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e The formation and evolution of the
plastisphere is governed by polymer
type and colonization time.

e Colonization time drives microbial
community composition and assembly
in the plastisphere and seagrass bed
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ARTICLE INFO ABSTRACT

Microplastic (MP) pollution in seagrass bed ecosystems has emerged as a significant global concern. However,
Plastisphere the effects of plastisphere formation on organic carbon pools and microbial communities in these ecosystems
Seagrass bed sediments remain unknown. We conducted a 56-day microcosm incubation experiment to study the dynamic changes in
Organic carbon stability physicochemical characteristics, organic carbon fractions and stability, and bacterial community structure in
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seagrass bed sediments during the plastisphere formation process for polystyrene (PS) and polylactic acid (PLA).
The results revealed significant weathering and biofilm formation on both PS and PLA. MPs altered the microbial

community structure in seagrass bed sediments, leading to species turnover. Colonization time emerged as the
key factor driving microbial community assembly, with ecological processes shifting from dispersal limitation to
ecological drift in the plastisphere, while sediments maintained dispersal limitation as the dominant process. The
formation of the plastisphere significantly influenced seagrass bed sediment microbial carbon (MBC) and organic
carbon pool stability. MPs weathering negatively correlated with sediment properties but positively correlated
with microbial communities, jointly modulating carbon pool stability. This study provided a new insight into the
potential risks posed by MPs to carbon cycling and the ecological functioning of seagrass bed ecosystems.

1. Introduction

Plastics are extensively used in daily life due to their durability and
lightweight, including electronics, automobiles, construction, clothing,
cosmetics, toys, packaging, utensils, and disposable plastic products [1].
However, plastics in the environment are challenging to recycle effec-
tively and often degrade into smaller particles or fragments, known as
microplastics (MPs) [2,3], which are defined as particles smaller than
5 mm [4-6]. MPs are ubiquitously detected across various environ-
ments, including marine environments [7], beaches [8], polar regions
[9], and surface waters [10]. Upon entering the environment, MPs
provide new ecological niches for microbial colonization, leading to the
formation of biofilms known as the “Plastisphere” [2,11]. This phe-
nomenon has been documented in marine ecosystems, potentially
impacting marine ecosystem functioning, including carbon cycling,
xenobiotic compound degradation [12], and horizontal gene transfer
[13]. While significant progress has been made in understanding the
composition and diversity of plastisphere communities in marine eco-
systems, there remains a gap in our knowledge regarding the microbiota
of the plastisphere and their ecological roles in seagrass bed ecosystems.

Seagrass beds, one of the important “blue carbon” ecosystems, can
prevent coastal erosion, improve water quality, and provide essential
habitats for various marine organisms [14], thus offering significant
ecological and economic benefits. Simultaneously, seagrass bed eco-
systems act as highly efficient natural carbon sinks that can fix up to
several hundred grams of carbon per square meter per year, accounting
for about 10 % of the organic carbon annually fixed in the ocean.
However, recent studies have shown that MPs pose a potential threat to
seagrass bed ecosystems, which have been identified as a long-term sink
for MPs. The sources of MP pollution in seagrass beds are predominantly
attributed to anthropogenic activities, including marine tourism, fishing
operations, maritime transport, and oceanic exploration, which
contribute substantial amounts of plastic waste and derelict fishing gear
[15,16]. Recent investigations have reported that MP particles were
detected on both sediment surfaces and seagrass blades [17,18], with
emerging evidence suggesting that seagrass meadows can act as natural
filters for microplastics, capturing and retaining diverse MP types
[11-13]. The interaction between MPs and seagrass systems includes
multiple mechanisms. Upon contact, MPs adhering to seagrass blades
may be physically similar to the epiphytes, creating a shading effect by
clogging seagrass cells, thereby reducing light attenuation and nutrient
transfer [19,20]. Prolonged MP exposure may alter seagrass structure in
seagrass, prevent rhizome vertical growth, and increase vulnerability to
colonization and sedimentation [21]. Furthermore, epiphytic commu-
nities on seagrass leaves have been demonstrated to facilitate MP
accumulation [17,22]. Once in seagrass bed sediments, MPs may affect
microbial communities, leading to altered nutrient cycling [4], and can
also serve as carriers of heavy metals and residual monomers, poten-
tially elevating local sediment contamination levels [23]. Particularly,
MPs can be absorbed by seagrass blades and subsequently enter the food
web, accumulating at higher trophic levels, thereby jeopardizing food
security and human health [17].

Sediment organic carbon (SOC) pools play a crucial role in global
carbon cycling and climate regulation, serving as significant carbon

sinks in various ecosystems [24]. Coastal ecosystems, particularly sea-
grass beds, are recognized as major CO; sinks, capable of storing large
carbon reserves in sediments and sequestering them over millennial
timescales [25]. Recent studies suggest that multiple factors, including
sediment grain size, microbial activity, and vegetation dynamics, can
influence SOC accumulation and stability in coastal sediments [26,27].
MP-derived carbon was initially captured by seagrass leaves and sub-
sequently sequestered in sediments. This MP carbon shows reduced
mobility within marine carbon cycles and enhanced resistance to mi-
crobial degradation[28]. This characteristic may potentially enhance
long-term carbon storage in seagrass bed sediments and alleviate MP
pressure on adjacent ecosystems, which is evidenced by the documented
positive correlation between particulate organic carbon (POC) and MP
accumulation in seagrass sediments [29]. The chronic accumulation of
MPs may change the structure of the sediment, affecting their density
and stability [30]. These changes could have profound impacts on
ecosystem-level carbon cycling. Moreover, the formation of plastisphere
communities in seagrass bed environments may introduce additional
complexity to these dynamics. This biological-MP interface may modify
sediment physicochemical properties and reshape microbial community
structures, subsequently influencing organic matter transformation
processes. However, the mechanistic understanding of these interactions
and their implications for carbon pool stability remains inadequately
explored.

The present study aims to investigate the effects of plastisphere
formation on the dynamics of organic carbon fractions and bacterial
communities in seagrass bed sediments. We hypothesize that (1) the
characteristics of the plastisphere will vary depending on the type of
polymer and colonization time; (2) the plastisphere will affect sediment
organic carbon fractions through both direct and indirect mechanisms;
(3) colonization time will be a key driver in the stability of organic
carbon pools and the structure of microbial communities in seagrass bed
sediments. This study has theoretical and practical implications for
assessing the long-term environmental and ecological of MPs in seagrass
bed ecosystems.

