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Abstract 

Intertidal benthic organisms are a core force maintaining the structural stability and functional operation of marine 

ecosystems. They not only serve as a key link in the material cycling and energy flow of ecosystems but also include core 

economic species in coastal aquaculture, playing a vital role in marine ecological security and fishery economy. However, 

due to their proximity to terrestrial sources such as cities and rivers, intertidal zones receive terrestrial microplastics 

transported by rivers to coastal areas and the intertidal zones themselves. This leads to higher microplastic concentrations 

in intertidal zones compared to adjacent offshore waters, rendering them one of the most severely microplastic-polluted 

regions. Additionally, areas like beaches exhibit a concentrated distribution of microplastics, exposing the benthic 

organisms inhabiting these habitats to greater risks. After entering the ocean, MPs, due to their characteristics such as 

organic nature and long-term stability, become a substrate for microbial colonization and form the "plastisphere" (microbial 

biofilms on MPs). This poses a serious threat to intertidal benthic communities and may further damage the ecological 

functions and aquaculture value of the intertidal zone. This article reviews the existing research on microbial biofilms in 

the marine plastisphere and further focuses on intertidal zones—regions with particularly severe pollution. It also 

summarizes the harmful effects of microplastics themselves as well as microplastics colonized by microorganisms on 

benthic organisms. Studies have shown that the microbial community in the plastisphere undergoes phased succession, and 

the community contains pathogenic bacteria such as Vibrio and Escherichia coli, which increase the risk of antibiotic 

resistance transmission. Meanwhile, biofilms can enhance the adsorption capacity of MPs for heavy metals, significantly 

increase the uptake of MPs by benthic organisms, and affect the physiological health of some benthic organisms. Although 

the community characteristics of the plastisphere and the pathways of harm to benthic organisms have been clarified, there 

are still weaknesses: insufficient attention to the interaction between biofilms and benthic organisms in the intertidal zone 

(a heavily polluted area), lack of systematic exploration of the transformation potential of plastic-degrading 

microorganisms in the plastisphere, and absence of quantitative analysis of the loss of aquaculture economic value. In this 

regard, the following future research directions are proposed: (1) Focus on the impact of microplastic biofilms in heavily 

polluted intertidal zones on benthic organisms in those areas; (2)Investigating the Laboratory Cultivation Techniques of 

Microplastic-Degrading Microorganisms in Plastisphere Biofilms; (3) Conduct research on the impact of microbial 

biofilms in the intertidal plastisphere on benthic organisms and the quantitative assessment of the loss of aquaculture 

economic value. 
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1. Introduction 

Since the 1950s, plastic products have been widely used due to their excellent physical and chemical properties such as 

low cost, water resistance, and high strength. The scale of the plastic industry has thus expanded year by year, and statistics 

show that the global plastic output reached approximately 367 million tons in 2020[1]。 However, at the same time, due 

to the strong durability and difficulty in degradation of plastics, a large amount of plastic waste accumulates on the earth. 

Studies have estimated that by 2016, the amount of plastic circulating in the marine environment had reached 150 million 

tons. In addition, experts predict that as much as 10% of the generated plastic waste will enter the ocean, and by 2050, the 

total weight of plastic in the ocean will exceed that of fish[2]。Meanwhile, it is estimated that if the currently used waste 

treatment systems are not effectively improved, by 2050, a total of 1.32 billion tons of plastic waste will be present in 

various global environments such as land, freshwater, oceans, and the atmosphere [3]. 

Among all this plastic waste, small plastic particles with a size of less than 5 mm, also known as microplastics (MPs), have 

attracted widespread attention because they may be harmful to human and animal health [1][4]。MPs are divided into 
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primary microplastics and secondary microplastics. Primary microplastics are artificially manufactured intentionally and 

originate from common commercial products such as cosmetics and personal care products. Secondary microplastics are 

mainly derived from larger microplastics, which form smaller microplastics under the action of ultraviolet radiation, 

oxidation, and biodegradation [5][6][7]. 

