used for this purpose (Moore & Semmens, 2008,
Phillipsetal.,2014).

VII. Mixing models method for determination of source proportion.
Almost all predators are opportunistic predators and sometimes they
might change their source of protein (preys) according to their seasonal

availability, abundance and shortage (Fry, 2006). Some crustaceans, fish,

and birds may have at least 2 sources of protein when they feed on them
(Moore & Semmens, 2008, Phillips et al., 2014). And as a consequence,
both "C and "N isotopic signals are incorporated into edible tissue of
predator (Pry, 2006, Phillips et al., 2014). In the past, we could infer the
diet by stomach content analysis, actually it is possible to determine
which source in predator is more significant according to isotopic signals

of Nitrogen sources using some lineal equations (Phillips et al., 2014,

Moore & Semmens, 2014). @
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The Mixing models are mathematical lineal aquations used to determine
the proportional contribution of sources to a predator. And allow to
calculate the proportion of sources as food to a predator which feed on
them (Phillips etal., 2014, Moore & Semmens, 2014).

Assuming a “N fractionation of 3.4%. and using a mixing model
program MixSir (Moore & Semmens, 2014) is possible to determinate
the relative proportion (per cent) for each dietary source of any predator
assuming the fact that predator is feeding of these sources.

VIII. Case of study: Predator feeding of 3 sources of protein

The Sardine (4Anchoa mundeola), is well known by its filtering feeding
guilds of these three sources: Phytoplankton, Zooplankton and Seston.
Unfortunately, it was not possible to take a look to stomach content in
sardine, so in order to identify which source is reflected in tissues of
predator, using carbon and nitrogen signal and the MIXSIR program was
possible to identify the major relative contribution on sardine feeding on
these three sources of food.

We used Carbon and Nitrogen isotopes signals to feed the MixSir
program and this software will solve the lineal equation resulting in a
relative proportion and allow us to realize about the real contributions of
sources to predators.

The result of relative contribution of sources to sardine was
Phytoplankton (10%), Zooplankton (80%) and seston (10%). Despite
being feeding on 3 sources, zooplankton is the principal source reflected
in edible tissue of sardine. Indicating a preferential diet based on
zooplankton make up principally of copepods (80%) in this lagoonal-

estuarine system (Fig. 4)

This trophic feeding scenario might change according to environmental
factors (temperature, salinity, rainy and dry seasons). By the paragraphs
mentioned above, sampling is required over the year or years for

determinate any kind of fluctuation.
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Fig. 4. Relative contributions of three sources: phytoplankton, zooplankton and seston
as food source for sardine.

VIIII. Pollutants and Food webs in nature

As increasing human population on coasts, the impact of anthropogenic
activities on the food web is high too. Some principal anthropogenic
activities developed near to coast are industrial and domestic wastewater
effluents, animal cattle, electricity power plant, aquaculture and
agriculture (Paez-Osuna et al., 2007) releasing pollutants particularly
heavy metals, microplastics, pesticides and others to lagoons, estuaries
and oceans (Jara-Marini et al., 2009, Jara-Marini et al., 2011, Soto-
Jiménezetal.,2011).

Heavy metal definition:

Heavy metals are defined as a substance that conduce electricity, has a
metal cluster, is malleable and ductile, form cations and has basic oxides
(Jadaa & Mohammed, 2023) Since the point of view of density, heavy
metals are those, whose density exceeds 5g per cubic centimeters (Jadaa
& Mohammed 2023).

Since biological point of view, metals are considered as essential and not
essential. The essential metals have a definitive biological function in the
organisms such as: Iron (Fe: hemoglobin), Copper (Cu: respiratory
enzymes), Cobalamin (Co: Vitamin B12) Manganese and Zinc
(Enzymes) (Foster & Charlesworth, 1996, Soto-Jiménez 2011).

In spite of being essential metals, they are becoming toxic to organisms

when they exceed the optimal range of concentrations in biota. (Mertz,

1998). For the other hand, elements such as Cd, Pb, Ag, As, Cr, Hg, and@
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Sn are not essential for organisms, and they are toxic even in very low
concentrations (Rainbow, 1993).

Heavy metals are incorporated mainly into food webs by dietary routes
(Wang 2002). They might be bioconcentrated by single cells as
phytoplankton, adsorbed on cell membrane (Levy et al., 2008), or
suspended organic matter (Yusuf et al., 2021). Bioaccumulated by
ingesting this polluted phytoplankton by herbivorous predators and
subsequently transferred to secondary and tertiary consumers and upper
trophic levels.

IX. Current knowledge of contaminants on the food webs.

Once stablished the trophic web (by using stables isotopes and/or
stomach content analysis) in an ecosystem is very important realize how
pollutants are transferred in this ecological arrangement. There are
hundreds of scientist papers regarding to bioconcentration,
bioaccumulation, biomagnification or biodilution on food web (for
definitions, see Glossary). However, these ecological studies have been
carried out in terrestrial, polar artic and freshwater environments
wherein food chains are short compared with those of marine
environments and commonly supported by two or three carbon and
nitrogen sources as a base of food web (Pimm et al., 1991). And it is so
difficult trying any comparison between field studies due contrasting
chemical and physical factors, species discrepancies and others (Soto-
Jiménez, 2011).

Nowadays, there are some publications on trophic transfer of heavy
metals on the food web using or not stables isotopes (Table 1, Table 2).
Some worldwide findings reported in these papers were number or

trophic levels in food webs (4 — 5 trophic levels) (Hobson and Welch

1992), bioconcentration of heavy metals in primary producers (Levy at
al., 2008), bioaccumulation of metals in primary, secondary and tertiary
consumers. Biomagnification of essential elements and no essential (Cd,
As, Hg) and biodilution of Cd, Pb and As. (table #1).

Actually, Mexico has done good efforts to understand the trophic-
dynamics of nutrients and metals in food webs (Table #2). These studies
have been developed in coastal lagoon, estuaries, and wetland. It is worth

noting that fluctuant physical and chemical factor affects the isotopic

Cimar 2025, 09 https://revistas.uas.edu.mx/index.php/CIMAR https://revistas.uas.edu‘mx/@



Pl ciMAR uas

signal in biota and may change lit bite trophic position or carbon and
nitrogen sources preferences by predators (for this reason is required to
take samples in contrast season: dry and rainy season). In spite of this
scenario, it is possible to track the pollutants along the food web, and
focus on key species to transfer the major load metal to upper predators.
Some findings found in Mexican scientist papers include
biomagnification of trace metal in an impacted mangrove System (Jara-
Marini et al., 2011), biodilution of essential and no essential metals
(Reyes-Marquezetal., 2022). Mendoza-Carranza et al., (2016) elucidate
two food chains: pelagic and benthic food chain. By using stables
isotopes, was possible de built up the food web in different locations and
recognizing 3-5.3 trophic levels (Jara-Marini et al., 2020, Soto-Jimenez
etal.,2023).

Table 1. Transfer of heavy metals using or not Stables isotopes around the world.

Authors: Location: 813C / 85N Stables Findings:
isotopes:

Hobson & Welch Artic Food Web, Done 4-5 trophic levels

(1992) Canada Artic code fish s
linkage between
primary producers
and higher
vertebrate fish.

Chen et al_, (2016) Lakes from None Biomagnification

nor'easter USA of Hg and Zn.

Biodilution of As
and Pb.

Altindag & Yigit Bevsehir lake, None Found the next

(2003) Turkey tendencies:
Cd=Pb>Cr=Hg in

water
Pb=Cd>Cr>Hg in
sediments
Pb=Cd>Cr=Hg in
Plankton
Cd>Pb>Cr>Hg in
muscle fish

No

biomagnification of @
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Tulonen et al . Lakes from Finland

(2006)

Cui etal_ (2011) Yellow river,
China

Lietal. (2019) Laizhou Bay.
China

Gaetal., (2021) Liaodong Bay,
China

Zheng etal., (2023) Zhanjiang
Mangrove National
Reserve, China

Hu, etal., (2021) Swan Lagoon,

China

None

Done

Done

Done

Done

Done

heavy metals.
Positive correlation
between Cd load
and waste
discharges.
Correlation
between pH and Cd
concentration in
1sopods.

High metal
concentration in
perchs (perca
Swviatilis).

4 trophic levels.
Cd. Zn and Hg
increasing with
trophic level

As Cr, Cu, Mn, Ni
and Pb decreasing
with trophic level.
No
biomagnification
was observed.

4 Trophic levels.
Biomagnification
of Hg and Cr.
Biodilution of Cu.
4 trophic levels.
Biodilution of Cu,
Cd.Pb, Zn_ Cr.

3 trophic levels.
Biodilution of Cd,
Cu, Zn and Pb.