2. Materials and methods
2.1. Microcosm incubation experiment

A microcosm incubation experiment was conducted in a climate-
controlled chamber based on protocols from previous studies [31].
The experiment focused exclusively on sediments from seagrass habi-
tats, excluding the seagrass itself, with a 56-day exposure period to
simulate MP contamination in sediments (details in Text S1, Supple-
mentary Materials). Previous research has demonstrated that microbial
colonization on microplastic surfaces typically undergoes distinct suc-
cession stages, with initial rapid colonization followed by community
stabilization, which generally occurs within 6-8 weeks [32]. This
duration of 56 in our study is sufficient for the development and stabi-
lization of plastisphere microbial communities, thus providing a
comprehensive view of the temporal changes in community assembly
processes and organic carbon dynamics. A single medium concentration
(1 %, w/w) of polystyrene (PS) and polylactic acid (PLA) microplastics
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was selected to represent non-biodegradable and biodegradable MPs,
respectively. The background MP levels were not measured in this study,
previous investigations in the same region have reported concentrations
ranging from 93.3 to 780.2 particles/kg in seagrass bed sediments [33].
All experimental sediments were collected from the same location to
ensure consistent background conditions across treatments. The selec-
tion of 1 % (w/w) MP addition to sediment was informed by previous
studies [21-23]. Although this concentration exceeds current environ-
mental levels, it represents a potential future scenario due to the
increasing trend of plastic pollution in marine ecosystems. This higher
concentration allows for a clearer observation of potential impacts and
mechanisms.

Commercial PS and PLA microplastic pellets (size: 0.55-0.83 mm)
were purchased from Beijing Anterail Technology Co., Ltd, and their
main characteristics and pretreatments are shown in Text S1 and
Table S1. Before starting the incubation experiments, microplastic pel-
lets were surface-sterilized under UV light for 30 min. Sediment samples
(1110 g) were then mixed with microplastic particles (11.1 g). The
mixture was thoroughly homogenized using a rolling mixer for 30 min to
ensure uniform distribution. The experiment comprised a control
(without MPs) and two MP treatments, and each treatment was con-
ducted in triplicate. The incubation temperature was maintained at 25°C
in the dark, representing typical summer sediment temperatures in
seagrass habitats.

To reactivate the microbial communities in the sediments, 400 mL of
artificial seawater was added for one week of domestication. Artificial
seawater was prepared by dissolving 33.33 g of sea salt (Guangzhou Yier
Bioengineering Co., Ltd) in 1 L of deionized water, as detailed in Text S1.
Following the one-week reactivation period, the formal incubation
began, with daily additions of artificial seawater to maintain a 2 cm
water column above the sediment surface. Sampling was conducted at
intervals of 0, 7, 14, 28, and 56 d. To avoid disruption of the incubation
system dynamics during sampling, a destructive sampling approach was
implemented. At each sampling point, 250 g of the sediment-MP mixture
was collected for the analysis of both MPs and sediments, as well as for
microbiological analyses.

2.2. Characterization of physicochemical properties

The pristine and incubated MPs were characterized using several
analytical techniques, including scanning electron microscopy (SEM,
TESCAN MIRA LMS), Attenuated Total internal Reflectance Fourier
Transform Infrared spectroscopy (ATR-FTIR, PerkinElmer Spectrum
3TM), X-Ray Diffraction (XRD, MiniFlex600), and X-Ray Photoelectron
Spectroscopy (XPS, Thermo Fisher Scientific ESCALAB Xi), to assess
surface morphology, functional groups, crystallinity, and chemical
composition. Biofilm biomass on pristine and incubated MPs was
quantified using the crystal violet staining method [34]. The carbonyl
index (CI), an important indicator for evaluating the degree of surface
weathering and oxidation of microplastic particles [35], was calculated
from the obtained ATR-FTIR spectra [36]. Further details are provided
in Text S2. In addition, sediment properties were also analyzed,
including pH, total phosphorus (TP), NH4-N, and NO3-N and detailed
information is available in Text S3.

2.3. Determination of sediment organic carbon fractions and calculation
of carbon pool management index

Sediment organic carbon (SOC) was quantified using commercial
assay kits (Suzhou Keming Biotechnology Co., Ltd). Dissolved organic
carbon (DOC) in the sediments was extracted by shaking the samples
(30 min, 250 rpm) with deionized water at a water-sediment ratio of 5:1
followed by filtration through a 0.45 pm membrane. The filtrate was
then determined using a TOC analyzer (TOC-L CPH CN200). Sediment
microbial biomass carbon (MBC) was determined by the chloroform
fumigation-extraction method [37]. Easily oxidizable organic carbon
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(EOC) content was measured by the potassium permanganate (KMnOj4)
oxidation colorimetric method [38]. The concentration of sediment
recalcitrant organic carbon (ROC) was calculated using the formula ROC
=SOC-EOC [39].

The Carbon management index (CMI) was used to evaluate the ef-
fects of plastisphere formation on the stability of the sediment carbon
pool. The CMI was calculated following established methods from pre-
vious studies[38], with further details provided in Text S4.

2.4. DNA extraction and high-throughput sequencing

Sediment and incubated MP samples were collected at 14 and 56
days for bacterial community analysis. Detailed procedures for bacterial
community analysis are available in Text S5. Sequences with 97 %
similarity were clustered into operational taxonomic units (OTUs) using
USEARCH software, and the taxonomy of the OTUs was assigned ac-
cording to the RDP classifier. Detailed information for alpha diversity
indices (ACE, Chaol, Shannon, Simpson, and observed OTUs), beta di-
versity, potential metabolic functions, and co-occurrence network
analysis is shown in Text S5. To examine bacterial community assembly
and ecological processes, -nearest taxon index (f-NTI) and Bray-Curtis-
based-Crick Index (RCpay) values were calculated, with further details
shown in Text S6. Relationships between MP characteristics, sediment
physicochemical properties, microbial community compositions, and
sediment organic carbon fractions were estimated using Partial Least
Squares Structural Equation Modeling (PLS-SEM) in Smart-PLS software
[40].

