& frontiers

@ Check for updates

OPEN ACCESS

EDITED BY
Xiubao Li,
Hainan University, China

REVIEWED BY

Abigail C. Turnlund,

Helmholtz Institute for Functional Marine
Biodiversity (HIFMB), Germany

Rachel Howard,

Texas State University, United States

*CORRESPONDENCE
Joseph W. P. Nakoa Ill
jnakoa@asu.edu

RECEIVED 12 May 2025
ACCEPTED 14 July 2025
PUBLISHED 28 July 2025

CITATION

Nakoa JWP Ill, Burns JHR, Pascoe M,

Cortes M, Ferreira SB, Pascoe KH,

Kane HH and Kapono CA (2025) Sediment
exposure decreases diversity in the surface
mucus layer microbiome of Porites lobata at
Honoli‘i, Hawai‘i.

Front. Microbiol. 16:1626064.

doi: 10.3389/fmicb.2025.1626064

COPYRIGHT

© 2025 Nakoa, Burns, Pascoe, Cortes,
Ferreira, Pascoe, Kane and Kapono. This is an
open-access article distributed under the
terms of the Creative Commons Attribution
License (CC BY). The use, distribution or
reproduction in other forums is permitted,
provided the original author(s) and the
copyright owner(s) are credited and that the
original publication in this journal is cited, in
accordance with accepted academic
practice. No use, distribution or reproduction
is permitted which does not comply with
these terms.

Frontiers in Microbiology

Frontiers in Microbiology

TYPE Original Research
PUBLISHED 28 July 2025
pol 10.3389/fmicb.2025.1626064

Sediment exposure decreases
diversity in the surface mucus
layer microbiome of Porites
lobata at Honoli‘i, Hawai‘i

Joseph W. P. Nakoa IlI*?*, John H. R. Burns?3, Makoa Pascoe?3,
Manuela Cortes?®, Sofia B. Ferreira®*, Kailey H. Pascoe'?
Haunani H. Kane?* and Clifford A. Kapono?*®

1School of Life Sciences, Arizona State University, Tempe, AZ, United States, 2MEGA Lab, Hilo, HI,
United States, *Marine Science, Data Science, and Tropical Conservation Biology and Environmental
Science, College of Natural and Health Sciences, University of Hawai'i at Hilo, Hilo, HI, United States,
“School of Ocean and Earth Science Technology, University of Hawai‘i at Manoa, Honolulu, HI,
United States, °School of Ocean Futures, Arizona State University, Tempe, AZ, United States

Introduction: Coral reefs are diverse marine ecosystems that provide essential
ecological services, yet they are becoming increasingly degraded by anthropogenic
stressors. Sediment deposition from land-based runoff can smother corals, reduce
light availability, and alter the chemical and microbial composition of the water
column. Prolonged sediment exposure disrupts coral-associated microbial
communities, particularly within the surface mucus layer (SML), a physical barrier
that mediates host—microbe interactions.

Methods: We investigated shifts in the SML microbiome of Porites lobata corals
in response to an acute sedimentation event at Honoli‘i, Hawai‘i. Microbial
community structure was characterized using 16S rRNA gene sequencing, at
three time points, before, during, and after the sedimentation event, to identify
changes in microbial composition and diversity.

Results: Sedimentation caused a significant decline in microbial diversity and shifted
community composition, with the most pronounced changes observed post-
sedimentation. Indicator species analyses identified 206 bacterial taxa associated
with specific sedimentation periods, including enrichment of Flavobacteriaceae
during sedimentation and dominance of Endozoicimonaceae after sedimentation.

Discussion: These findings demonstrate that sedimentation induces both
immediate and delayed shifts in the SML microbiome, with potential implications
for coralresilience. This study advances our understanding of how sedimentation
affects coral-associated microbiomes and emphasizes the need to investigate
the functional roles of microbial taxa involved in community transitions and
recovery to inform conservation strategies.

