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El objetivo del estudio es dar un panorama general acerca de los 

plásticos de diversos tamaños en elasmobranquios y teleósteos del 

Océano Pacíficio Oriental y discutir acerca del uso de los bioplásticos 

como alternativa potencial al uso de los plásticos derivados del petróleo. 

Se incluyeron estudios realizados en las costas del occidente de América 

(Áreas de pesca definidas por la FAO: Pacífico noreste-PNE, Pacífico 

oriental central-PEC, y Pacífico sureste-PSE). El número de 

elasmobranquios con plásticos en todo el Pacífico Oriental fue de 361 

(165 en el PEC y 196 en el PSE); el tamaño de las partículas fluctuó de 

0.008 mm a 25.5 cm. El número de teleósteos con contenido de plásticos 

en todo el Pacífico Oriental fue de 5,943 (2,946 en el PNE, 2,615 en el 

PEC y 382 en el PSE); el tamaño de las partículas varió desde 10 µm 

hasta 19.86 mm. Los bioplásticos pueden ser una opción benéfica con 

respecto a los petroplásticos debido a su menor huella de carbón, menor 

requerimiento energético durante su manufactura, no utilización de 

petróleo crudo, reducción de los desechos y tiempo de degradación 

menor.

Plásticos en peces marinos 

del Pacífico Oriental: 

una revisión

Plastics in Marine Fish from 

the Eastern Pacific: 

a Review

Palabras clave: bioplásticos; efectos; Pacífico Oriental; elasmobranquios; teleósteos
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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 µm 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

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 

(Geyer et al. 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 µm] (Thompson 2015), and nanoplastics [size ≤ 1 µm] (Gigault et 

al. 2018). Microplastics that are manufactured for specific applications 

in the industry or household use are termed primary microplastics (Auta 

et al. 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 et al. 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 
2million 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.Este    es    un    artículo    de    
acceso    abierto    distribuido    
bajo    los    términos    de    la    
Licencia  Creative  Commons  
At r ibuc ión-No  Comerc ia l -
Compartir      igual      (CC      BY-
NC-SA      4.0),      que   permite 
compartir  y  adaptar  siempre  
que  se  cite  adecuadamente  la  
obra,  no  se  utilice    con    fines  
comerciales  y  se  comparta  
bajo  las  mismas  condiciones  
que  el  original

OPEN ACCESS

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



58

CIMAR UAS

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

Fig. 1. Location of FAO Major Fishing Areas in the Eastern Pacific. Pacific Northeast (PNE), 

Pacific Eastern Central (PEC) and Pacific Southeast (PSE).

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 0

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 α (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 Núñez 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 =0.29174, p<0.05) (Fig. 2), nor between the mean plastic (1,117)

abundance in different  FAO zones for the case of the teleost fish 

(F =0.239426, p<0.05) (Fig. 3). PERMANOVA also indicated that (2,116)

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). 

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).

Fig. 4. Principal Coordinate Analysis (PCoA) of clusters of FAO zones and fish species 

according to plastic content.

Table 2. Results of permutational multivariate analysis of variance (PERMANOVA) to test the 

null hypothesis (H0) 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 

(Carpenter et al. 1972).

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 et al. 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 (Savoca et al. 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 

for marine biota including fish. In the case of microplastics, they may 

damage tissues and cause oxidative stress, and changes in gene 

expression; as a consequence, fish may present growth retardation, 

neurotoxicity, and behavioral abnormalities (Bhuyan 2022). Considering 

the severity of deleterious effects of plastics on aquatic biota and humans, 

and since most plastic litter (around 80%) with land sources goes to the 

marine environment (Andrady 2011), mitigation strategies should start in 

the continent, but studies related to management measures are scarce 
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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) (Ogunola et al. 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 et al. 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

For the whole Eastern Pacific, studies related to the plastic presence in 

elasmobranch (four families) and teleost families (50 families) are 

scarce. The fiber was the most common plastic type with bigger sizes in 

elasmobranchs (25.5 cm) than in bony fishes (19.85 mm). The sequence 

of average number of plastics was elasmobranchs < teleosts. The biggest 

plastic patch in the world is located in the PEC zone but there are other 

areas of concern in the South Pacific Patch. Entanglement of fish with 

plastics occurs mostly along the continental coast. In the case of plastic 
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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.

ACKNOWLEDGMENTS

To C. Suárez-Gutiérrez for figure preparation and proof reading.