2.5. Statistical analysis

All experimental data are presented as mean + standard deviation
(SD) based on three replicates. Data analysis was conducted using Excel
2019 and SPSS 26.0 software, while figures were generated using R
version 4.3.3 and OriginPro 2024. We mainly conducted statistical
analysis on response variables such as the physical properties of
microplastics, sediment organic carbon pool, sediment physicochemical
parameters, and microbial community composition indicators. Prior to
analysis, the Kolmogorov-Smirnov test was used to assess the normality
of the data, and then Levene’s test was used to further verify whether the
data satisfied the homogeneity of variance to ensure the appropriateness
of the application of analysis of variance (ANOVA). A one-way ANOVA
and Duncan analysis multiple comparisons were used to assess the sig-
nificance of differences among the experimental treatments, and the
difference with p values < 0.05 was statistically significant. Moreover, to
elucidate the temporal dynamics and polymer-specific effects on plas-
tisphere formation, a two-way ANOVA analysis was applied with colo-
nization time and MP polymer type as independent variables. Principal
coordinate analysis (PCoA) based on Bray-Curtis dissimilarity matrices
was performed to evaluate beta diversity and visualize the differences in
microbial community composition across treatments using majorbio
online platform. Neutral community models were implemented to
investigate the ecological processes governing bacterial community as-
sembly in both plastisphere and MP-treated seagrass bed sediments
using R statistical software. Co-occurrence network analysis was per-
formed using Spearman rank correlations[41] (thresholds: r value >
0.65, p value < 0.05) with R software, and visualized by the
Fruchterman-Reingold layout in the Gephi v.0.10.1 software. The pu-
tative functional profiles of the bacterial communities in sediments and
plastisphere were predicted by the Functional Annotation of Prokaryotic
Taxa (FAPROTAX) database [42].
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3. Results

3.1. Characteristics of MPs and their biofilms during the incubation

process

3.1.1. Surface functional groups and chemical composition
ATR-FTIR spectra (Fig. 1a-b) show the changes in functional groups
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of the pristine and aged MPs in seagrass bed sediments during the in-
cubation process. After 56 d of exposure, significant changes in the
characteristic peaks of the studied PLA (-C=0- at 1750 cm’l, -C-O- at
1185, 1080 cm !, and Si-O at 534 cm ™) and PS (C-O at 1000 cm ' and
-CH,- at 536 cm 1) were observed. Biodegradable PLA exhibited more
dynamic changes compared with the gradual oxidation of PS, as evi-
denced by stronger fluctuations in CI index values (Fig. 1e). The initial
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Fig. 1. FTIR spectra (a-b), XPS wide scan (c-d), and changes of carbonyl index (CI) (e) and O/C ratio (f) of the different pristine and incubated MPs in seagrass bed

sediments over colonization time.
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CI reduction in PS might be attributed to the degradation or detachment
of surface oxidized layers, while the later increase suggests ongoing slow
oxidation.

XPS spectra and O/C ratio of pristine in seagrass bed sediments are
presented in Fig. 1 and Fig. S1. XPS (Fig. 1c-d) analysis revealed sig-
nificant alterations in the surface elemental composition of MPs during
the incubation process in seagrass bed sediments. A considerable pro-
portion increase in oxygen (O, 530.90 eV) was observed, indicating
extensive surface oxidation. Moreover, a small amount of nitrogen (N,
400.04 eV) was detected, revealing the accumulation of N-containing
organic substances after incubation. Meanwhile, silicon (Si, 103.4 eV)
appeared on the MP surface, indicating the adherence of diatoms or
silicon-containing substances to the surface of incubated MPs, consistent
with the FTIR results. The O/C ratio (Fig. 1f) exhibited distinct temporal
patterns for both polymers. PLA showed an initial increase followed by a
decrease, while PS demonstrated a more complex oscillatory pattern
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with multiple fluctuations. Both polymers experienced a notable decline
in the O/C ratio at day 14, with PS showing a more pronounced
reduction.

High-resolution XPS analysis of Cls and Ols spectra (Fig. S1)
revealed distinct surface chemical alterations in two types of MPs
following incubation. PLA exhibited no formation of new oxygen-
containing functionalities, but the relative proportions of pre-existing
oxygen-containing functional groups changed, particularly evidenced
by a marked decrease in ether bond content. For PS, the Ols spectrum
showed the emergence of C=0 and O—C-O functionalities post-
incubation. These findings suggest the significant impact of weath-
ering on the surface chemistry of MPs in seagrass bed sediments, spe-
cifically the generation of oxygenated functional groups.

3.1.2. Surface crystallinity structure
Fig. S2a-b shows the XRD scans of pristine and incubated MPs in

Fig. 2. SEM images of the studied MPs before and after exposure to seagrass bed sediments.
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seagrass bed sediments. PLA showed progressive increases in crystal-
linity degree, reaching 13.56,10.51,11.91, 10.18, and 4.30 times higher
than the pristine samples at successive time points. In contrast, PS
samples maintained relatively stable diffraction patterns in the early
stages of incubation, followed by a sharp increase in peak intensities at
56 d, accompanied by a substantial increase in crystallinity degree.
These observations suggest significant structural reorganization of the
polymer matrices during the incubation process.

3.1.3. Surface morphology and biofilm biomass

Fig. 2 presents the surface morphology variations of pristine and
incubated MPs in the seagrass bed sediments during the cultural process.
As shown in Fig. 2a and g, pristine MPs exhibited relatively smooth and
homogeneous surfaces. With the extension of incubation time, the sur-
faces of PLA and PS showed different degrees of erosion, with cracks and
pores increasing. PLA demonstrated more pronounced erosion charac-
teristics than PS, with both polymers showing intensified surface erosion
at 14 d, characterized by irregular pits and pores with different sizes.
This critical degradation phase coincided with significant microbial
colonization, as verified by biofilm biomass measurements (ODsgs,
Fig. S3). For both MPs, the biofilm biomass showed a trend of increasing
and then decreasing, which may be related to the development and
succession process of the biofilm (Fig. S3). Compared to PS, PLA
demonstrated more rapid initial colonization (0-7 d) and faster micro-
bial succession rates.

3.2. Sediment physicochemical and organic carbon pools characterization

3.2.1. Changes in sediment physicochemical characteristics

MP exposure presented significant and time-dependent alterations in
sediment nitrogen dynamics (Fig. S4). Compared to control, PLA
significantly elevated NHZ-N content at both 14 and 56 d, while PS
showed a 0.6-fold increase at 56 d (Fig. S4a, F=22.19, p < 0.01). Both
PLA and PS treatments significantly reduced sediment NO3-N levels at
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the initiation of the experiment (Fig. S4b, F-value=14.66, p < 0.05). As
colonization time extended, the impact of MPs on NO3-N contents
diminished, with all treatments showing a significant reduction fol-
lowed by stabilization.