After entering the ocean, MPs cause many harms to organisms. For example, they cause physical damage such as blockage 

of the digestive tract and frictional damage to marine organisms. In addition, some MPs release toxic chemical substances 

after entering the ocean, which harm marine organisms[8]。Beyond the harm of MPs themselves, MPs also have the 

characteristics of organic nature, long-term stability, chemical inertness, hydrophobicity, and the ability to migrate over 

long distances, so they become a substrate for microbial colonization. This forms an ecosystem where a variety of 

microorganisms multiply on the MP substrate, commonly referred to as the "plastisphere" [9]. Literature indicates that 

microbial colonization on MPs may amplify the toxic effects of MPs. For instance, some pathogenic bacteria (such as 

Vibrio) attach to MPs and can directly enter the bodies of marine organisms through filter feeding, which may have 

negative impacts on the growth, behavior, and feeding of marine organisms[1].These adverse effects constantly threaten 

marine ecological security. 

In the complex marine ecosystem, intertidal benthic organisms are a core force maintaining the structural stability and 

functional operation of the system. As a key component of the benthic microbial food web, benthic ciliates can not only 

prey on microorganisms such as bacteria and algae but also serve as important prey for small benthic organisms. They can 

efficiently transfer primary productivity to higher trophic levels and act as an important link in the material cycling and 

energy flow of the ecosystem[10].Oyster reefs, as typical ecosystem engineers, can form extensive and hard complex reef 

structures, providing shelter for crabs and enhancing their predation control on benthic feeding organisms, thereby 

indirectly protecting microbenthic algae (MPB). At the same time, they support the survival of higher trophic level 

organisms such as birds and economic fish and also have the function of natural coastal protection [11].The Atlantic ribbed 

mussel forms sediment "mounds" through filter feeding and bio deposition, which not only directly promotes salt marsh 

silting but also stimulates the growth of Spartina alterniflora through nutrient-rich bio deposits. Moreover, it constructs 

local ecological hotspots for Spartina alterniflora productivity and macroinvertebrate diversity, significantly improving 

ecosystem functions[12]. These benthic organisms ensure the stability and sustainability of the intertidal ecosystem from 

multiple dimensions, including food web connection, habitat construction, and ecological process regulation. 

However, it is worth noting that due to the proximity of the intertidal zone to terrestrial input sources such as cities and 

rivers, rivers transport terrestrial MPs to coastal areas and the intertidal zone, resulting in a higher concentration of MPs 

in this zone than in adjacent offshore areas. This makes the intertidal zone one of the most severely polluted areas by MPs. 

Areas such as beaches within the intertidal zone also have concentrated distribution of MPs, and thus the benthic organisms 

living here face greater harm [13][14]. Therefore, this article focuses on the intertidal zone, a heavily MP-polluted 

area, summarizes existing studies in the field of the interaction between microbial biofilms on the surface of MPs and 

intertidal benthic organisms, and focuses on the community characteristics of biofilms and their pathways of harm to 

intertidal benthic organisms. The aim is to reveal the harm mechanism of this complex system to benthic organisms and 

provide a theoretical reference for the risk assessment of MP pollution in the intertidal zone and the formulation of 

ecological protection strategies. 

 

2. Microorganisms in the Plastisphere 

The term "plastisphere" was first proposed by Zettler et al. in a 2013 study, referring to a new type of microbial 

community that attaches to the plastic surface and is significantly different from the surrounding environment [15]. 
The plastisphere community undergoes phased succession: the early pioneer communities include primary producers 

such as Diatoms and Cyanobacteria, as well as Gammaproteobacteria and Alpha proteobacteria. After maturation, 
the abundance of Bacteroidetes and Alpha proteobacteria increases, and the influence of environmental factors on 

the community composition is much greater than that of polymer types.[16][17][18].  

Among the numerous studies on microorganisms associated with marine microplastics, existing research has clearly 

confirmed that biofilms attached to the surface of marine microplastics harbor bacterial strains capable of degrading 

microplastics. This biofilm provides a unique enrichment environment for degrading bacterial strains; due to the 

hydrophobicity of microplastics, the degradation efficiency of microplastics by microorganisms within the biofilm 

is significantly higher than that by marine planktonic strains. Additionally, the composition of biofilm 
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microorganisms on the surfaces of different plastic types such as polyethylene (PE) and polypropylene (PP) is highly 
similar, suggesting the potential existence of shared degrading bacterial strains across different plastic types. This 

facilitates the isolation and enrichment of degrading bacterial strains[19]. A variety of degrading bacterial strains have 
been isolated: for instance, Arthrobacter, Bacillus, Kocuria, and Pseudomonas can degrade PE, while Bacillus 
can degrade polyvinyl chloride (PVC), among which Bacillus and Pseudomonas are key strains. Studies have shown 
that Pseudomonas isolated from plastics immersed in the Bay of Bengal can efficiently degrade  PP,  low-density  
polyethylene  (LDPE),  and  high-density  polyethylene  (HDPE); meanwhile, Pseudomonas and 

Lysinibacillus from deep-sea sediments enhance their adhesion to weathered HDPE by increasing extracellular 

matrix, thereby promoting degradation[16]. However, the proportion of degrading bacterial strains culturable in the 
laboratory is less than 1%, and a large number of potential degrading bacterial strains are difficult to obtain via 

traditional culture methods[19]. 
 