4 Trophic levels.
Biodilution of Cd,
Cr, Cu, Pb.
Neither
biomagnification
nor biodilution was
observed in Zn

concentrations.
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Liu et al._ (2022)

Lietal. (2024)

Laizhou Bay,
China

Honghe wetland,
China

Done

Done

4 trophic levels.
Biodilution of Pb,
As and Ni.

Sea food in this
study 1s a potential
concern for its
consumption.

5.5 Trophic levels.
Biodilution of Cu,
Zn and Pb.
Biomagnification
of Hg along food

web.

Table 2. Currently knowledge of trophic transfers of heavy metals in food webs in lagoonal,

estuarine and marine environment in several locations of Mexico.

Authors:

Jara-Marini et al_,

(2009)

Mendoza-Carranza

et al. (2016)

Soto-Jiménez et al._

(2011)

Location:

Urias Lagoon,

Sinaloa

Centla, Tabasco

Trophic transfer of
Pb through
artificial food
chain, laboratory

conditions.

813C / 8N Stables
isotopes:

Done

None

None

Findings:

No
biomagnification
trough food web.
Theres partial
biomagnification
between
Phytoplankton and
crabs particularly
in Cu and Zn.
Botton food chain
15 the principal
source of metal to
biota.

Biodilution of Pb
along food chain
Deleterious effects
on brine shrimps
and fish by
ingesting Pb
enrichment in

meals.
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Jara-Marini et al., Unas Lagoon,

(2011) Sinaloa

Tobari Bay, Sonora
Jara-Marimi et al |

(2020)

Reves-Marquez et Tampamachoco,
al., (2022) Veracruz
Soto-Jiménez et al., Mazatlan,
(2023) Teacapan, Sinaloa
Valladolid-Garnica Mazatlan,

etal, (2023) Teacapan, Sinaloa

Done

Done

None

Done

Done

Biomagnification

of Hg

3.3 trophic levels
Biomagnification
of Cd, Cu, and Zn.
Data on Pb transfer
1s not conclusive
Biodilution of Pb,
Cu, Cr as trophic
level increased.
Cd and Pb showed
temporal
biomagnification
tendency.

3 Trophic levels
Biomagnification

of Cu and Zn.

Trophic
Magnification
factor (TMF) for
As Hg, Se, was
4.07, 190 and 1.77
respectively.

TMEF for pelagic
food chain was

As Hg and Se:
3.63,3.16, 1,94

respectively.
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X. Conclusion:

As scientists, it 1s required to unify all criteria and efforts to understand
how natural aquatic ecosystems are integrated. Since the beginning the
curiosity to find a logical order in nature has been an imperious necessity
to explain how nature works. Good efforts have been made to satisfy this
proposal. Visual analyses in species: animal behaviors and feeding
guilds have been used for study the food webs. Recently, stomach
content and stables isotopes are employed to hierarchy food webs. These
tools provide by themselves an excellent panorama of the ecological
hierarchy in the environment. Besides, allow us to analyze some
pollutants inside of food webs such as microplastics, organic compounds
and particularly heavy metal in food web. Every day, species requires to
satisfy their nutritional requirements (Carbon, hydrogen, Oxygen,
Nitrogen) and at the same time facing anthropogenic pollutants which
are incorporated in predator by dietary ingesta, and a as a consequence
producing a trophic transfer of nutrients and pollutant at the same time.

A keystone for the analysis of transference of heavy metals is to intent to
predict the chemical behavior of pollutant along the food web, for
instance Hg and its preference of bioaccumulate in adipose tissues, or Pb
metal, mimic to Ca in hard structures, such as skill and bones. Besides,
recognize some sublethal effect of metal in prey and predator as a
biomarker in the monitor species and as a signal of perturbance of
ecological equilibrium in nature. So far, there is a gap in knowledge on
trophic dynamic in food webs. Ecologist and Biologist and Scientist
must join efforts to clarify the real panorama of trophic dynamics it will

be possible to take a plan for restauration or prevention of other

contaminants such as PCBs, metals, microplastics and another

compounds.
Glossary terms:

Bioconcentration: is a ratio between heavy metal content in an
organism and the available metal content in the environment (sediment
or water).

Bioaccumulation: is the process wherein heavy metal is incorporated in

to animal tissues by predation or dietary via.
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Biotransfering: is the process wherein predator increase its metal
content by predating on polluted preys. There are different forms of
transferring in nature.

Biomagnification is defined as a chemical and physiological process
wherein heavy metals concentration increase as trophic level rise in at
least 3 trophic levels.

Biodilution is the reduction of heavy metal concentration in plants and

animals as trophic levels increase.
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Plasticos en peces marinos
del Pacifico Oriental:
una revision

Plastics in Marine Fish from
the Eastern Pacific:
a Review

El objetivo del estudio es dar un panorama general acerca de los
plasticos de diversos tamafios en elasmobranquios y teleosteos del
Océano Pacificio Oriental y discutir acerca del uso de los bioplasticos
como alternativa potencial al uso de los plasticos derivados del petroleo.
Se incluyeron estudios realizados en las costas del occidente de América
(Areas de pesca definidas por la FAO: Pacifico noreste-PNE, Pacifico
oriental central-PEC, y Pacifico sureste-PSE). El niumero de
elasmobranquios con plasticos en todo el Pacifico Oriental fue de 361
(165 en el PEC y 196 en el PSE); el tamafio de las particulas fluctud de
0.008 mm a 25.5 cm. El numero de teledsteos con contenido de plasticos
en todo el Pacifico Oriental fue de 5,943 (2,946 en el PNE, 2,615 en el
PEC y 382 en el PSE); el tamaiio de las particulas varié desde 10 um
hasta 19.86 mm. Los bioplasticos pueden ser una opcion benéfica con
respecto a los petroplasticos debido a su menor huella de carbon, menor
requerimiento energético durante su manufactura, no utilizacién de
petréleo crudo, reduccion de los desechos y tiempo de degradacion

menor.

Palabras clave: bioplasticos; efectos; Pacifico Oriental; elasmobranquios; teledsteos
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C ABSTRACT

This study aims to give a general view of the plastics of varying sizes in
elasmobranchs and teleosts from the Eastern Pacific Ocean and discuss
the use of bioplastics as a potential alternative to the use of plastics
derived from petroleum. We included studies in fish from the western
coasts of America (FAO fishing areas: Pacific northeast-PNE, Pacific
Eastern Central-PEC, and Pacific southeast-PSE). The number of
elasmobranch specimens with plastics in studies from the Eastern
Pacific was 361 (165 in the PEC and 196 in the PSE) with particle sizes
from 0.008 mm to 25.5 cm. The number of teleosts with plastic content in
the Eastern Pacific was 5,943 (2,946 in the PNE, 2,615 in PEC, and 382
in the PSE) with sizes from 10 pm to 19.86 mm. Bioplastics may be a
beneficial choice over petroplastics due to their lower carbon footprint,
lower energy requirement for their manufacturing, no use of crude oil,

reduction of litter, and faster degradation time.

Keywords: bioplastics; effects; America; Eastern Pacific; elasmobranchs; teleosts

©C INTRODUCTION

Plastics may reach the ocean directly or indirectly. Land sources
contribute to approximately 80% of the plastic in marine litter (Andrady
2011); especially from littering and solid waste disposal (Derraik 2002).
Plastics in untreated sewage and in not properly disposed litter can be
directly discharged into the marine environment or transported by rivers
(Hammer et al. 2021). Plastics from other land activities are also
transported through rivers (Cole et al. 2011). In industrialized regions or
densely populated areas, the main inputs of plastic litter are composed of
packaging materials (Gregory 1991). Considering the long-lasting
nature of plastics, it is important to bear in mind their accumulation in the
marine environment. Information related to the cumulative production
of plastics is scarce, especially on a regional and global scale. A global
analysis of all mass-produced plastics ever manufactured was made

using data on their production, use, and fate; it was estimated that 8300
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million metric tons (Mt) of virgin plastics have been produced to date
(Geyeretal. 2017). By 2015, around 6,300 Mt had been produced, 79%
had been accumulated in landfills, 12% was incinerated and only nine %
was recycled (Geyer et al. 2017). Though plastics are resistant to
decomposition and stay for long periods in the marine environment
(Peng et al. 2020), the breakdown of big pieces may result in meso-
plastics [size of 5-40 mm] (Thompson et al. 2004), microplastics [size 1-
5,000 pum] (Thompson 2015), and nanoplastics [size < 1 um] (Gigault et
al. 2018). Microplastics that are manufactured for specific applications
in the industry or household use are termed primary microplastics (Auta
etal. 2017), larger plastics that eventually divide into smaller pieces are
known as secondary microplastics since they eventually become
microplastics (Norwegian Environment Agency 2015). With the trends
of plastic production and waste management, it has been estimated that
by 2,050 around 12,000 Mt of plastic waste will be located in landfills
and the natural environment (Geyer et al. 2017). Microplastics in the
marine environment have increased their concentrations in the last
twenty years (Claessens et al. 2011); however, other authors have
indicated minimum changes in microplastic contamination between the
1980s and the 1990s (Thompson et al. 2004). Consequently, studies
concerning the occurrence, fate, and trends of plastic accumulation in
the marine environment are needed. Such studies are challenging due to
the enormous variability of plastic abundance in the ocean (Ryan et al.
2009). In this study, we aimed to give a general view of the presence of
plastics of varying sizes in ichthyofauna from the Eastern Pacific Ocean
and comment about bioplastics as a potential alternative to the use of

plastics derived from petroleum.
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2. Plastics in the ocean