The presence of MPs slightly affected the pH of the seagrass bed
sediments (Fig. S4c). PLA initially decreased sediment pH, while PS
caused a slight increase, with both treatments showing reduced pH
levels by day 56 compared to control. Additionally, the TP content in
sediments exhibited complex and polymer-specific trends over the
colonization time (Fig. S4d). PLA and PS treatments showed opposing
effects on sediment TP content, with their effects reversing by day 56,
thereby emphasizing the dynamic nature of MPs-sediment interactions.

3.2.2. Changes in sediment organic carbon fractions

The effects of MPs on the organic carbon fractions of seagrass bed
sediments were assessed over various incubation periods (Fig. 3). Our
analysis revealed distinct temporal patterns in the response of various
organic carbon fractions to MP exposure in seagrass bed sediments. The
labile carbon pools (DOC, EOC, and MBC) presented similar trends over
time: In the early stages (0-14 d), sediment DOC, EOC, and MBC
significantly decreased (Fig. 3a, b, and c). Subsequently, they increased
from day 14-28 and became stable from day 28-56. In contrast, sedi-
ment SOC and ROC fractions remained relatively stable across all
treatments and time points, suggesting limited MP impact on these
persistent carbon fractions over the experimental duration.

3.2.3. Changes in carbon pool stability index

The effects of the addition of both PLA and PS microplastics on
sediment CA, LI, and CMI were significant with the extension of incu-
bation time in Table S2. The CA of PLA generally exceeded that of PS
(except 7, 56 d), suggesting enhanced organic carbon transformation
and microbial utilization efficiency in PLA-treated sediments. The CMI
values for sediments treated with PLA were consistently lower than
those treated with PS, indicating that the addition of PLA increased the
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Fig. 3. Temporal dynamics of organic carbon fractions in sediments exposure to different MP types: DOC (a), EOC (b), MBC (c), ROC (d), and SOC (e) contents under
different incubation times. Values are means + SD with three replicates. Capital letters (A-E) indicate significant differences across incubation times within the same
MP treatment (p < 0.05). Lowercase letters (a-c) indicate a significant difference between PLA and PS treatment at each time point (p < 0.05). Unmarked letters and *
indicate non-significant differences. Asterisks denote levels of significance: *p < 0.05, **p < 0.01, ***p < 0.001.
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organic carbon fraction dynamics but decreased the stability of the
sediment carbon pool. It is worth noting that LI and CMI of sediments
peaked at 14 days followed by a decline, highlighting the temporal
evolution of MP-sediment interactions and their influence on carbon
pool dynamics.

3.3. Changes in plastisphere and sediment bacterial compositions and
functions

3.3.1. Diversity and compositions of bacterial communities

We explored the differences in diversity and composition of bacterial
communities between the plastisphere and the MP-treated sediments. At
14 d of incubation, the bacterial diversity on PLA surfaces was observed
to be higher than that of PS with a higher OTU number, ACE, Chaol, and
Shannon index (Fig. S5A). However, as the incubation period extended
(56 d), the differences in bacterial community diversity between PLA
and PS diminished. The changing trends of bacterial community di-
versity in MPs-treated sediments over colonization time were consistent
with those of plastisphere (Fig. 4B). Throughout the incubation period,
the total amount of observed OTUs, ACE, Chao, and Shannon indices at
56 d in plastisphere and MP-treated sediments were significantly higher
than those at 14 d. Conversely, the Simpson index decreased over
colonization time. The results also demonstrated substantial differences
in community diversity between the plastisphere and sediments, as well
as temporal changes in bacterial community structure.

The beta diversity of bacterial communities for plastisphere and
sediments was analyzed by PCoA based on Bray-Curtis dissimilarity
(Fig. S6). Initially, at 14 d, plastisphere bacterial communities showed a
clear separation between PLA and PS, with MP type strongly influencing
community composition (70.98 % variation explained by PC1).
Concurrently, sediment bacterial communities exhibited distinct clus-
tering among CK, PLA-treated, and PS-treated groups, suggesting that
the presence of MPs significantly affected sediment bacterial composi-
tion. By 56 d, both plastisphere and sediment bacterial communities
demonstrated convergence trends, with reduced separation between
treatments, suggesting adaptive processes over time. Notably,
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plastisphere bacterial communities displayed more pronounced initial
differences and subsequent convergence compared to MP-treated sedi-
ment communities, indicating the greater heterogeneity of the plasti-
sphere as a microbial habitat.

It was also found that the formation of the plastisphere induced
changes in the composition of the sediment bacterial community. At day
14, the plastisphere was dominated by Proteobacteria (relative abun-
dances of 60.98 % and 72.63 % for PLA and PS, respectively) and Bac-
teroidota (relative abundances of 13.12 % and 11.79 % for PLA and PS,
respectively) (Fig. 4A). As the incubation duration increased, Proteo-
bacteria abundance increased on PLA biofilms but decreased on PS
biofilms, while Bacteroidota abundance increased on both MPs. Control
sediments without MPs were primarily dominated by Proteobacteria
(48.54 %) and Firmicutes (14.25 %). The addition of MPs significantly
enhanced the relative abundances of Proteobacteria, Bacteroidetes, and
Desulfobacterota (Fig. 4B). Moreover, the relative abundance of Proteo-
bacteria in sediments at 56 d was significantly lower than that at 14
d across all treatments. The plastisphere exhibited distinct bacterial
community patterns compared to sediments, characterized by higher
Proteobacteria abundance and lower Firmicutes representation. Interest-
ingly, Planctomycetota and Patescibacteria appeared in the plastisphere in
the late stage of incubation, and the relative abundance of these two
bacteria on the PS surface was significantly higher than that on the PLA
surface, indicating that biodegradable and non-biodegradable micro-
plastics showed different preferences for bacterial communities. In
contrast, Campilobacterota and Bdellovibrionota disappeared from both
plastispheres. This phenomenon was also similarly found in the sedi-
ments, i.e., Gemmatimonadota and Planctomycetota appeared in the late
incubation stage, with the disappearance of Bdellovibrionota and
Myxococcota.