 

surfaces[22]. 

3. Impacts of Microplastics in the Ocean on Benthic Organisms 

After entering the ocean, MPs have a significant impact on marine organisms. MPs can enter the bodies of marine 

organisms, and some studies have detected MPs in the bodies of marine benthic organisms, which have caused some 

negative effects. In a 2019 study, Wang et al. detected MPs in 9 species of benthic organisms from 4 sampling sites 

in the southern Yellow Sea, with the highest MP content in the soft tissues of Oregonia gracilis (47.0 no. g⁻¹), 

followed by Liparis tanakae (27.5 no. g⁻¹), Cancer gibbosulus (19.8 no. g⁻¹), and Cleisthenes herzensteini (19.2 

no. g⁻¹). Among the same species of organisms (such as Liparis tanakae and Cleisthenes herzensteini) at the same 

sampling site, smaller individuals had a higher MP content in their gastrointestinal tracts. Common benthic organisms 

such as Ophiura sarsii, Crangon affinis, and Acila mirabilis also accumulate MPs stably, and the MPs in their bodies 

are mainly small particles smaller than 0.5 mm, which usually have more severe toxic effects on marine organisms[23]

。In Terra Nova Bay (Ross Sea, Antarctica), Sfriso et al. conducted an analysis of MP pollution in 12 dominant 

benthic invertebrates from 3 sampling sites. The results showed that 83% of the species contained MPs, and the MP 

content in filter-feeding and herbivorous organisms was significantly higher than that in omnivorous and predatory 

organisms[24]. In addition, Yu et al. investigated the effects of polystyrene microplastics on different life stages of 

intertidal barnacles and found that MPs have significant intergenerational effects. Parental exposure can increase the 

mortality of offspring larvae and delay their development, threatening the long-term sustainability of zooplankton[25]. 
 

4. Impacts of Microorganisms Attached to Microplastics on Intertidal Benthic Organisms 

In addition to the harm of MPs themselves to organisms, it is more noteworthy that the microorganisms colonized on 

MPs may amplify the harm of MPs. In 2021, Fabra et al. conducted a control experiment using European oysters as 

the research object, exposing them to environments with virgin microplastics and virgin microplastics coated with 

Escherichia coli respectively. The experiment found that the concentration of MPs in the oysters in the experimental 

group with Escherichia coli-attached MPs (42.360 ± 23.588 no. g⁻¹) was much higher than that in the group with only 

MPs (11.443 ± 0.4 no. g⁻¹). Moreover, in the group with Escherichia coli-attached microorganisms, 

Nevertheless, MPs are also aggregation points and effective carriers of microbial pathogens and their antibiotic 

resistance genes (ARGs). The interaction between drug-resistant bacteria and MPs forms the plastisphere, and this 

ideal ecological niche is conducive to biofilm formation, which in turn promotes the transmission of ARGs through 

horizontal gene transfer, increasing the occurrence and degree of antibiotic resistance (AMR)[20]。A variety of 

pathogenic bacteria such as Vibrio sps., Escherichia coli, and Acinetobacter have also been found on the surface of 

MPs, with a relatively high abundance of Vibrio. In the marine environment, as the amount of MPs increases, and 

relying on the characteristics of MPs such as high durability and long-distance transmission, the possibility of 

pathogenic microorganisms spreading to new habitats and the outbreak of diseases will increase [20][21]. 

The microorganisms attached to MPs also have a certain impact on the MPs themselves. Many studies have shown 

that these biofilms can make MPs more likely to absorb heavy metals such as copper and lead. At the same time, 

some studies have shown that MPs with attached biofilms can adsorb radioactive cesium and chromium onto their 
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the oxygen consumption and respiration rate of oysters increased significantly with exposure time, while there was 

no significant physiological response in the group with only virgin microplastics. The mortality rate was 3.3% in 

the Escherichia coli-containing group, and 0 in the control group (without any pollutants) and the group with only 

virgin microplastics. This indicates that biofilms can increase the uptake of MPs by marine filter-feeding organisms, 

and studies using only virgin microplastics may underestimate the risk. MPs may act as carriers of pathogens, 

threatening ecological and human health[26]. In a 2024 study, Lin Jianhui et al. used clams (Ruditapes 

philippinarum) from Hainan, China, as the research object. The study found that both virgin MPs and MPs with 

attached biofilms accumulated in the gills of clams, and the accumulation amount of the latter was more significant. 