Once that plastic debris are in the ocean, their fate is variable but surface
currents lead them to different destinations. On a global scale,
oceanographic modeling has helped to track plastic movement and
accumulation (van Seville etal. 2015). Such movements have resulted in
the accumulation of plastic patches; in fact, plastic debris that are
floating have been accumulating in subtropical gyres (Lebreton 2022).
Patches in the ocean include plastic and other type of garbage that
accumulate in large areas (Filho et al. 2021). Such patches are formed as
a consequence of ocean gyres. There are six gyres, the North Pacific
Gyre, the South Pacific Gyre, the East Pacific Gyre, the North Atlantic
Gyre, the South Atlantic Gyre, and the Indian Ocean Gyre (NOAA
2021). The Great Pacific Patch is located in the North Pacific Gyre and is
the largest garbage patch in the world with an estimated area of 1.6
million km’ (Lebreton et al. 2018). The major fishing areas in the world
cover all oceanic regions, in this review, we include information on
plastic occurrence in fish from FAO fishing areas (FAO 2015), we
included studies in fish from the waters in contact with the western
coasts of America (Fig. 1), from Alaska to Chile (FAO fishing areas:
Pacific northeast, Pacific Eastern Central and Pacific southeast). Though
some estimations of floating plastics in the ocean exist (Geyer et al.
2017; Jambeck et al., 2015), they account for approximately 1 % (Egger
et al. 2020); i.e. the fate of the remaining amount of plastic is unknown.
According to a model prediction, an elevated percentage (66 %) of
plastics released from land since the decade 1950 has settled in different
coastal areas in the world and eventually resurfaced (Lebreton et al.
2019). This issue has relevant implications for the accumulation of

plastics of varying sizes in benthic and pelagic fish.
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Fig. 1. Location of FAO Major Fishing Areas in the Eastern Pacific. Pacific Northeast (PNE),
Pacific Eastern Central (PEC) and Pacific Southeast (PSE).

C MATERIALS AND METHODS

Information related to the occurrence of plastics in teleost and
elasmobranchs from the Eastern Pacific was obtained after searching
published information through search tools (i.e. Google Scholar, and
Scopus). Three regions were considered according to FAO Major
Fishing Areas (Fig. 1): the Pacific Northeast (PNE), the Pacific Eastern
Central (PEC), and the Pacific Southeast (PSE). For every published

study, the following information was included: species and family of

teleost/elasmobranch, the polymer type, the tissue analyzed, and the @
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average number and size of plastic particles. To determine variations in
the number of studies related to plastic content in teleost /elasmobranchs
from the Eastern Pacific, studies were arranged according to the
publication year. Plastic counts in teleost /elasmobranchs from the
different FAO Fishing Areas were statistically compared. Differences in
the mean concentration of plastics in the digestive tract of bony fish and
elasmobranchs and different FAO zones were analyzed using a one-way
ANOVA (Glantz 2012), with the plastic abundance as the dependent
variable, and the FAO zone as the categorical factor. Homocedasticity of
variances was checked with a Cochran’s C test (Underwood 1997), and a
Tukey's HSD test (Glantz 2012) was used for pairwise mean comparison
in case of significant results. Spatial ingested plastic variations between
FAO zones and elasmobranch and teleosts were assessed through
multivariate analyses (PERMANOVA and PCoA) according to the
factors zone and type of fish (elasmobranch or teleost). A similarity
matrix of plastic abundance between factors was constructed using the
Bray-Curtis similarity. A permutational multivariate analysis of
variance (PERMANOVA; Anderson 2017) was performed on the
similarity matrix to test the H,: the microplastic abundance between
zones and species is not different, with a significance of p <0.05. To
reduce type I error, a Bonferroni test was applied by dividing a. (0.05) by
the number of comparisons. To visualize how the species and FAO areas
clustered according to the plastic content, in case of statistical
differences, a Principal Coordinate Analysis (PCoA; Clark et al. 2020)
was performed. This analysis allowed us to determine which features
best-explained cluster separation through a two-dimensional scatterplot.
The importance of a given species on any FAO zone was indicated by the
trajectory of the vector, so both axes have a scale from -n to n, with a
centroid of value 0,0 where all the points should be if the null hypothesis

was true.

4. Plastics in marine fish from the Eastern Pacific
The total number of elasmobranch families in the Eastern Pacific was
four (Table 1 see the end of this text). Elasmobranch families

Urotrygonidae and Alopiidae were represented by two species;
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Carcharhinidae and Sphyrnidae had reports of only one species. Fibers
were the most commonly found plastic type. The plastics were
determined in the digestive system.

The number of elasmobranch specimens with plastic particles in studies
from the Eastern Pacific was 361 (165 in the PEC and 196 in the PSE). In
PEC, plastic particles were reported in two species; in PSE reports
corresponded to five species. Average plastic particles per specimen
were in the same magnitude order following the sequence PEC (5.17
particles) and PSE (2.34 particles). In these reports, particle size was
highly variable, from 0.008 mm to 25.5 cm. As apex predators, sharks are
susceptible to accumulating plastics with prey ingestion (Bernardini et
al. 2018) but also through water during horizontal and vertical
migrations. Reports of plastic occurrence in elasmobranchs from the
Eastern Pacific are scarce though published studies show that these
species are susceptible to environmental pollution (Pinho et al. 2022;
Malthaner et al. 2024). The issue of plastic presence in the marine
environment is a relevant topic because such particles contain additives
that are eventually released and may produce deleterious effects;
additionally, plastic particles may carry diverse pollutants such as
polychlorinated biphenyls (PCBs), dioxins, and metals (Alfaro Nufez et
al. 2021). Moreover, predator species may contain plastics from
secondary ingestion; i.e. plastic particles that are inside prey, and this
issue has been scarcely studied (Markic et al. 2018). The total number of
teleost families was 50 (Table 1). Families with more species reporting
plastic particles in the Eastern Pacific were Carangidae (eight species),
Clupeidae (six species), Engraulidae and Scombridae (five species).
Fibers were the most commonly reported type of plastic. All reported
plastics were found in the digestive system. The total number of
individuals with plastic content in the Eastern Pacific was 5,943 (2,946 in
the PNE, 2,615 in PEC, and 382 in the PSE). In the studied FAO Major
Fishing areas, the PEC had more species reporting plastic residues (78
species), followed by PSE (22 species) and PNE (six species). The
average number of plastics per individual for the studied regions was
PNE (4.13 particles), PEC (4.1 particles), and PSE (4.84 particles). The

plastic size reported in published studies ranged from 10-19.86 mm.
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According to ANOVA, no differences were found between the mean
abundance of plastics between elasmobranchs and teleosts
(F,.17,=0.29174, p<0.05) (Fig. 2), nor between the mean plastic
abundance in different FAO zones for the case of the teleost fish
(F116=0.239426, p<0.05) (Fig. 3). PERMANOVA also indicated that
differences do not exist in the microplastic abundance between species
and FAO zones (Table 2). The PCO (Fig. 4) shows no clear-cut groups
formed according to any of the apriori-defined factors.

Published studies on plastic occurrence in the digestive tract of teleosts
and elasmobranchs from the Eastern Pacific are scarce. In
elasmobranchs the reports are from 2018 to 2022; in teleosts, more
studies have been published and ranged from 2010 to 2023 (Fig. 5a).
Considering all fish species with published studies from the Eastern
Pacific, plastic particles per individual were highly variable (Fig. 5b).

Mean number of plastics
(%]

Elasmobranchs Teleosts
Species

que el original
J

Fig. 2. Mean concentrations of plastic particles in the digestive tract of bony fish and

elasmobranchs from the Eastern Pacific.
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Fig. 3. Mean concentrations of plastic particles in the digestive tract of bony fish and

elasmobranchs from the FAO zones in the Eastern Pacific (PNE, Pacific Northeast; PEC,
Pacific Eastern Central; PSE, Pacific Southeast).
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Fig. 4. Principal Coordinate Analysis (PCoA) of clusters of FAO zones and fish species

according to plastic content.