In order to further explore the complexity and stability of the bac-
terial community structures in plastisphere and sediments, the co-
occurrence networks analysis was carried out (Fig. 4C). At plasti-
sphere 14 d, the network associated to PS and PLA plastisphere exhibited
3023 edges and 188 nodes, whereas at 56 d, it increased to 3422 edges
and 216 nodes. In comparison, the sediment networks demonstrated
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Fig. 4. Relative abundance of microbial communities in the incubated MPs (A) and MPs-treated seagrass bed sediments (B) at the phylum level at 14 d and 56 d Co-
occurrence network of bacterial communities in the incubated MPs (C) and MPs-treated seagrass bed sediments (D).
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1730 edges and 188 nodes at 14 d, and 2540 edges and 218 nodes at 56
d (Fig. 4D). With the increase of colonization time, the network structure
of plastisphere and sediment bacterial communities tended to be com-
plex and stable. Moreover, the microbial network in the plastisphere was
more intricate and stable compared to those in sediments. This trend is
consistent with the results of the alpha and beta diversity analysis
described above.

3.3.2. Functional bacterial communities in plastisphere and sediment

FAPROTAX analysis identified 54 significantly altered functional
groups out of 70 total groups (Fig. S7). Fig. 5A showed that the carbon
(C), nitrogen (N), and sulfur (S) cycles in the plastisphere changed
significantly with the increase of colonization time. For C cycles, both
PLA and PS plastisphere initially suppressed aerobic chemoheterotrophy
and hydrocarbon degradation, while photoautotrophy and fermentation
slightly increased, with more pronounced effects in PLA. In sediments,
the relative abundance of most functional groups increased over time
with the presence of MPs. Notably, the dominant chemoheterotrophy
and aerobic_chemoheterotrophy communities decreased significantly
over time (Fig. 5B).

Nitrogen cycling functions demonstrated contrasting trends between
polymer types: increasing in PLA plastisphere while decreasing in PS
plastisphere. It is worth noting that despite an overall decrease, nitrifi-
cation and aerobic nitrite oxidation functional groups increased signif-
icantly. A similar increase of nitrification and aerobic nitrite oxidation
over time was observed in sediments.

In terms of S cycling, hypoxic photoautotrophic phenomena
increased over time, especially on PLA plastisphere (Fig. 5A).
Conversely, dark oxidation, dark sulfur oxidation, and dark sulfite
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oxidation processes decreased with colonization time. In sediments, PLA
initially enhanced dark sulfur oxidation and dark sulfite oxidation, while
both MPs subsequently inhibited sulfur respiration and thiosulfate
respiration compared to controls. These findings demonstrate the tem-
poral evolution of MP-induced alterations in bacterial functional ecol-
ogy within seagrass bed sediments.

3.3.3. Key ecological processes assembling bacterial community in
plastisphere and sediments

The balance between ecological niche (determinism) and neutrality
(randomness) plays a key role in shaping microbial communities, thus it
is essential to evaluate the relative contributions of these ecological
processes in the assembly of bacterial communities on the plastisphere
and sediments. Neutral Community Model (NCM) indicated that the
construction of plastisphere and sediment bacterial communities was
predominantly influenced by stochastic processes (Fig. S7). As the
colonization time increased from 14 to 56 d, the r* value decreased from
0.859 to 0.8466, suggesting an increased influence of deterministic
processes on bacterial community construction. This shift was further
supported by decreasing migration rates (m), indicating enhanced local
stochastic drift in community assembly over time.

B-NTI values were further calculated to assess the relative impor-
tance of deterministic and stochastic processes in the assembly of bac-
terial communities in plastisphere and sediments (Fig. S8). The results
revealed predominant stochastic processes in both environments, with
values ranging from —1.75-1.37 in plastisphere, and —2.388-1.55 in
sediments. This finding is consistent with the conclusions of the NCM
analysis. The wider B-NTI range in sediments suggests stronger deter-
ministic influences compared to the plastisphere. Combined p-NTI and
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Bray-Curtis-based Raup-Crick (RCbray) analyses were utilized to
approximate the relative contributions of different assembly processes.
In the plastisphere, RCbray values were predominantly above 0.95 at
day 14, indicating that dispersal limitation was the primary factor
influencing bacterial community assembly. However, as the incubation
period extended to 56 d, we observed a shift in RCbray values below
0.95, suggesting a transition towards ecological drift or other stochastic
processes. These findings illuminate a dynamic progression in the bac-
terial community assembly mechanisms on plastisphere over time,
highlighting the importance of colonization time as a key factor in the
development and succession of plastisphere communities. However,
sediment communities maintained dispersal limitation (RCbray > 0.95)
throughout the incubation period, demonstrating temporal stability in
their assembly processes.

3.4. Mechanisms governing sediment organic carbon dynamics during
plastisphere formation

PLS-SEM analysis was used to reveal the possible mechanisms
affecting the organic carbon dynamics of seagrass bed sediments during
the plastisphere formation. Fig. 6 shows the complex interplay between
MP weathering characteristics, sediment physicochemical properties,
and bacterial community dynamics in modulating the interactions
among sediment organic carbon fractions and their collective impact on
the stability of the overall organic carbon pool. The goodness-of-fit index
is 0.314, which indicates that the model can explain this relationship
well. MPs weathering characteristics demonstrated a significant nega-
tively correlation on sediment physicochemical properties (path coeffi-
cient of —0.759) and reactive organic carbon (path coefficient of
—0.604), and presented a weak positively correlation on sediment mi-
crobes (path coefficient of 0.233). Additionally, significant positively
correlations between sediment microbes and the organic carbon fraction
were observed, suggesting the crucial role of microbial communities in C
cycling process. These observations collectively indicate that MPs
weathering can directly or indirectly affect sediment organic carbon
fractions by regulating sediment physicochemical properties and mi-
crobial community structures or functions, ultimately shaping the sta-
bility of seagrass bed sediment organic carbon pools.

4. Discussion
4.1. Key factors affecting plastisphere formation

After 56 d of exposure, significant changes in the surface properties
of the studied MPs were observed. ATR-FTIR and XPS analyses revealed
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an increase in oxygen-containing functional groups and the presence of
silicon on the MP surfaces, indicating radical-based oxidation processes
and the adsorption of silica-containing particles. These findings are
similar to previously reported results in mangrove sediments and other
aquatic environments [43,44]. XRD analyses revealed that the MP
diffraction peak intensities and crystallinity exhibited significant dif-
ferences in all treatment groups. In addition, observation of the surfaces
of aged MPs using SEM revealed the formation of irregular pits and
holes, creating diverse microhabitats conducive to plastisphere devel-
opment. Similar morphological changes have been reported in other
oceanic environments, including estuary [45], seawater [34], beach
[46], and mangrove sediments [40,44].