LITERATURE CITED

Anderson, M. J. 2017. Permutational multivariate analysis of variance 

(PERMANOVA ). Pages 1-15 in N. Balakrishnan, T. Colton, B. 

Everitt, W. Piegorsch, F. Rugger, and J. L. Teugels, eds. Wiley 

StatsRef: Statistics Reference Online. Wiley.

Alejo-Plata, M. C., E. Herrera-Galindo, and D. G. Cruz-González. 

2019. Description of buoyant fibers adhering to Argonauta nouryi 

(Cephalopoda: Argonautidae) collected from the stomach 

contents of three top predators in the Mexican South Pacific. Mar. 

Pollut. Bul. 142:504-509.

Alfaro-Núñez, A., D. Astorga, L. Cáceres-Farías, L. Bastidas, C. 

Soto Villegas, K. Macay, and J. H. Christensen. 2021. 

Microplastic pollution in seawater and marine organisms across 

the Tropical Eastern Pacific and Galápagos. Sci Rep. 11:6424. 

Andrady, A. L. 2011. Microplastics in the marine environment. Mar 

Pollut Bull. 62 :1596-1605.

Este    es    un    artículo    de    
acceso    abierto    distribuido    
bajo    los    términos    de    la    
Licencia  Creative  Commons  
At r ibuc ión-No  Comerc ia l -
Compartir      igual      (CC      BY-
NC-SA      4.0),      que   permite 
compartir  y  adaptar  siempre  
que  se  cite  adecuadamente  la  
obra,  no  se  utilice    con    fines  
comerciales  y  se  comparta  
bajo  las  mismas  condiciones  
que  el  original

OPEN ACCESS

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



68

CIMAR UAS

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

Auta, H. S., C. U. Emenike, and S. H. Fauziah. 2017. Distribution and 

importance of microplastics in the marine environment: A review 

of the sources, fate, effects, and potential solutions. Environ. Int. 

102 :165-176.

Bermúdez-Guzmán, L., C. Alpízar-Villalobos, J. Gatgens-García, G. 

Jiménez-Huezo, M. Rodríguez-Arias, H. Molina, J. Villalobos, 

S. A. Paniagua, J. R. Vega-Baudrit, and K. Rojas-Jimenez. 2020. 

Microplastic ingestion by a herring Opisthonema sp. in the Pacific 

coast of Costa Rica. Reg. Stud. Mar. Sci. 38:101367. 

Bernardini, I., F. Garibaldi, L. Canesi, M. C. Fossi, and M. Baini. 

2018. First data on plastic ingestion by blue sharks (Prionace 

glauca) from the Ligurian Sea (North-Western Mediterranean 

Sea). Mar. Pollut.Bull. 135 :303-310. 

Bhuyan, M. S. 2022. Effects of microplastics on fish and in human 

health. Front. Environ. Sci. 10:250.

Boerger, C. M., G. L. Lattin, S. L. Moore, and C. J. Moore. 2010. 

Plastic ingestion by planktivorous fishes in the North Pacific 

Central Gyre. Mar. Pollut. Bull. 60 :2275-2278. 

Bond, A. L., J. F. Provencher, P. Daoust, and Z. N. Lucas. 2014. 

Plastic ingestion by fulmars and shear waters at Sable Island, 

Nova-scotia, Canada. Mar. Pollut. Bull. 87:68-75. 

Cáceres-Farias, L., M. M. Espinoza-Vera, J. Orós, M. A. Garcia-

Bereguiain, and A. Alfaro-Núnez. 2023. Macro and 

microplastic intake in seafood variates by the marine organism's 

feeding behaviour: Is it a concern to human health? Heliyon. 

9:e16452. 

Carpenter, E. J., S. Anderson, G. R. Harvey, H. P. Miklas, and B. B. 

Peck. 1972. Polystyrene spherules in coastal waters. Science. 

178:749-750. 

Castillo-Rosas, R., J. S. Sakthi, E. Barjau-González, F. Rodríguez-

González, F. Galván-Magaña, S. Flores-Ramírez, F. Gómez-

Chávez, S. K. Sarkar, and M. P. Jonathan. 2023. First account 

of microplastics in pelagic sporting dolphinfish from the eastern 

Mexican coast of Baja California Sur. Environ. Toxicol. 

Pharmacol. 100:104153. 