Source df 58 MS Pseudo-F P-value
FAOQ 2 284.23 14212 0.86905 0.598
Species 1 163.53 163.53 0.478 0.6582
Res 1 163.53 163.53

Total 4 541.57

Table 2. Results of permutational multivariate analysis of variance (PERMANOVA) to test the
null hypothesis (HO) that the microplastic abundance between zones and species is not
different (significance of p <0.05).
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Average plastic particles followed the sequence all elasmobranchs<all teleosts.
In elasmobranchs, the statistical comparison of mean plastic particles per
specimen from PEC and PSE (Fig. 6a) resulted in no significant differences
(p>0.05). In teleosts, differences in mean plastic particles in specimens from
PNE, PEC, and PSE (Fig. 6b) were not significant (p>0.05). After the massive
manufacturing of plastics in the decade of 1940, their production has had a fast
increase (Cole et al. 2011); accordingly, studies related to plastic particles in
marine fish have increased over the last decade due to their environmental
consequences. In the case of fish, diverse studies have highlighted the need to
standardize the sampling and processing protocols (Savoca et al. 2021) to make
more accurate intercomparisons. FAO Major Fishing Areas comprise 19
marine areas (in the Atlantic, Indian, Pacific, and Southern oceans with their
adjacent seas) and seven major inland areas that cover inland waters of the
continents; such areas and related information allow customers of fishing
resources to know the origin of the products, especially in fish markets in
Europe (Garibaldi 2012). In the Eastern Pacific, there are three FAO Major
Fishing Areas (PNE, PEC, and PSE) with variable species diversity,
oceanographic conditions, and sources of plastics. Another issue of concern
about the presence of plastics in the marine environment is that some fish feed
selectively and sometimes they prey on white spherules instead of prey
(Carpenteretal. 1972).
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Fig. 5. (a) Studies related to plastic occurrence in teleosts and elasmobranchs from the Eastern

Pacific from 2010 to 2023, and (b) average number of plastic particles in all teleosts and

elasmobranchs from the Eastern Pacific.
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Fig. 6. (a) Comparison of the amount of plastic particles in elasmobranchs from the Pacific
Eastern Central (PEC) and from the Pacific Southeast (PSE), and (b) among teleosts from the

Pacific Northeast (PNE), the Pacific Eastern Central (PEC) and the Pacific Southeast (PSE).

5. Hot Spots in the Eastern Pacific

Though plastics of varying sizes, types, and chemical composition exist
in the marine environment, some areas may be recognized as hotspots of
marine debris of plastics that turn into problems of entanglement
(Hoiberg et al. 2022) and ingestion (Eriksen et al. 2017) by marine biota.
While more plastics are accumulating in certain areas associated with
ocean gyres, other plastic particles start to sink and eventually reach the
ocean floor that is not exactly below the surface patches. Plastics below
the sea surface are driven by thermohaline currents (Kane et al. 2020)
that eventually end in a deep-sea distribution that produces hotspots on
the ocean floor. On the surface of the ocean, garbage patches are regions
of the oceans where many types of garbage and debris accumulate; such
patches are associated with ocean gyres (Leal Filho et al. 2021).
Considering the FAO Major Fishing Areas in the Eastern Pacific, the
biggest plastic patch in the world (the North Pacific Garbage Patch,
NPGP) is located in the PEC zone. Now there is evidence that vertical
transfer of plastics from the surface to the underlying deep sea is
occurring and is mostly composed of polyethylene and polypropylene
that fall from the surface waters (Egger et al. 2020). For the Eastern

Pacific, it may be said that areas of concern are associated with the North
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Pacific Patch and the South Pacific Patch (Filho et al. 2021). Risks to
marine fauna from entanglement (Thiel et al. 2018) and ingestion
(Boerger et al. 2010; Davison and Asch 2011; Savoca et al. 2021) of
plastics in North and South Pacific gyres in the Eastern Pacific have been
reported. In the case of entanglement, reports indicate that most
interactions occur along the continental coast. There are some exceptions
like the entanglement of the Pacific chub Kyphosus sandwicensis, the
surgeon fish Acanthurus leucopareius, and the Galapagos shark
Carcharhinus galapagensis in the oceanic waters of the southern Pacific
(Thiel et al. 2018). Concerning ingestion, more studies have reported the
occurrence of plastics in diverse regions of the Eastern Pacific; for
example, in the North Pacific Central Gyre around one-third of
planktivorous fishes had ingested plastic (Boerger etal. 2010). In another
research on plastic ingestion by mesopelagic fishes from the North
Pacific Subtropical Gyre, it was estimated ingestion that ranges from
12,000-24,000 t per year; the authors concluded that mesopelagic fishes
from other subtropical gyres have similar rates (Davison and Asch 2011).
In an extensive review of plastic ingestion by marine fish, it was found
that predatory species are the most likely to ingest plastics; in the case of
pelagic fishes, most of them consume plastics below the mixed seawater

layer while most demersal fish species ingest plastic particle in shallow

waters (Savocaetal. 2021).

6. Effects of plastics on fish and mitigation measures
There is a wide range of health issues in fish related to the presence of
plastics in the aquatic environment. It has been mentioned that

entanglements and ingestion of macroplastics generate severe problems
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for marine biota including fish. In the case of microplastics, they may
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(Bond et al. 2014). It is worth mentioning that on a global scale,
management practices have focused mainly on macroplastics (Ogunola
et al. 2018) but management plans directed to mitigate the presence of
microplastics in some regions are non-existent (Seltenrich 2015). The
strategies to reduce plastic pollution may be voluntary or mandatory and
they include preventive (eco-labeling, recycling, bans and imposed fees,
regulatory agreements) and corrective measures (removing/cleaning-up

strategy, behavioral change) (Ogunolaetal. 2018).

7. Bioplastics: a potential alternative

Bioplastics are made from polymers derived from biological sources
such as potato starch, sugar cane, and cellulose from trees and cotton
(Shamsuddin etal. 2017) and gelatine (Prasteen et al. 2018); they include
a family of materials with diverse properties and applications. From a
sustainable perspective, bioplastics show several advantages over
petroplastics; bioplastics have a lower carbon footprint, they require
lower energy costs for manufacturing, they do not use crude oil, less
generation of litter (Pilla 2011), and they undergo faster degradation
since bioplastics require from three to six months for complete
biodegradation while petroplastics need several centuries to disintegrate
(Nanda et al. 2022). In diverse industries bioplastics have the potential to

replace conventional plastics made from oil sources (Nanda et al. 2022);
given their biocompatibility and biodegradability, they are strong
candidates for packaging and biomedical applications (Prasanth et al.
2021).

8. Concluding remarks
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ingestion, more studies have reported the presence of plastics in
planktivorous fish from the North Pacific Central Gyre and mesopelagic
fish from the North Pacific Subtropical Gyre. Entanglement and
ingestion of plastics by fish cause diverse problems; in the specific case
of microplastics, some consequences are tissue damage, oxidative stress,
changes in gene expression, growth retardation, neurotoxicity, and
behavioral abnormalities. The choice of bioplastics is beneficial over
petroplastics due to their lower carbon footprint, lower energy
requirement for their manufacturing, no use of crude oil, reduction of
litter, and faster degradation time. Compatibility and degradability of

bioplastics make them candidates for biomedical and packaging

applications.
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Table 1. Plastic residues in elasmobranchs and teleosts from diverse FAO fishing areas in the