The weathering characteristics of MPs and plastisphere formation in
seagrass bed sediments are governed by a complex interplay of polymer
type and duration of colonization. Compared with the gradual oxidation
of PS, PLA exhibited more dynamic changes with stronger fluctuations
in CI index values, more pronounced erosion features, and reduced
crystallinity degree of PLA, which might be attributed to the occurrence
of chain scission of MP polymer during weathering [40]. Compared to
PS, PLA surfaces experienced faster and more extensive microbial
colonization during the early incubation period and more rapid suc-
cession rates later in the experiment. This could be attributed to the
higher surface reactivity and biodegradable nature of PLA, potentially
offering more favorable attachment sites for early colonizing pioneering
microorganisms or releasing bioavailable oligomers that serve as
nutrient sources, stimulating microbial growth during the initial period.
In contrast, the relatively inert nature of PS led to a less dynamic mi-
crobial community. These findings aligned with previous studies, which
have shown that biodegradable MPs are more susceptible to environ-
mental weathering than non-biodegradable ones [47], likely due to
differences in polymer properties such as molecular weight, crystal-
linity, and co-polymer composition [48].

Two-way ANOVA analysis (Table S3) revealed that colonization
time, rather than MP types, is the dominant factor driving the formation
and evolution of the plastisphere. ATR-FTIR and XPS analyses revealed a
gradual increase in oxygen-containing functional groups over time. This
finding aligned with previous observations in mariculture settings [34].
Both MPs exhibited their lowest CI values, increased surface erosion,
and a decreased O/C ratio at 14 d, suggesting a potential inflection point
in the weathering process within seagrass bed sediments. PLA showed
greater sensitivity to colonization time in the early incubation stages,
possibly attributed to the degradation of crystalline regions or polymer
chain hydrolysis. In contrast, PS exhibited more significant changes in
the later stages, possibly due to stress-induced crystallization or for-
mation of orderly structures through chain scission and reorientation
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after prolonged environmental exposure. Moreover, biofilm biomass on
MP surfaces exhibited a non-linear trend over colonization time,
reflecting distinct phases of plastisphere evolution. During the initial
stage (0-7 d), MPs rapidly adsorbed nutrients, providing a favorable
substrate for microbial attachment. Between 7 and 14 d, biofilm growth
slowed as communities matured. After 14 d, biofilm biomass decreased,
possibly due to nutrient depletion and waste accumulation, leading to
microenvironment deterioration detachment of microbial colonies. This
pattern diverged from previous studies reporting continuous biomass
increases [49], suggesting a more complex relationship between colo-
nization time and biofilm development. The observed decline in later
stages warranted further investigation into potential mechanisms, such
as resource limitations, interspecies competition, or changes in MP
surface properties.

4.2. Effects of time-course plastisphere formation on sediment
physiochemical properties

PLA and PS showed distinct impacts on nitrogen cycling in sedi-
ments. NH4-N levels were consistently lower in PLA-treated sediments
compared to the control, suggesting enhanced ammonium uptake or
increased nitrification [50]. This effect could be attributed to the
biodegradable nature of PLA, which may support ammonium-utilizing
microbial communities or create microenvironments favorable to nitri-
fying bacteria. In contrast, the low and gradual increase in NH4-N in
PS-treated sediments may result from initial colonization by
ammonia-oxidizing microorganisms, followed by changes in microbial
community function or sediment conditions that promote ammonium
accumulation over time. Compared to the control, PLA and PS treat-
ments initially reduced sediment NO3-N contents, suggesting that MPs
may favor denitrification or inhibit nitrification in the short term [37].
As colonization time extended, however, the impact of MPs on NO3-N
contents diminished, with all treatments showing a significant reduction
followed by stabilization. The convergence of NOs-N levels in the later
stages suggested that a new equilibrium in N cycling may have been
established as the sediment microbial community composition adjusted
with the maturation of the plastisphere. In addition, MPs addition
increased the release of N9O, suggesting that MPs may impact denitri-
fication processes [51]. The observed changes in nitrogen dynamics
coincided with the development and maturation of the plastisphere. The
peak changes in NHj -N and NO3-N levels at 14 d aligned with the period
of maximum biofilm formation, suggesting a strong link between mi-
crobial colonization of MPs and alterations in sediment N cycling.

4.3. Colonization time driving composition and assembly of microbial
communities in the plastisphere and seagrass bed sediments

As colonization time increased, we observed higher OTU, ACE,
Chaol, and Shannon indices in both the plastisphere and MP-treated
sediments, indicating an overall increase in species richness and di-
versity over colonization time. Similar results have been reported in
freshwater lakes and rivers[47]. At 14 d, PLA surfaces and PLA-treated
sediments exhibited greater bacterial diversity, with higher OTU
numbers, ACE, Chaol, and Shannon indices than PS. However, as the
incubation extended to 56 days, the differences in bacterial community
diversity between PLA and PS diminished, indicating the convergence of
microbial communities in the plastisphere and sediments, consistent
with previous reports [52].

Over time, MP surfaces degrade and develop biofilms, creating mi-
croenvironments similar to surrounding sediments [41,53]. Microbial
communities on MPs and in sediments adapt, develop shared metabolic
capabilities [2,13], and experience continuous dispersal [54], leading to
the convergence of bacterial communities between MPs and sediments.
This convergence is further driven by the equalization of selection
pressures and resource availability over time [55], along with the
development of functionally similar microbial communities [56]. This
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trend was further verified by the decreasing distance for both the plas-
tisphere and sediments in the PCoA analysis. Moreover, more pro-
nounced initial differences in bacterial communities were observed in
the plastisphere compared to MP-treated sediments, followed by a
stronger convergence over time. This can be attributed to the higher
heterogeneity of the plastisphere as a microbial habitat compared to the
relatively homogeneous sediment environment.

Bacterial community compositions in the plastisphere and MP-
treated sediments also varied significantly with colonization time, con-
firming temporal heterogeneity in bacterial succession. Previous studies
also found similar results that colonization time drives community
structure on different MP surfaces and in surrounding marine environ-
ments [57]. In our study, Proteobacteria and Bacteroidota dominated the
plastisphere, likely due to their rapid colonization and biofilm-forming
abilities, while Proteobacteria and Firmicutes dominated the sediments.
As colonization time increased, the relative abundance of Proteobacteria
increased on PLA surfaces, possibly attributed to their metabolic
versatility and ability to degrade PLA [56]. In contrast, their abundance
decreased on PS surfaces and in sediments, likely due to the recalcitrant
nature of PS and the depletion of labile organic matter in sediments,
leading to more diverse and stable microbial communities. Notably,
species turnover was observed in the later stages of incubation, with new
species appearing and old ones disappearing, suggesting succession
within the communities. Planctomycetota emerged in both the plasti-
sphere and sediments, likely due to their ability to degrade complex
organic matter and their particle-associated lifestyles [58]. Patescibac-
teria appeared in the plastisphere, possibly related to their symbiotic role
in mature biofilms [59]. Gemmatimonadota emerged in sediments,
potentially attributed to their adaptation to low moisture and nutrient
conditions [60]. Campilobacterota and Bdellovibrionota disappeared from
MP surfaces, while Bdellovibrionota and Myxococcota were no longer
detected in sediments, suggesting shifts in community structure and
nutrient availability. This succession pattern indicates a transition from
early colonizers to a more specialized community adapted to the
evolving microenvironments [2,61].