Este    es    un    artículo    de    
acceso    abierto    distribuido    
bajo    los    términos    de    la    
Licencia  Creative  Commons  
At r ibuc ión-No  Comerc ia l -
Compartir      igual      (CC      BY-
NC-SA      4.0),      que   permite 
compartir  y  adaptar  siempre  
que  se  cite  adecuadamente  la  
obra,  no  se  utilice    con    fines  
comerciales  y  se  comparta  
bajo  las  mismas  condiciones  
que  el  original

OPEN ACCESS

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



69

CIMAR UAS

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

Choy, C. A., and J. C. Drazen. 2013. Plastic for dinner? Observations 

of frequent debris ingestion by pelagic predatory fishes from the 

central North Pacific. Mar. Ecol. Prog. Ser. 485:155-163.

Clark, D. E., J. E. Hewitt, C. A. Pilditch, and J. I. Ellis. 2020. The 

development of a national approach to monitoring estuarine 

health based on multivariate analysis. Mar. Pollut. Bull. 

150:110602. 

Cole, M., P. Lindeque, C. Halsband, and T. S. Galloway. 2011. 

Microplastics as contaminants in the marine environment: a 

review. Mar. Pollut. Bull. 62 :2588-2597.

Collicutt, B., F. Juanes, and S. E. Dudas. 2019. Microplastics in 

juvenile Chinook salmon and their nearshore environments on the 

east coast of Vancouver Island. Environ. Pollut. 244 :135-142.

Davison, P., and R. G. Asch. 2011. Plastic ingestion by mesopelagic 

fishes in the North Pacific Subtropical Gyre. Mar. Ecol. Prog. 

Ser. 432:173-180. 

Derraik, J. G. B. 2002. The pollution of the marine environment by 

plastic debris: a review. Mar. Pollut. Bull. 44 :842-852.

Egger, M., Sulu-Gambari, F., & Lebreton, L. (2020). First evidence of 

plastic fallout from the North Pacific Garbage Patch. Sci. Rep. 

10:7495. 

FAO. 2015. Fisheries and aquaculture department. Major Fishing Areas. 

FAO Fisher ies  and  Aquacu l tu re  Technica l  Paper. 

https://www.fao.org/3/az126e/az126e.pdf 

Fernández-Ojeda, C., & Anastasopoulou, A. (2019). Plastic ingestion 

by blue shark Prionace glauca in the South Pacific Ocean (south 

of the Peruvian Sea). Mar. Pollut. Bull. 149:110501.

Garibaldi, G. 2012. The FAO global capture production database: a six-

decade effort to catch the trend. Mar. Pol. 36:760-768. 

Geyer, R., J. R. Jambeck, and K. L. Law. 2017. Production, use, and 

fate of all plastics ever made. Sci. Adv. 3:e1700782 

Gigault, J., A. T. Halle, M. Baudrimont, P. Y. Pascal, F. Gauffre, T. L. 

Phi, H. E. Hadri, B. Grassl, and S. Reynaud. 2018. Current 

opinion: what is a nanoplastic? Environ. Pollut. 235:1030-1034. 

Este    es    un    artículo    de    
acceso    abierto    distribuido    
bajo    los    términos    de    la    
Licencia  Creative  Commons  
At r ibuc ión-No  Comerc ia l -
Compartir      igual      (CC      BY-
NC-SA      4.0),      que   permite 
compartir  y  adaptar  siempre  
que  se  cite  adecuadamente  la  
obra,  no  se  utilice    con    fines  
comerciales  y  se  comparta  
bajo  las  mismas  condiciones  
que  el  original

OPEN ACCESS

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



70

CIMAR UAS

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

Glantz, S. A. 2012. Primer of biostatistics. McGraw-Hill.

Gregory, M. R. 1991. The hazards of persistent marine pollution: drift 

plastics and conservation islands. J. Royal Soc. New Zea. 21:83-

100. 

Hammer, J., M. H. Kraak, and J. R. Parsons. 2012. Plastics in the 

marine environment: the dark side of a modern gift. Rev. Environ. 

Contam. Toxicol. 1-44.

Hasheminezhad, A., A. Farina, B. Yang, H. Ceylan, S. Kim, E. 

Tutumluer, and B. Cetin. 2024. The utilization of recycled 

plastics in the transportation infrastructure systems: a 

comprehensive review. Const. Build. Mat. 411:134448. 

Hipfner, J. M., M. Galbraith, S. Tucker, K. R. Studholme, A. D. 

Domalik, S. F. Pearson, T. P. Good, P. S. Ross, and P. Hodum. 