Eastern Pacific

Family Species  Plastic Tissue'o N FAOD Concentr  Plastic Referenc
type rgan fishing ation size e
area range
Elasmobranchs
Carcharh Prionace Fibers Pylorus 23 PEC 015 = 45.87- Huang et
nidae glauca 038 322022 al(2022)
pm
Urotrygo Urobatis  Fibers Gastroin 142 PEC 102 0.00821 Pmhoet
nidae halleri testinal =74) mm to al (2022)
tract 0953
mm
Alopiida  Alopias  NA Digestiv 15 PSE 331 =200 pm  Alfaro-
€ pelagicu e tract Nufiez et
5 al(2021)
Alopiida Alopias  NA Digestiv 15 PSE 3.08 =200 pm  Céceres-
e supercili e tract Farias et
05U5 al(2023)
Carchath Prionace Plastic Stomach 136 PSE 002= 17.5- Fernand
inidae glauca bag content 0.01 2535cm  ez-Ojeda
and
Anastaso
poulou
(2019)
Sphyrnid  Sphyrna  NA Digestiv = 15 PSE 2.85 =200 pum Caceres-
ae lewini e tract Farias et
al (2023)
Urotrygo Uratryg NA Digestiv. 15 PSE 242 =200 pm  Alfaro-
nidae on e tract Nifiez et
chilensis al (2021)
Average of elasmobranchs from PEC 3.95+£5.45(10.2-0.15)
Average of elasmobranchs from PSE 234134 (3.31-0.02)
Average of elasmobranchs 2.94+320
Teleosts
Alepisau  Alepisau Fibers Gastroin 1563 PNE 1 <500 pm Savoca
ridae rus ferox testinal etal
tract (2022)
Ammod Ammody Fibers Stomach 734 PNE 1-9 =500 pum Hipfner
ytidae les et al
personat (2018)
us
Clupeida Clupea  Fibers Stomach 205 PNE 5-27 <500 um Hipfner
e pallasii etal
(2018)
Corypha Corypha Fibers Gastroin 30 PNE 1 <500 pm  Savoca
enidae ena testinal etal
hippurus tract (2022)
Engrauli Engrauli Fibers Gastroin 354 FNE 0.6 <500 pm  Saveca
dae 55pp.t testinal etal
tract (2022)
Salmoni  Oncorhy  Fibers Gut 40 PNE 12 (= <500 pm  Collicutt
dae nehis 1.4) etal
tshawyts (201%)
cha
Average of teleosts from PNE 4.13+6.04 (16-0.6)
Acanthu  Acanthu  Fragmen Gut 24 PEC 15 100-500  Markic
ridae Fus ts, films, LLm etal
fineatus  fibers (2018)
Acanthuy Clenoch Fragmen Gut 27 PEC 1.6 100-300  Markic
ridae aetus ts, fibers, pm etal
striatus films (2018)
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NA
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PSE

PSE

PSE

PSE

PSE

PSE

PSE

PSE

PSE

PSE

PSE

PSE

PSE

PSE

PSE

PSE

0.05(=0.

04)

2.69

2.00

0.03(=0.

03)

2.08

0.1(=0.1

)
1.67

217

0.03(=0.

03)

1.80

2.00

48412,
4.3220.61 (62-0.03)

=200 pm  Alfaro-
Nufiez et
al (2021}

<500 pm  Ory et al
(2018)

=200 pm  Alfaro-
Nudiez et
al (2021)

=200 pm  Céceres-
Farias et
al (2023)

<500 pm  Ory et al
(2018)

=200 pm  Caceres-
Farias et
al (2023)

=500 pm  Ory et al
(2018)

=200 pm  Alfaro-
Nuifiez et
al (2021}

=lmm  Mizraji
etal
(2017)
=200 pm  Caceres-
Farias et
al (2023)
=200 pm  Alfaro-
Nufiez et
al (2021}
=200 pm  Alfaro-
Nifiez et
al (2021}
=200 pm  Alfaro-
Nuifiez et
al (2021}

=200 pm  Alfare-
Nufiez et
al (2021}

<500 pm  Ory et al
(2018)

=200 pm  Alfaro-
Nufiez et
al (2021}

=200 pm  Alfaro-
Nifiez et
al (2021}
54 (61-0.03)

NA. not available; PEC, Pacific, Eastern Central;: PNE, Pacific, Northeast; PSE, Pacific

Southeast; ® Engraulis japonicus and E. mordax
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Criopreservacion
en peces marinos

Cryopreservation
in marine fish

El presente documento es una revision del conocimiento desarrollado
hasta ahora sobre teoria y técnicas sobre criopreservacion de peces
marinos. La criopreservacion se ha consolidado como una herramienta
eficaz en la conservacion del material genético de diversas especies con

relevancia comercial, ecoldgica o que presenten problemas de

extincion. La efectividad del protocolo puede ser determinada mediante

el monitoreo de la calidad y viabilidad de las muestras conservadas en

condiciones criogénicas. Se sugiere explorar el uso y la

comercializacion responsable de semen crioconservado e impulsar el

desarrollo de técnicas para criopreservacion con el objetivo de ampliar
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las herramientas disponibles para su uso en granjas acuicolas.
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C ABSTRACT

This document reviews the knowledge developed to date on the theory
and techniques of marine fish cryopreservation. Cryopreservation has
established itself as an effective tool for conserving the genetic material
of various species with commercial or ecological relevance, or those
facing extinction problems. The effectiveness of the protocol can be
determined by monitoring the quality and viability of samples preserved
under cryogenic conditions. It is suggested that the responsible use and
marketing of cryopreserved semen be explored, and that the
development of cryopreservation techniques be promoted, with the goal

of'expanding the tools available for use in aquaculture farms.

Keywords: Cryopreservation, Fish

INTRODUCCION

La criopreservacion se ha consolidado como una herramienta eficaz en
la conservacion del material genético de diversas especies con
relevancia comercial, ecoldgica o que presenten problemas de extincion
(Magnottietal., 2018; Judyckaetal., 2019). Los beneficios de la técnica
se han visto reflejados en diversas especies marinas de interés comercial
(Paniagua-Chavez et al 2011), principalmente en la optimizacion de
programas utilizados en el cultivo de peces, en la facilidad de
intercambio genético entre centros de produccion de organismos y en el
resguardo de lineas genéticas relevantes para la investigacion enfocada
en el mejoramiento de poblaciones de interés comercial (Cabrita et al.,
2010; Yongshengetal., 2020).

Durante el proceso de la criopreservacion, material bioldgico es
mantenido en ultra-bajas temperaturas (-196 °C) en nitrogeno liquido,
esto con el proposito de bajar su tasa metabdlica sin afectar su viabilidad
y poder restituirla en el momento mas oportuno (Cabrita et al., 2022).
Bajo estas condiciones, el material bioldgico preservado presenta un
estado similar a la animacién suspendida en donde las actividades
bioldgicas de la célula se detienen, incluyendo las reacciones

bioquimicas responsables de la degradacion del ADN (Hagedorn et al.,

2018; Betsy y Kumar, 2020). @
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No obstante, durante este proceso es recomendable tener bajo control los
cambios bruscos de temperatura, la formacién de hielo y el estrés
osmodtico, los cuales pueden comprometer los mecanismos biologicos y
bioquimicos en estos sistemas y ocasionar dafios irreversibles
(Hazevehei et al 2018; Contreras et al., 2019). Por tanto, ¢l uso de
diluyentes o soluciones extensoras (SE), asi como aditivos formulados
especificamente para mantener la viabilidad, conocidos como Agentes
crioprotectores (ACP), son determinantes en los sistemas bioldgicos que
pretenden ser preservados en estas condiciones de temperatura
(Hazevehei et al 2018). Finalmente, la efectividad del protocolo puede
ser determinada mediante el monitoreo de la calidad y viabilidad de las
muestras conservadas en condiciones criogénicas (Medina-Robles et al.,
2020):

Diluyentes

Las SE son diluyentes cuya que poseen la funcion de evitar el deterioro
de las funciones bioldgicas durante condiciones criogénica,
generalmente de caracter especie-especifico (Contreras et al., 2019). La

composicion quimica de estos diluyentes es muy variada, sin embargo,

en el caso de peces, se recomienda esté en funcion de la composicion del
plasma seminal de la especie en cuestion (Bobe y Labbe 2009; Paniagua-
Chavez et al 2011) y precisamente la especificidad de los protocolos se
debe a que las caracteristicas bioldgicas del esperma varian dependiendo
de caracteristicas especificas de los organismos (Magnottietal., 2018).

En espermatozoides de peces, los diluyentes utilizados pueden ser

- ~N simples (1-2 ingredientes) o de composiciéon compleja, cuando se
a OPEN ACCESS mezclan varios aditivos (Betsy y Kumar 2020). Su funcién es mantener

, en estado de inactivacion a estos gametos, controlar el equilibrio
Este es un articulo de

acceso abierto distribuido
bajo los términos de la
Licencia Creative ~Commons

osmotico entre la célula y el medio, asi como los problemas de

Atribucién-No Comercial- contaminacion ocasionados por bacterias (Bobe y Labbe 2009; Trigo et
Compartir igual (CC BY-

NC-SA  4.0), que permite al.,2015).
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que el original

J durante la congelacioén y descongelacion de las células (Bustamante- @
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Gonzélez et al., 2019). Debido a la diversidad bioldgica entre especies
acuaticas, los protocolos de crioconservacion, incluida la elecciéon y
concentracion de los crioprotectores, deben ser especificos para cada

especie (Martinez-Paramo et al., 2017).