For example, after 14 days of exposure, the accumulation amount in the PE (polyethylene) group with attached 

microorganisms was higher than that in the PE group, and the accumulation amount in the PET (polyethylene 

terephthalate) group with attached microorganisms reached 125.7 items·g⁻¹. In addition, MPs caused damage to gill 

tissue, and the damage caused by MPs with attached biofilms was more severe. For instance, the gill filaments in 

the PE group with attached microorganisms had more obvious necrosis and breakage than those in the PE group, 

and the PET group with attached microorganisms had more hemocyte infiltration. The study also found that MPs 

induced oxidative stress and immune responses in the gills of clams, and the effects of MPs with attached biofilms 

were stronger. For example, the SOD (superoxide dismutase) activity in the PE and PET groups with attached 

microorganisms was higher than that in the virgin groups, and the ALP (alkaline phosphatase) activity in the PET 

group with attached microorganisms was higher and increased more significantly with time. At the same time, the 

consumption of GSH (glutathione) was faster[27]. 

5. Conclusion and Prospective 

In summary, current researchers have conducted multi-dimensional studies on MPs in the ocean, including studies 

on the mechanism of the impact of marine MPs on marine organisms and research on the composition of microbial 

communities attached to MPs in the ocean[19][28].Relevant achievements have laid a foundation for understanding the 

environmental behavior of MPs. However, there are still obvious weaknesses in existing studies, and future research 

should focus on the following aspects: 

(1) Focus on the impact of microplastic biofilms in heavily polluted intertidal zones on benthic organisms in those 

areas. As a convergence zone of terrestrial and marine pollutants, the intertidal zone has a high accumulation of MPs 

and is prone to be accompanied by pollutants such as heavy metals and pesticides. These pollutants can attach to the 

surface of biofilms or be absorbed by biofilms [13][14][22]， which may change the impact of biofilms on benthic 

organisms in the intertidal zone, possibly enhancing toxicity or altering the food value of benthic organisms. However, 

current studies rarely focus on the intertidal zone and pay insufficient attention to benthic organisms in this heavily 

polluted area. In the future, it is necessary to focus on studying the characteristics of biofilms in the intertidal zone and 

the changes in benthic communities to clarify the special impact of biofilms on benthic organisms in such areas and 

the response mechanism. 

(2) Investigating the Laboratory Cultivation Techniques of Microplastic-Degrading Microorganisms in Plastisphere 

Biofilms. Biofilms on microplastics have been found to contain certain bacterial strains that possess the potential to 

degrade microplastics; however, these strains are difficult to cultivate in the laboratory. Currently, research still focuses 

largely on the degradation efficiency of these microorganisms[16][19][28]. Future studies should focus primarily on the 

cultivation techniques of microplastic-degrading microorganisms, isolate and screen highly efficient degrading 

microorganisms, monitor the types and concentrations of their microplastic degradation products, and simultaneously 

observe changes in the feeding behavior, growth, and community structure of benthic organisms. This is intended to 

clarify the mechanisms underlying microplastic transformation mediated by degrading microorganisms and the 

response of benthic communities. 

(3) Conduct research on the impact of microbial biofilms in the intertidal plastisphere on benthic organisms and the 

quantitative assessment of the loss of aquaculture economic value. Intertidal benthic organisms such as oysters and 

clams are core economic species in coastal aquaculture. Existing studies have found that microbial biofilms in the 

plastisphere affect the growth and health of such benthic organisms[26][27]，which may lead to economic losses in 

aquaculture. However, current studies mostly focus on the ecological effects of microplastic biofilms and lack 
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systematic quantitative analysis of the loss of aquaculture economic value. In the future, it is necessary to conduct 

analytical assessments by combining data such as the aquaculture density of benthic organisms, growth indicators, and 

product pollutant residue detection to clarify the mechanism of aquaculture economic value loss in this process and 

provide a scientific basis for risk prevention and control in coastal aquaculture and compensation for economic losses. 
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