2018. Two forage fishes as potential conduits for the vertical 

transfer of microfibres in Northeastern Pacific Ocean food webs. 

Environ. Pollut. 239:215-222. 

Høiberg, M. A., J. S. Woods, and F. Verones. 202). Global distribution 

of potential impact hotspots for marine plastic debris 

entanglement. Ecol. Ind. 135:108509. 

Huang, X., H. Gao, Z. Li, F. Wu, Y. Gong, and Y. Li. 2022. 

Microplastic contamination and risk assessment in blue shark 

(Prionace glauca) from the eastern tropical Pacific Ocean. Mar. 

Pollut. Bull. 184:114138. 

Jambeck, J. R., R. Geyer, C. Wilcox, T. R. Siegler, M. Perryman, A. 

Andrady, R. Narayan, and K. L. Law. 2015. Plastic waste 

inputs from land into the ocean. Science. 347(6223): 768-771.

Jonathan, M. P., S. B. Sujitha, F. Rodriguez-Gonzalez, L. E. 

Campos-Villegas, C. J. Hernández-Camacho, and S. K. 

Sarkar. 2021. Evidences of microplastics in diverse fish species 

off the western coast of Pacific Ocean, Mexico. Oc. Coast. 

Manag. 204:105544. 

Leal Filho, W., J. Hunt, and M. Kovaleva. 2021. Garbage patches and 

their environmental implications in a plastisphere. J. Mar. Sci. 

Eng. 9:1289.

Este    es    un    artículo    de    
acceso    abierto    distribuido    
bajo    los    términos    de    la    
Licencia  Creative  Commons  
At r ibuc ión-No  Comerc ia l -
Compartir      igual      (CC      BY-
NC-SA      4.0),      que   permite 
compartir  y  adaptar  siempre  
que  se  cite  adecuadamente  la  
obra,  no  se  utilice    con    fines  
comerciales  y  se  comparta  
bajo  las  mismas  condiciones  
que  el  original

OPEN ACCESS

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



71

CIMAR UAS

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

Lebreton, L. 2022. The status and fate of oceanic garbage patches. 

Nature Rev. Earth Environ. 3:730-732.

Lebreton, L., B. Slat, F. Ferrari, B. Sainte-Rose, J. Aitken, R. 

Marthouse, S. Hajbane, A. Cunsolo, A. Schwarz, A. Levivier, 

K. Noble, P. Debeljak, H. Maral, R. Schoeneich-Argent, R. 

Brambini, and J. Reisser. 2018. Evidence that the Great Pacific 

Garbage Patch is rapidly accumulating plastic. Sci. Rep. 8:4666.

Lebreton, L., M. Egger, B. A. Slat. 2019. A global mass budget for 

positively buoyant macroplastic debris in the ocean. Sci. Rep. 9 

:12922.

Li, W., Z. Pan, J. Xu, Q. Liu, Q. Zou, H. Lin, L. Wu, and H. Huang. 

2022. Microplastics in a pelagic dolphinfish (Coryphaena 

hippurus) from the Eastern Pacific Ocean and the implications for 

fish health. Sci. Tot. Environ. 809:151126. 

Markic, A., C. Niemand, J. H. Bridson, N. Mazouni-Gaertner, J. C. 

Gaertner, M. Eriksen, and M. Bowen. 2018. Double trouble in 

the South Pacific subtropical gyre: increased plastic ingestion by 

fish in the oceanic accumulation zone. Mar. Pollut. Bull. 136:547-

564. 

Malthaner, L., X. Garcia, L. M. Rios-Mendoza, J. R. Rivera-

Hernández, and F. Amezcua. 2024. First data on anthropogenic 

microparticles in the gastrointestinal tract of juvenile scalloped 

hammerhead sharks (Sphyrna lewini) in the Gulf of California. 

Fishes 9(8):310.

Mazariegos-Ortíz, C., M. Xajil-Sabán, E. Blanda, and D. Delvalle-

Borrero. 2021. Ocurrencia de microplásticos en el tracto 

digestivo de peces de la reserva natural de usos múltiples 

Monterrico, Guatemala. Ecos. 30(2):2188.

Mizraji, R., C. Ahrendt, D. Perez-Venegas, J. Vargas, J. Pulgar, M. 

Aldana, F. P. Ojeda, C. Duarte, and C. Galbán-Malagón. 

2017. Is the feeding type related with the content of microplastics 

in intertidal fish gut? Mar. Pollut. Bull. 116(1-2) :498-500. 