The community succession was further verified by co-occurrence
network analysis. As colonization progressed, bacterial communities in
both plastisphere and sediments diversified, leading to more complex
networks with increased interconnections, indicating the establishment
of syntrophic relationships, metabolic dependencies, and niche parti-
tioning [62]. Moreover, the increased stability of these networks over
time indicates the formation of a more resilient community structure,
better adapted to the specific microenvironments of the plastisphere and
MP-treated sediments [54].

FAPROTAX results indicated that C metabolic processes accounted
for 25.7 % and 25.6 % of the predicted functional groups in the plasti-
sphere and sediments, respectively. With the increase of colonization
time, methanol-related metabolisms (methanol decomposition and
oxidation) became more prominent in the plastisphere, especially on PS.
This may be due to the degradation of plastic additives or the breakdown
of adsorbed organic matter [63]. Additionally, slight increases in pho-
toautotrophy and fermentation in the plastisphere suggested the
development of oxygen gradients in mature biofilms, potentially influ-
encing C cycling at the micro-scale [64]. In sediments, the abundance of
most functional groups increased over time with MP exposure, except
for dominant chemoheterotrophy and aerobic chemoheterotrophy,
indicating a shift in carbon utilization strategies. The decline in che-
moheterotrophic abundance could be linked to the depletion of labile
carbon sources [13]. For N cycling, notable increases in nitrification and
aerobic nitrite oxidation were observed in both the plastisphere and
sediments, consistent with the changes in sediment characteristics. In
terms of S cycling, hypoxic photoautotrophy increased over time,
especially on the PLA plastisphere, while dark oxidation processes
decreased. In sediments, dark sulfur and sulfite oxidation initially
increased with PLA exposure, but both PLA and PS inhibited sulfur and
thiosulfate respiration in the later stages of the experiment.
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The NCM model revealed that stochastic processes predominantly
governed the assembly of bacterial communities in both the plastisphere
and sediments. Proteobacteria, which dominated all treatments, exhibi-
ted a wide ecological niche, and their community assembly was pri-
marily driven by random collisions and colonization, confirming the
dominance of stochastic processes in bacterial community assembly
[65]. The prevalence of stochastic processes in plastisphere community
construction has been observed in both aquatic and soil environments
[66]. In addition, the influence of deterministic processes on bacterial
communities in the plastisphere increased slightly over time, suggesting
the gradual maturation and specialization of these bacterial commu-
nities. It was also reported that the prokaryotic communities in different
lakes, where assembly shifted from stochastic to deterministic processes
with increasing colonization time [67]. This shift towards deterministic
assembly may be attributed to several factors: (1) stronger environ-
mental filtering in the microenvironments on MP surfaces and in
MP-treated sediments [55]; (2) complex biofilms development on MPs,
creating distinct niches for specifically adapted species [68]; and (3)
MP-induced changes in physicochemical properties, potentially
enhancing deterministic selection [69].

Furthermore, we carried out a comprehensive analysis of f-NTI and
RCbray. The results revealed that ecological processes in the plasti-
sphere shifted from diffusion limitation in the early stage (14 d) to
ecological drift and other processes in the late stage (56 d). Initially,
diffusion limitation dominated, as species were dispersing to colonize a
new environment that was not yet fully occupied [53,55]. As the colo-
nization period extended, dispersal limitation diminished as more spe-
cies have successfully colonized on the MP surfaces, leading to a more
saturated and competitive environment [70]. Thus, ecological drift
became the dominant stochastic process, reflecting random fluctuations
in species abundance within the established community [71]. In
contrast, in the sediments, dispersal limitation dominated the entire
incubation process, suggesting a relatively stable community assembly
process over time. This stability may be attributed to the fact that
sediment environments generally provide more stable and diverse mi-
crohabitats compared to the MP surfaces, reducing the need for rapid
community turnover [72]. The contrast between the stable,
dispersal-limited processes in sediments and the dynamic changes in the
plastisphere highlights the unique nature of MPs as a novel habitat. The
plastisphere undergoes rapid ecological succession with a shift from
dispersal limitation to ecological drift as the community matures. In
summary, colonization time played a key role in driving the composition
and assembly of microbial communities in both the plastisphere and
sediments, with distinct ecological processes governing each habitat
over time.

4.4. Effects of time-course plastisphere formation on sediment organic
carbon fractions and carbon pool stability

In this study, the formation of the plastisphere significantly in-
fluences organic carbon fractions and overall carbon pool stability in
seagrass bed sediments. In the early stages of the plastisphere (0-14 d),
DOC, EOC, and MBC significantly decreased, possibly due to temporary
perturbations caused by experiment condition changes. Liu et al. [37]
also concluded that DOM changes observed at the beginning of the in-
cubation may be related to sample interference during mixing. The
subsequent increases from day 14-28 indicate a recovery phase as the
sediment system adapts to new conditions, with stabilization from day
28-56, suggesting the establishment of a new equilibrium. MP-treated
sediments showed overall lower DOC levels compared to the control,
possibly due to enhanced microbial metabolism or DOC adsorption onto
MP surfaces [73]. During most of the colonization time (except for 14 d),
MPs had little effect on EOC content, indicating that MPs may not sub-
stantially alter readily available organic substrates in sediments. MPs
significantly affected sediment MBC, with PS having a more pronounced
impact. The biphasic response in MBC highlights the complex and
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time-dependent nature of microbial community responses to plasti-
sphere formation. Initially, lower MBC in MP-treated sediments (first 14
days) compared to the control indicates an acute stress response,
possibly due to MP additive release [27]. The subsequent MBC increase
above control levels suggests a remarkable adaptive capacity of sedi-
ment microbial communities. This adaptation may involve: 1) biofilm
development on MPs creating new microbial niches; 2) microbial
adaptation to use MPs or their degradation products as carbon sources;
3) community composition shifts favoring taxa suited to the altered
sediment environment. Overall, PLA had a greater effect on EOC and
DOC, and PS had a more significant effect on MBC and ROC.