KEYWORDS

coral microbiome, surface mucus layer, sedimentation stress, Porites lobata, microbial
diversity, indicator taxa

1 Introduction

Coral reefs support approximately 25% of all marine species while covering less than 0.1%
of the ocean floor (Knowlton et al., 2010). These ecosystems provide essential ecological and
economic services, including fisheries, tourism, and coastal protection, with reef-related
economic activities estimated to generate $38.5 billion annually (Moberg and Folke, 1999;

01 frontiersin.org


https://www.frontiersin.org/journals/microbiology
https://www.frontiersin.org/journals/microbiology
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fmicb.2025.1626064&domain=pdf&date_stamp=2025-07-28
https://www.frontiersin.org/articles/10.3389/fmicb.2025.1626064/full
https://www.frontiersin.org/articles/10.3389/fmicb.2025.1626064/full
https://www.frontiersin.org/articles/10.3389/fmicb.2025.1626064/full
https://www.frontiersin.org/articles/10.3389/fmicb.2025.1626064/full
mailto:jnakoa@asu.edu
https://doi.org/10.3389/fmicb.2025.1626064
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/microbiology#editorial-board
https://www.frontiersin.org/journals/microbiology#editorial-board
https://doi.org/10.3389/fmicb.2025.1626064

Nakoa et al.

Ferrario et al., 2014; Spalding et al., 2017). However, reef stability is
increasingly threatened by anthropogenic stressors, such as climate
change, pollution, and sedimentation from land-based runoff
(Fabricius, 2005; Vega Thurber et al., 2014; Risk, 2014; Hughes et al,,
2017). Sediment carried by runoff from deforestation, agriculture, and
urbanization reduces light-availability, smothers coral tissues, and
alters reef biogeochemistry (Anthony and Fabricius, 2000; Fabricius,
2005; Junjie et al., 2014; Risk, 2014). Sedimentation further exacerbates
other stressors affecting coral health, such as widespread coral
bleaching and disease outbreaks, and together these stressors
accelerate reef degradation (Tuttle and Donahue, 2022).

Sedimentation affects corals not only through direct physiological
stress, but also by altering the surrounding ecological and microbial
environment (Fabricius, 2005). Suspended sediments indirectly limit
photosynthesis by coral-associated Symbiodiniaceae by decreasing
light availability, while direct sediment exposure can impair gas
exchange and nutrient uptake by the coral animal itself (Weber et al.,
2012; Junjie et al., 2014). Sedimentation also introduces organic matter
that fuels microbial metabolism, altering microbial interactions within
the coral reef environment (Weber et al., 2012). The severity of these
impacts depends on sediment grain size, concentration, and duration
of exposure, with fine sediments that remain suspended in the water
column longer having the greatest impact on coral reef ecosystems
(Fabricius, 2005). While increased sedimentation has been associated
with shifts in the microbial community taxonomic composition (Risk,
2014; Tuttle and Donahue, 2022), particularly under chronic
conditions, the effects of short-term sedimentation events on coral-
associated microbial communities remain relatively unexplored.

The coral surface mucus layer (SML) is a critical interface between
corals and their environment, serving as both a physical barrier and
niche habitat for diverse microbial communities (Brown and Bythell,
2005; Glasl et al., 2016; Briggs et al., 2021). These microbial
assemblages, collectively referred to as the SML microbiome, include
bacteria, archaea, fungi, and viruses that contribute to nutrient
cycling, pathogen defense, and environmental adaptation (Rohwer
et al,, 2002; Ritchie, 2006; Bourne et al., 2016; Sweet and Bythell, 2017;
Lima et al., 2022). Microbial community composition within the SML
microbiome is highly dynamic and shifts in response to fluctuations
in water quality, temperature, and coral health (Mouchka et al., 20105
Zou et al.,, 2022). Stability and diversity in these microbial assemblages
are often associated with greater coral health and resilience, however,
stress-induced changes can also increase diversity through the
introduction of opportunistic or pathogenic taxa, a form of microbial
dysbiosis that may signal coral health decline (Kline and Vollmer,
2011; Zaneveld et al., 2016; Hughes et al., 2017; Sweet and Bythell,
2017; Huntley et al., 2022). Some SML-associated microbes play
beneficial roles through the production of antimicrobial compounds,
but these interactions can be disrupted under environmental stress
(Rosenberg and Falkovitz, 2004). For example, thermal stress has been
linked to compositional changes and the proliferation of known coral
pathogens (Lee et al., 2015), whilenutrient runoff can restructure
microbial communities by promoting the growth of bacteria adapted
2005).
Sedimentation presents a distinct type of disturbance byphysically