Este    es    un    artículo    de    
acceso    abierto    distribuido    
bajo    los    términos    de    la    
Licencia  Creative  Commons  
At r ibuc ión-No  Comerc ia l -
Compartir      igual      (CC      BY-
NC-SA      4.0),      que   permite 
compartir  y  adaptar  siempre  
que  se  cite  adecuadamente  la  
obra,  no  se  utilice    con    fines  
comerciales  y  se  comparta  
bajo  las  mismas  condiciones  
que  el  original

OPEN ACCESS

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



72

CIMAR UAS

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

Nanda, S., B. R. Patra, R. Patel, J. Bakos, and A. K. Dalai. 2022. 

Innovations in applications and prospects of bioplastics and 

biopolymers: a review. Environ. Chem. Let. 20:379-395.

N O A A .  2 0 2 1 .  G a r b a g e  P a t c h e s . 

https://marinedebris.noaa.gov/info/patch.html

Ory, N. C., P. Sobral, J. L. Ferreira, and M. Thiel. 2017. Amberstripe 

scad Decapterus muroadsi (Carangidae) fish ingest blue 

microplastics resembling their copepod prey along the coast of 

Rapa Nui (Easter Island) in the South Pacific subtropical gyre. 

Sci. Tot. Environ. 430-437.

Ogunola, O. S., O. A. Onada, and A. E. Falaye. 2018. Mitigation 

measures to avert the impacts of plastics and microplastics in the 

marine environment (a review). Environ. Sci. Pollut. Res. 

25:9293-9310.

Ory, N., C. Chagnon, F. Felix, C. Fernández, J. L. Ferreira, C. 

Gallardo, O. Garcés Ordóñez, A. Henostroza, E. Laaz, R. 

Mizraji, H. Mojica, V. Murillo Haro, L. O. Medina, M. 

Preciado, P. Sobral, M. A. Urbina, and M. Thiel. 2018. Low 

prevalence of microplastic contamination in planktivorous fish 

species from the southeast Pacific Ocean. Mar. Pollut. Bull. 

127:211-216.

Peng, L., F. Dongdong, Q. Huaiyuan, Q. L. Christopher, Y. Huamei, 

and G. Chengjun. 2020. Micro- and nano-plastics in marine 

environment: Source, distribution and threats -A review. Sci. Tot. 

Environ. 698:134254.

Pilla, S. 2011. Handbook of bioplastics and biocomposites engineering 

applications. Wiley.

Pinho, I., F. Amezcua, J. M. Rivera, C. Green-Ruiz, T. J. Piñón-

Colin, and F. Wakida. 2022. First report of plastic 

contamination in batoids: plastic ingestion by Haller's Round 

Ray (Urobatis halleri) in the Gulf of California. Environ. Res. 

211:113077. 

Prasanth, S. M., P. S. Kumar, S. Harish, M. Rishikesh, S. Nanda, and 

D. V. N. Vo. 2021. Application of biomass derived products in 

mid-size automotive industries: a review. Chemos. 280:130723.

Este    es    un    artículo    de    
acceso    abierto    distribuido    
bajo    los    términos    de    la    
Licencia  Creative  Commons  
At r ibuc ión-No  Comerc ia l -
Compartir      igual      (CC      BY-
NC-SA      4.0),      que   permite 
compartir  y  adaptar  siempre  
que  se  cite  adecuadamente  la  
obra,  no  se  utilice    con    fines  
comerciales  y  se  comparta  
bajo  las  mismas  condiciones  
que  el  original

OPEN ACCESS

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



73

CIMAR UAS

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

Prasteen, P., Y. Thushyanthy, T. Mikunthan, and M. Prabhaharan. 

2018. Bio-plastics - an alternative to petroleum based plastics. 

Int. J. Res. Stud. Agric. Sci. 4(1):1-7.

Norwegian Environment Agency. 2015. Microplastics. Norwegian 

Environment Agency, Norway.

Rochman, C. M., A. Tahir, S. L. Williams, D. V. Baxa, R. Lam, J. T. 

Miller, F. C. Teh, S. Werorilangi, and S. J. Teh. 2015. 

Anthropogenic debris in seafood: plastic debris and fibers from 

textiles in fish and bivalves sold for human consumption. Sci. 

Rep. 5:14340. 

Ryan, P. G., C. J. Moore, J. A. van Franeker, C. L. Moloney. 2009. 