Evaluacion de calidad del esperma

Durante la criopreservacion las células estan sometidas a procesos que
causan varias formas de estrés (como el choque por frio, las tasas de
enfriamiento y congelacion, la composicion del diluyente y el estrés
osmotico). Estos procesos provocan ‘“criodafios” las cuales pueden
variar en severidad, desde letales hasta subletales lo que causa una
disminucioén en la calidad del material criopreservado (Boryshpolets et
al., 2020). Es por esto que se han desarrollado varios parametros para
medir la calidad (motilidad) y viabilidad de las células criopreservadas.
Motilidad espermadtica

Lamotilidad espermatica se reconoce actualmente como el biomarcador
mas usado para evaluar la calidad del esperma en peces, ya que refleja la
capacidad de los espermatozoides para desplazarse y, por tanto, la
probabilidad de éxito en la fertilizacién (Medina-Robles et al., 2020;
Ciereszko et al., 2020). Una elevada motilidad, entendida como
movimiento progresivo hacia adelante se correlaciona de manera
consistente con mayores tasas de fertilizacion y eclosion en diversas
especies (Thilak-Pon-Jawahar y Betsy 2020). Ademas, la velocidad de
desplazamiento de los espermatozoides se asocia directamente con su
habilidad para fecundar el 6vulo, dado que este movimiento es
indispensable para que la célula alcance el sitio de la fecundacion
(Medina-Robles et al., 2020; Thilak-Pon-Jawahar y Betsy 2020). Por lo
tanto, el porcentaje de espermatozoides moviles y su velocidad media
constituyen indicadores objetivos y predictivos de la viabilidad
reproductiva post-congelacion (Medina-Robles et al., 2020; Ciereszko
etal.,2020).

Integridad de membrana

En el espermatozoide la membrana plasmatica desempefia un papel

crucial en la regulacion de la concentracion intracelular de iones, lo cual
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es esencial para la motilidad espermatica mediante diversas vias de
sefializacidon, por lo que su integridad es fundamental y se utiliza
ampliamente como un parametro de viabilidad espermatica
(Horokhovatskyi etal., 2016). Los métodos utilizados para la evaluacion
de la integridad de membrana se basan en la tincion dual con colorantes
fluorescentes que permite distinguir entre células con membranas
integras y dafiadas, esto es posible debido a que la membrana plasmatica
esta compuesta por una delgada bicapa lipidica que actiia como barrera
protectora con permeabilidad selectiva lo que causa que las células con
membranas dafiadas permitan el ingreso de los colorantes (Carton-
Garciaetal.,2013; Figueroaetal.,2016).

Integridad de mitocondria

La integridad mitocondrial, por su parte, desempefia un papel esencial en
la funcionalidad espermatica, especialmente bajo condiciones de
criopreservacion. Esto debido a que los espermatozoides de peces
disponen unicamente de reservas de ATP suficientes para mantener la
motilidad por cortos periodos y, por tanto, la calidad de las mitocondrias
y sus reservas energéticas resultan determinantes para el éxito de la
fecundacion (Bustamante-Gonzélez et al., 2019). Durante el proceso de
congelacidn, las estructuras mitocondriales pueden verse drasticamente
afectadas lo que conduce a una disminucion del ATP necesario para el
movimiento flagelar y, por ende, a una pérdida de motilidad (Cabrita et
al.,2022).

Integridad de ADN

La integridad del ADN espermadtico constituye otro pilar fundamental
para la transferencia dptima de informacidén genética a la siguiente
generacion, ya que el espermatozoide debe transportar el ADN paterno
al 6vulo sin que se produzcan rupturas o alteraciones en la cromatina,
pues cualquier dafio en el ADN puede repercutir negativamente en la
fertilidad y en el desarrollo embrionario (Bustamante-Gonzalez et al.,
2019). La criopreservacion, a través de la formacion de cristales de hielo,
el estrés osmotico y el estrés oxidativo, puede inducir dafios en la
estructura del ADN sin necesariamente afectar otros parametros de
calidad como la motilidad (Martinez-Paramo et al., 2009; Gallego y
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Criobancos

La criopreservacion en una herramienta ampliamente utilizada en los
criobancos o bancos de recursos genéticos son instituciones en las cuales
se preserva el material genético de multiples organismos en ultra-bajas
temperaturas. A nivel mundial, operan criobancos como el Frozen Ark
Consortium (Reino Unido), Cryo-Brehm (Alemania), RIFCH Bank
(Republica Checa), CryoAqua (Francia), USDA-NAGP (EE. UU.) y
EMBRAPA (Brasil), que buscan conservar la diversidad genética
principalmente de especies endémicas (Martinez-Paramo et al., 2017).
En México, se ha establecido el Centro Nacional de Recursos Genéticos,
que forma parte del Sistema Nacional de Recursos Genéticos. Los
objetivos del CNRG incluyen preservar y proteger los recursos genéticos
del pais, asi como contribuir y promover el uso ordenado y racional de los
recursos genéticos de México (Paniagua-Chavezetal 2011).

Las investigaciones en crioconservacion han abarcado diferentes formas
de material genético en peces, incluyendo espermatozoides, células
somaticas, células germinales, ovocitos y embriones. Sin embargo, el
material genético mas comunmente crioconservado son los
espermatozoides, esto debido a su pequefio tamafio y relativa resistencia
al enfriamiento, ademas de ocupar menos espacio de almacenamiento
(Medina-Robles etal., 2020; Cabritaetal.,2022).

Criopreservacion de germoplasma de peces marinos

La criopreservacion de esperma en peces marinos se encuentra menos
desarrollada en comparacion con las especies de agua dulce, esto debido
a que la mayoria de las especies marinas cultivadas se reproducen de
forma natural en condiciones de cultivo, lo que reduce la necesidad de
técnicas como la fertilizacidn artificial (Martinez-Paramo et al., 2017,
Cabritaetal., 2022).

No obstante, la criopreservacion de especies de peces de ecosistemas
marinos, ha sido relevante para el manejo de programas de mejoramiento
genético y en la gestion de reproductores que aseguran la produccion del

cultivo de estos organismos (Martinez-Paramo etal., 2017).
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conservacion para distintas especies de peces.

En la siguiente tabla (Tabla 1) podemos observar protocolos
simplificados de criopreservacion de algunas especies de importancia
comercial, en esta tabla podemos observar que, a pesar de que los
organismos pertenezcan a una misma familia, estos varian tanto en la

solucion extender a utilizar como en el agente crioprotectante mas

Tabla 1. Familias con especies que poseen protocolos de criopreservacion. Protocolos de

Familia Especie SE v ACP Dilucion Cita
Luti i Solucion C v 13 Sanches et al.
uganus anans - pvso 10% : (2013)
i Ringery i Vuthiphandchai
Lutjanidac L. argentimaculatus DMSO 10% 1:1 etal. (2009)
L. campechanus cEHBSS y 13 Riley et al.
- camp DMSO 10% : (2004)
L. svnaoris Solucion C v 13 Sanches et al.
 SYPagT! DMSO 10% ) (2015)
. ) . NaCly i Gwo et al.
Scombridae Thunnus ovientalis Metanol 10% 1:9 (2005)
Mounib v .
Gadus morhua Propilenglicol 13 Rideout etal
10% (2004)
Gadidae p
Mounib v i
Melanogrammus Provilenglicol 13 Rideout et al.
aeglefinus °p‘1 Sf}}f 10 : (2004)
Epinephelus LG-ASP2 vy i .
bruneus Glicerol 10% 12 LimyLe (2013)
L. NaCl vy i Peatpisut v Bart
— E coloides 1 pilosal5% L1 2010)
pephehdas E moara NaCL BSA vy 1o Cabrita et al.
' DMSO 10% : (2009)
E. septemfasciatus T B> 3,_;,1[,:}’[50 1:49  Kohetal (2010)
Pa maior HBSS v 13 Chen et al.
Soarid grus may DMSO 13% : (2010)
pandas Soarus cawrara | NAC1Y DMSO 16 Cabrita et al.
P 10% : (2003)
. Hippoglossus MTE y i Babiak et al.
Pleuronectidae hippoglossus Metanol 10% 13 (2008)
. Lateolabrax Ringery i .
Lateolabracidae aponicus DMSO 10% 1:1 i etal (2004)

que el original
J
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De cara al futuro

La criopreservacion atn esta en la busqueda de mejorarse a si misma y
para esto, algunos autores proponen la estandarizacion de metodologias,
instrumentacién y variables de calidad espermatica que permitan
generar protocolos transferibles al sector productivo (Martinez-Paramo
etal., 2017; Medina-Robles et al., 2020). Por otro lado, es fundamental
promover bancos de recursos genéticos para especies icticas nativas,
acompafiados de la adecuada identificacion genética y evaluacion
molecular de dafios celulares, garantizando asi la calidad del material
preservado (Medina-Robles et al., 2020). Por ultimo y no menos
importante, se sugiere explorar el uso y la comercializacion responsable
de semen crioconservado, ¢ impulsar el desarrollo de técnicas para
criopreservacion con el objetivo de ampliar las herramientas disponibles

para suuso en granjas acuicolas (Cabritaetal., 2022).
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Probioticos en la acuicultura

Probiotics in Aquaculture

La acuicultura es un sector que ha adquirido gran relevancia con el
tiempo. De hecho, ha superado a la pesca como principal productora de
organismos acuaticos, convirtiéndose asi en una actividad de crucial
importancia social y econdmica. Sin embargo, a pesar de los grandes
beneficios que nos ofrece, la intensificacion de la produccion de este
sector ha enfrentado desafios como el incremento de las enfermedades,
siendo este uno de los principales problemas que enfrenta la acuicultura.
Frente a este escenario, los antibidticos son uno de los tratamientos
principales para atender y prevenir las enfermedades. No obstante, el
mal manejo y uso excesivo de estos compuestos ha ocasionado algunos
problemas como la resistencia bacteriana, riesgos para la salud humana
y la contaminacion de los cuerpos de aguas receptoras de los desechos de
esta actividad. Debido a la respuesta negativa que se ha tenido de estos
farmacos, se ha optado por buscar alternativas que a diferencia de los
antibioticos sean amigables con el cultivo y con el ambiente, como el uso
de los probidticos. La implementacidén de estos en la acuicultura ha
demostrado beneficios y ha funcionado como una alternativa mas

ecologica de los antibidticos para combatir las enfermedades.