The trend of ROC was consistent with that of SOC. It also concluded
that the change of soil organic carbon was mainly related to the active
components [74]. The relative stability of SOC and ROC suggests that
short-term MP exposure may have limited impacts on long-term carbon
sequestration in sediments. The more persistent carbon fractions in
seagrass bed sediments may be relatively resistant to short-term per-
turbations caused by MP pollution. The stability of SOC and ROC may be
due to physical protection within soil aggregates or chemical recalci-
trance, rendering them less susceptible to MP-induced changes.

PLA-treated sediments presented a higher carbon pool activity index,
suggesting that biodegradable PLA enhanced the turnover and recycling
of organic carbon in sediments. This may be due to: 1) the biodegradable
nature of PLA providing an additional carbon source, stimulating
metabolic activity; 2) PLA creating a favorable surface for microbial
colonization, leading to the development of a more active plastisphere
influencing surrounding sediment processes; 3) PLA potential inducing a
priming effect, where labile carbon from its degradation stimulates
breakdown of native sediment organic matter. PS treatment showed
lower carbon pool activity, suggesting less impact on carbon turnover
compared to PLA. However, PLA-treated sediments consistently had
lower CMI values than PS-treated sediments, indicating that although
PLA increases organic carbon fraction dynamics, it simultaneously de-
creases sediment carbon pool stability. Furthermore, the observed peak
of LI and CMI at 14 d may be attributed to new organic input stimulating
microbial activity, increasing carbon pool turnover and temporary car-
bon storage. The subsequent decline may be due to: 1) substrate
depletion: consumption of easily accessible carbon, leaving recalcitrant
organic matter; 2) community adaptation: microbial compositional
shifts, or functional adaptations to MPs, potentially altering carbon
cycling dynamics. In conclusion, our results demonstrate that MPs
significantly influence seagrass bed sediment carbon dynamics, with
effects that are both polymer-specific and time-dependent.

PLS-SEM analysis indicates that MPs weathering can affect sediment
organic carbon fractions by affecting sediment physicochemical prop-
erties and microbial community. MPs weathering presented a signifi-
cantly negative correlation with sediment properties (-0.759, especially
for NO3-N and NHJ-N), in turn, negatively correlating with both active
and inert organic carbon fractions. Concurrently, MPs weathering
slightly positively correlated with sediment microbes (0.233), in turn
positively (0.406) and negatively (-0.163) correlating with active and
inert organic carbon fractions, respectively. Ultimately, these changes
cascade to affect carbon pool stability indicators, with active organic
carbon exerting a stronger positive correlation compared to inert
organic carbon. The negative correlation of MP weathering on sediment
physicochemical characteristics and reactive carbon may potentially
destroy the stability of organic carbon pools, while the positive corre-
lation on microbial communities and their subsequent influence on
organic carbon fractions may partially counteract this destabilization.
This process underscores the intricate impact of microplastic pollution
on carbon cycling in aquatic ecosystems, emphasizing the need for
further research into these complex interactions.

4.5. Limitation and future research prospects

This study provides novel insights into plastisphere-mediated carbon
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dynamics in seagrass ecosystems. However, it must be acknowledged
that this study still has some limitations and further research could be
investigated. Firstly, the challenges in quantifying and controlling
background micro- and nanoplastic levels persist in sediments. The
development of non-destructive methods to remove existing MPs from
experimental substrates remains crucial to precisely assess MP impacts.
Moreover, the comprehensive initial microbial community character-
ization needs further improvement to establish reliable baselines for
community succession studies. Secondly, although our 56-day experi-
mental period provided valuable insights, long-term field studies would
better elucidate the succession patterns of plastisphere communities and
their implications for sediment biogeochemistry under various envi-
ronmental conditions, facilitating a more accurate assessment of MP-
induced changes in seagrass ecosystem functions and potential ecolog-
ical risks. It is also necessary to investigate the interactive effects be-
tween seagrass and plastisphere formation, the long-term consequences
for seagrass ecosystem functioning, and potential feedback mechanisms
between seagrass, sediment microbes, and plastic degradation.
Furthermore, investigating the temperature-dependent dynamics of
plastisphere development and associated ecosystem processes emerges
as a critical research priority. Despite these limitations, our study pro-
vides valuable insights into MP effects on the sediment carbon cycle in
seagrass ecosystems. The findings in this study establish a foundation for
future research addressing the complex challenges of MP pollution in
seagrass bed ecosystems.

5. Conclusions

This study revealed the dynamic nature of plastisphere formation
and its significant impacts on sediment organic carbon pools and mi-
crobial communities in the seagrass bed ecosystem. Both PLA and PS
exhibited obvious weathering characteristics and biofilm formation.
MPs affected sediment physicochemical properties, organic carbon
fractions, and carbon pool stability, especially during the first 14 days.
MPs also altered the structure of microbial communities in seagrass bed
sediments, leading to shifts in dominant species. Colonization time
significantly influenced bacterial community composition and assembly
in both plastisphere and sediments. Over time, the sediment bacterial
communities became more stable, while plastisphere bacterial commu-
nities shifted from dispersal limitation to ecological drift. In contrast,
sediment bacterial communities continued to exhibit dispersal limita-
tion, highlighting the distinct ecological characteristics of MPs as novel
microbial habitats. MPs negatively affected sediment organic carbon
pools by influencing sediment physicochemical properties and posi-
tively influencing microbial communities. Long-term MP exposure may
alter the carbon sequestration capacity of seagrass bed sediments.
Future research should focus on long-term field studies to further
explore these effects and investigate potential synergistic interactions
between MP pollution and other environmental stressors (e.g., climate
change, eutrophication) on the functioning of the seagrass ecosystem.

Environmental implication

This study reveals the significant impact of plastisphere colonization
on seagrass bed sediments, affecting both organic carbon stability and
microbial communities. These findings emphasize the broader ecolog-
ical consequences of plastic pollution in marine ecosystems, potentially
altering carbon sequestration capacity and biogeochemical cycles. The
research underscores the pressing need for enhanced plastic waste
management strategies and targeted conservation efforts to safeguard
coastal blue carbon ecosystems, which play a critical role in mitigating
climate change and supporting marine biodiversity.
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