Monitoring the abundance of plastic debris in the marine 

environment. Phil. Trans. Roy. Soc. B: Biol. Sci. 364:1999-2012.

Savoca, M. S., S. Kühn, C. Sun, S. Avery-Gomm, A. Choy, S. Dudas, 

S. H. Hong, D. Hyrenbach, T. H. Li, J. F. Provencher, and J. 

M. Lynch. 2022. Towards a North Pacific Ocean long-term 

monitoring program for plastic pollution: A review and 

recommendations for plastic ingestion bioindicators. Environ. 

Pollut., 310 :119861. 

Savoca, M. S., A. G. McInturf, and E. L. Hazen. 2021. Plastic 

ingestion by marine fish is widespread and increasing. Glob. 

Change Biol. 27:2188-2199.

Salazar-Pérez, C., F. Amezcua, A. Rosales-Valencia, L. Green, J. E. 

Pollorena-Melendrez, M. A. Sarmiento-Martínez, I. Tomita 

Ramírez, B. D. Gil-Manrique, M. Y. Hernandez-Lozano, V. 

M. Muro-Torres, C. Green-Ruiz, T. D. J. Pinon-Colin, F. T. 

Wakida, and M. Barletta. 2021. First insight into plastics 

ingestion by fish in the Gulf of California, Mexico. Marine 

Pollution Bulletin, 171, 112705.

Seltenrich, N. 2015. New link in the food-chain? Marine plastic 

pollution and seafood safety. Environ. H. Persp. 123:34-41.

Shamsuddin, I. M., J. A. Jafar, A. S. Abdulrahman Shawai, S. Yusuf, 

M. Lateefah, and I. Aminu. 2017. Bioplastics as better 

alternative to petroplastics and their role in national 

sustainability: a review. Adv.  Biosci. Bioeng. 5(4):63-70. 

Este    es    un    artículo    de    
acceso    abierto    distribuido    
bajo    los    términos    de    la    
Licencia  Creative  Commons  
At r ibuc ión-No  Comerc ia l -
Compartir      igual      (CC      BY-
NC-SA      4.0),      que   permite 
compartir  y  adaptar  siempre  
que  se  cite  adecuadamente  la  
obra,  no  se  utilice    con    fines  
comerciales  y  se  comparta  
bajo  las  mismas  condiciones  
que  el  original

OPEN ACCESS

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



74

CIMAR UAS

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

Thiel, M., G. Luna-Jorquera, R. Álavarez-Varas, C. Gallardo, I. A. 

Hinojosa, N. Luna, D. Miranda-Urbina, N. Morales, N. Ory, 

A. S. Pacheco, M. Portflitt-Toro, and C. Zavalaga. 2018. 

Impacts of marine plastic pollution from continental coasts to 

subtropical gyres-fish, seabirds, and other vertebrates in the SE 

Pacific. Front. Mar. Sci. 5:1-16. 

Thompson, R. C., Olsen, Y., Mitchell, R. P., Davis, A., Rowland, S. J., 

John, A. W. G., McGonigle, D., Russell, A. E. (2004). Lost at 

sea: where is all the plastic? Science, 838.

Thompson R. C. 2015. Microplastics in the Marine Environment: 

sources, consequences and solutions. Pages 185-200, in M. 

Bergmann, L. Gutow, and M. Klages eds. Marine antropogenic 

litter. Springer, Switzerland.

Underwood, A. J. 1997. Experiments in ecology: their logical design 

and interpretation using analysis of variance. Cambridge 

University Press.

Van Seville, E., C. Wilcox, L. Lebreton, N. Maximenko, B. D. 

Hardesty, J. A. van Franeker, M. Eriksen, D. Siegel, F. 

Galgani, and K. Lavender. 2015. A global inventory of small 

floating plastic debris. Environ. Res. Let. 10(12):124006.

Este    es    un    artículo    de    
acceso    abierto    distribuido    
bajo    los    términos    de    la    
Licencia  Creative  Commons  
At r ibuc ión-No  Comerc ia l -
Compartir      igual      (CC      BY-
NC-SA      4.0),      que   permite 
compartir  y  adaptar  siempre  
que  se  cite  adecuadamente  la  
obra,  no  se  utilice    con    fines  
comerciales  y  se  comparta  
bajo  las  mismas  condiciones  
que  el  original

OPEN ACCESS

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



75

CIMAR UAS

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

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

Eastern Pacific
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