Palabras claves: Antibidticos, impacto ambiental, enfermedades, resistencia bacteriana.
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C ABSTRACT

Aquaculture is a sector that has gained great relevance over time, even
surpassing fisheries to become the main producer of aquatic organisms.
Asaresult, it has also become an important social and economic activity.
However, despite the many benefits it offers, the intensification of
production in this sector has faced several challenges, with the increase
in diseases being one of the main problems affecting aquaculture.
Antibiotics have traditionally been considered one of the primary
treatments for preventing and controlling diseases. Nevertheless, the
improper management and excessive use of these antibacterial
compounds have led to several issues, including bacterial resistance,
risks to human health, and pollution of water bodies receiving waste
from this activity. Due to the negative outcomes associated with these
drugs, alternative solutions have been sought—ones that, unlike
antibiotics, are more compatible with both aquaculture systems and the
environment, such as the use of probiotics. The implementation of
probiotics in aquaculture has shown notable benefits and has proven to

be amore ecological alternative to antibiotics in combating disease.

Keywords: Antibiotics, environmental impact, diseases, bacterial resistance.

C INTRODUCCION

La acuicultura es la técnica que consiste en la crianza o cultivo de
organismos acuaticos. La crianza de estos organismos no es una
actividad actual que haya surgido de la nada, es una actividad que se ha
ido desarrollando con los afios, con el paso del tiempo ha tomado
importancia de tal manera que se ha convertido en una fuente importante
de alimento y de sustento para las comunidades costeras y riberefias
(Alvarez—Narvéez, 2023).

En México, la historia de la acuicultura se remonta a tiempos
prehispanicos, cuando los peces eran cultivados con intensiones
ornamentales y espirituales y se sembraban en los rios y lagos. Los

pueblos indigenas ya practicaban esta actividad de forma rudimentaria.
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Por ejemplo, los mayas construian piscinas y canales para criar peces y
camarones, mientras que los aztecas, cultivaban algas y criaban peces y
tortugas, principalmente en los canales de Xochimilco (Villalobos-
Fernandez,2019).

La acuicultura, tanto marina como continental, es uno de los sectores de
produccion animal de mayor desarrollo en las ultimas décadas, de tal
manera que ha ido experimentando un crecimiento exponencial. Las
nuevas tecnologias que se han aplicado a este sector han permitido
aumentar la produccion a través de las diferentes especies cultivadas.
Ante esto podemos decir que lo que se consume hoy en dia proviene de la
acuicultura, principalmente frente al descenso drastico de la pescay a la
altademanda de algunas especies (Sorroza, 2009).

Actualmente, la acuicultura es una actividad econémica importante en
Meéxico, con una gran variedad de especies cultivadas, entre las que
destacan el camardn (Penaeus spp.), tilapia (Oreochromis spp.), ostion
(Crassostrea spp.) y trucha (Oncorhynchus spp.), entre otros. Siendo
considerada la acuicultura como uno de los sectores de produccién de
alimentos de mayor desarrollo en las ultimas décadas (SADER, 2023).
En 2022 la acuicultura superd a la pesca de captura. Alcanzando el 51%
de la produccion total, dejando a esta actividad como el principal

productor de organismos acuaticos (FAO, 2024).

Desafios en la acuicultura

El crecimiento acelerado en la produccion de esta actividad no solo ha
generado grandes beneficios, también ha traido consigo pérdidas
economicas significativas. Este sector cada vez esta mas industrializado
y cuenta con sistemas de cultivos intensivos, lo que provoca mayores
riesgos de brotes de enfermedades virales y bacterianas, por mencionar
algunas, y con ello, se hace necesaria la utilizacion cada vez mayor de
diferentes tratamientos de tipo bioldgicos o quimicos para contrarrestar

los efectos de patogenos en los organismos cultivados (Mong et al.,
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Uno de los principales problemas que enfrenta la acuicultura es el
incremento de las enfermedades que se han propagado muy
rapidamente, lo que muchas veces ha limitado a los productores
ocasionando graves pérdidas (Gao et al., 2016). Los productores, sobre
todo de camaron, se preocupan mas por las bacterias del género Vibrio,
porque causan enfermedades en los organismos cultivados, estas
bacterias se encuentran en el agua y descomponen la quitina, el cual es
una sustancia que forma el caparazén de los camarones y de otros
crustaceos (Espinosay Bermudez, 2012).

Muchas de estas bacterias son inofensivas, porque no tienen las toxinas
que puedan enferman a estos animales y puede ser debido a la falta de
ciertos genes, solo unas pocas y de tipos especificos son las que causan
enfermedades en camarones y peces, como Vibrio alginolyticus, V.
campbellii y V. parahaemolyticus. Algunas bacterias de vibrios siempre
causan enfermedades y otras solo cuando se encuentran en condiciones
especificas (Espinosay Bermudez, 2012; Zhang etal., 2021).

Por ejemplo, en los cultivos de camardn, es dificil mantener un control
sobre las enfermedades que afectan a estos organismos. Uno de los
tratamientos mas comunes y faciles de utilizar para solucionar las
enfermedades en la acuicultura es el uso de antibidticos, sin embargo hoy
en dia se sabe que estos tienen sus limitantes, en algunos casos pueden
causar efectos negativos en los organismos en cultivo, provocar bacterias
resistentes, dejar residuos en el ambiente y afectar la salud del

consumidor (Varela-Mejias y Alfaro-Mora, 2018).

Los probiéticos

Los probidticos se utilizan cominmente como aditivos en los alimentos
para ayudar al crecimiento de los organismos. Con la intensificacion de
la acuicultura, los duefios de las granjas han optado por utilizar métodos
preventivos, como la mezcla de probidticos con alimento, para ayudar a
mantener la calidad de agua y con ello poder tener una buena
alimentacion (Lulijwa et al., 2020). Estos compuestos son de origen
microbiano y ayudan a eliminar o inhibir el crecimiento de otros
microorganismos. Los probioticos son fabricados en laboratorios

comerciales y existen muchos tipos de ellos, funcionan de diferente
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manera y pueden presentar varios efectos positivos, pero en ocasiones
implican también riesgos (Robles- Jiménez et al., 2025). En los
organismos en cultivo, estos tratamientos se usan para curar o evitar las
enfermedades y, en ocasiones, también las utilizan para ayudar a que el
organismo crezca mas rdpido. Sin embargo, cuando se emplean
inadecuadamente los organismos terminan no absorbiendo de manera
adecuada, estos medicamentos pueden terminar contaminando el agua'y
elsuelo(Yuanetal.,2023; Zengetal., 2025).

En México, los antibioticos permitidos en la acuicultura segtn el Diario
Oficial de la Federacion (DOF, 2004) son los que se presentan en la tabla
1. A pesar de que estos antibidticos estan permitidos para la acuicultura,
si se comprueba por estudios o informes que estos fArmacos afectan al
ambiente y a la salud publica por normas internacionales, su uso podria
ser limitado o prohibido, por eso es necesario establecer medidas de

prevencion en la utilizacion frecuente de estos antibidticos en esta

actividad acuicola.
Antibi6tico [Dosis (mg/kg en biomasa) (Tratamiento (dias)
Oxitetraciclina 120-240 7-12
Sarafloxacina 10-15 7-12
Enrofloxacina 10-15 7-12
Florfenicol * 50-80 7-12
Fosfomicina * 50-80 7-12
Monensina 200-400 7-10
Salinomicina 120-300 7-10
Semduramicina 50-150 7-10
*Dosis siyeta a modificacion

que el original
J

Tabla 1. Antibidticos utilizados para el control y prevencion de enfermedades en camarones

cultivados.
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100Impacto del uso de los antibioticos

De los efectos que genera el uso de estos compuestos antibacterianos es
que las bacterias tienden a volverse resistentes. El uso de estos farmacos
ayuda a la seleccion de bacterias resistentes y a la propagacion de genes
deresistencia (Yuanetal.,2023; Hossain etal., 2022).

Laresistencia al uso de los antibidticos es una amenaza en la acuicultura.
Esta resistencia puede ser transferida a bacterias que son importantes
para el ambiente y por ende ocasionar afectaciones al ecosistema (Santos
Solis, 2023). Ademas, pone en riesgo la salud humana, ya que afecta los
organismos que consumimos (Larssony Flach, 2022).

Otro de los problemas generados por el uso de los antibiodticos es la
presencia de residuos en los organismos, por ejemplo, la presencia de
estos en los tejidos del camarén puede ocasionar afectaciones en la flora
intestinal del consumidor, por lo que aumenta el riesgo de contraeralergia
e intoxicacion. Es por esto que es de suma importancia no exceder los
limites establecidos parasuuso (Chenetal., 2023).

Aunado a esto los antibioticos no se descomponen, lo que provoca que
persistan en el ambiente acuatico (Martinez y Gonzalez, 2024). Al
aplicar los antibidticos, no siempre son digeridos en su totalidad y caen
directamente al agua, otros no son absorbidos y terminan en las heces o
en la orina, los cuales son almacenados en el sedimento y es peligroso

parael ambiente y la salud humana (Calizaya etal., 2023).

Factores a considerar del uso de los antibioticos

Los antibioticos no deben ser utilizados para prevenir las enfermedades,
ya que ocasionan resistencia bacteriana, afectando la eficiencia de estos
farmacos. La aplicacion de medicamentos quimicos debe utilizarse
siempre bajo los protocolos de control establecidos y de preferencia
utilizarse como ultimo recurso. Es recomendable considerar las buenas
practicas de manejo en la acuicultura, para evitar la entrada de agentes

patdgenos a los sistemas de cultivos y asi reducir suuso (FAO, 2021).
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Uso de probioticos

Por lo anterior el sector acuicola se ha obligado a implementar
estrategias que puedan ser mas amigables con el medio ambiente,
mejorando los cultivos y el control de algunas patologias que puedan
afectar a los organismos. Tal es el caso de los probidticos que han
surgido como una alternativa mas ecoldgica, al uso de los
antibidticos (Pérez Chabelaetal., 2020; Alvarez-Narvéez, 2023).

La palabra probidtico proviene del griego, “pro” (a favor) y
“biodticos” (vida). El término probidtico se utilizo originalmente para
describir la estimulacion del crecimiento de otros organismos. Sin
embargo, con el paso del tiempo se ha ido modificando su significado
(Casco, 2014). Por ejemplo, hoy en dia este término se puede utilizar
para describir algun organismo o sustancia que ayuda a mantener el
equilibrio de la microbiota intestinal de los individuos (Alvarez-
Narvéez, 2023).

Los probidticos pueden ser bacterias “buenas”, hongos, levaduras o
microalgas que al incluirlos en las dietas de los organismos en cultivo,
puedan favorecen las condiciones fisioldégicas, manteniendo el
equilibrio de las bacterias en el intestino y controlando las bacterias que
puedan dafiar al organismo, estimulando el sistema inmune, de
crecimiento, reduciendo a la tasa de mortalidad y funcionando como

complemento nutricional (Bravo y Millanao, 2013; Pineda, 2016).

Beneficios del uso de probioticos

La implementacion de los probidticos en la acuicultura ha traido grandes
beneficios que se han documentado a través del tiempo, como el
aumento de la supervivencia, la mejora de la calidad del agua y la
reduccion de contaminantes (Pefialosa, 2020). Los probidticos también
se han utilizado como mediadores para controlar las enfermedades,

impidiendo el crecimiento de bacterias dafiinas para el cultivo (Lopez y
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Calidad de agua

La contaminacion de los cuerpos de agua hoy en dia es una realidad, esto
puede ser ocasionado por el alimento no ingerido o por las heces y orina
de los organismos. Algunos estudios han resaltado la importancia de la
implementacién de probidticos que ayudan a limpiar el agua,
transformando la materia organica en CO2 y regulando sustancias
toxicas como el amonio y nitritos. Algunos de los tipos de bacterias
nitrificantes son: Bacillus, Phenibacillus, Nitrobacter, Enterobacter,
Pseudomonas, Cellulomonas y Rhodopseudomonas (Antony y Philip,
2006; Zhouetal.,2010).

Control de enfermedades

El uso de probidticos se ha utilizado también para la prevencion de las
enfermedades con la finalidad de generar alteraciones bioldgicas en los
organismos, ya que generan resistencia a enfermedades, provocadas por
la mala calidad del agua y estrés causado por la alteracion de la misma.
Los probidticos excluyen de manera competitiva por los nutrientes a los
agentes patdgenos. Se ha demostrado que la manipulacion de las
comunidades bacterianas influye en la nutricion y salud de los
organismos reduciendo la presencia de enfermedades (Sorroza, 2012;
Mosqueraetal.,2015)

Disminucion de la tasa de mortalidad

Al reducir el estrés de los organismos mejorando la calidad de agua,
estos centran su energia en el crecimiento y no combatiendo las
enfermedades, incrementando su tasa de supervivencia (Mosqueraetal.,
2015).
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En la acuicultura, los antibidticos se han utilizado ampliamente para la
prevencion y control de enfermedades. Sin embargo, a medida que este
sector crece, también aumentan los problemas sobre las afectaciones que
pueda ocasionar. A pesar de que existen normas que regulen el uso de los
antibidticos, la implementacion de su uso en la acuicultura carece de un
control adecuado. Estos son incorporados en el alimento el cual termina
dispersandose en el agua y termina no siendo consumido en su totalidad,
llegando directamente al medio ambiente, afectando a los
microorganismos que se encuentran ahi, provocando que algunas
bacterias se vuelvan resistentes incluso sino son "malas". En conclusion,
podemos decir que el uso indiscriminado de estos compuestos representa
una amenaza, comprometiendo la salud publica y el equilibrio
ambiental. Es por ello que es importante buscar alternativas mas seguras
y sostenibles como la implementaciéon de los probidticos. Distintos
estudios han puesto en evidencia que la aplicacion de estos en la
acuicultura no solo ayuda a que los organismos crezcan mas sanos, una
mejor supervivencia, también mejora la calidad de agua, lo que permite

tener cultivos mas sostenibles.
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5.0. LO. E. Nombre cientifico Nombre vernaculo
Dendrobranchiata
Penaeidae
Penaeus brevirostris Kingsley, 1878 Camardn rosado
Penaeus californiensis Holmes, 1900  Camarén café
Penaeus occidentalis Streets, 1871 Car?aron blanco del
Pacifico
Penaeus stylirostris Stimpson, 1871 Camarén azul
Penaeus vannamei Boone, 1931 Camardn patiblanco
Protrachypene precipua Burkenroad, C .
1934 amar6n pomada
Rimapenaeus byrdi (Burkenroad, 1934) Camarén cebra
Xiphopenaeus riveti Bouvier, 1307 Camarén titi
Pleocyemata
Achelata
Scyllaridae
Evibacus princeps Smith, 1869 Langostino de arena
Scyllarides astori Holthuis, 1360 Langostino de Galapagos
Palinuridae
Panulirus gracilis Streets, 1871 Langosta espinosa verde
Pamulirus penicillatus (Olivier, 1791)  Langosta espinosa roja
Anomura
Hippidae
Emerita rathbunge Schmaitt, 1935 Michugo
Caridea
Pandalidae
o Camarédn rojo de
Heterocarpus hostili Faxon, 1893 profundidad
Brachyura
Calappidae
Calappa convexa de Saussure, 1853 Cangrejo cajeta bola
Gecarcinidae
Cardisoma crassum Smith, 1870 Cangrejo azul
Portunidae
Callinectes arcuatus Ordway, 1863 Jatba azul
Callinectes toxotes Ordway, 1863 Jaiba verde
Eupiylax dovii Stimpson, 1860 Jaiba mora
Eupiylax robustus A. Milne-Edwards, Tai .
aiba marciana
1874
Majidae
Maiopsis panamensis Faxon, 1893 Cangrejo arafia, centolla
Menippidae
.-;Lgi’n{ppe frontaliz A. Milne-Edwards, Pangora
Ocypodidae

LUkcides occidentalis (Ortmann_ 1897)

Cangrejo rojo, guariche

Tabla I. Listado de especies de crustaceos comerciales marinos, en Ecuador. S.O., Sub-Orden;

1.0., Infra-Orden; F., Familia
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