to high-nutrient, low-oxygen conditions (Fabricius,
smothering coralsand altering the chemical environment of the SML
(Weber et al., 2012), favoring heterotrophic bacteria capable of
degrading organic matter while suppressing photoautotrophic taxa
dependent on light availability (Vega Thurber et al., 2014; Sutherland

et al., 2011). Given the central role of microbial interactions in coral
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health, understanding whether sedimentation-induced changes in
microbial diversity and composition are transient or indicative of
chronic stress is essential for evaluating coral resilience.

Recent research suggests that prolonged sedimentation can
increase microbial diversity in the SML microbiome, often introducing
rare or transient microbial taxa during periods of under high sediment
loads (Fifer et al., 2022; Miller and Bentlage, 2024). However, the
timing and reversibility of these changes remain poorly understood.
Specifically, it is unclear how quickly the SML microbiome responds
to sediment input and whether short-term sedimentation events lead
to similar increases in diversity or community restructuring. Similar
taxonomic shifts have been observed under other stressors, such as
hypoxia, where elevated abundances of anaerobic bacteria suggest
rapid changes in microbial turnover (Howard et al., 2023). Sediment-
driven restructuring may similarly favor anaerobic or terrestrial-
associated bacteria, potentially displacing host-associated taxa. While
some studies have characterized microbial responses to chronic
sedimentation, fewer have investigated how acute sedimentation
events affect the taxonomic composition and diversity of coral-
associated microbiomes or whether such responses are transient or
persistent (Fifer et al., 2022). These knowledge gaps limit our ability
to evaluate short-term disturbances and predict recovery trajectories
in coral microbial communities.

This study examines the effects of sedimentation on the SML
microbiome of Porites lobata and aims to identify microbial indicators
of sediment-induced stress. Specifically, three research questions are
addressed: (1) How does sedimentation affect microbiome diversity
within the SML of P, lobata? (2) How does the taxonomic composition
of the SML microbiome change in response to sedimentation? (3)
Which bacterial taxa in the P. lobata SML microbiome are most
responsive to sedimentation events? This study further enhances the
understanding of how sedimentation influences coral-associated
microbiomes and contributes to the identification of microbial
signatures reflective of sedimentation impacts and potential recovery.
These insights can help inform the development of microbiome-based
tools for monitoring coral reef health and support resilience-based
approaches to conservation and management.

2 Methods
2.1 Study site

The study site, Honoli‘i, Hawai‘i is a small bay with a narrow
beach composed of rounded basalt cobbles to sand size sediment at
the base of a sea cliff (Hart, 2018). The beach at Honoli‘i is physically
dynamic, shaped by wave action and the input of sediment and
freshwater from three streams—Kaiwiki, Ma‘ili, and Honoli‘i—that
converge and discharge through the Honoli‘i Stream mouth (Strauch,
2017). Of these, Honoli‘i Stream is the largest and serves as the
primary source of freshwater, sediment, and turbidity into Honoli‘i
Bay. Annual rainfall in the Honoli‘i watershed ranges from 3 to 7 m
and streamflow discharge ranges from 1.5-6.2 m’/s based on annual
mean estimates (Giambelluca et al., 2013; USGS, 2024). Approximately
275 m offshore from the Honoli‘i Stream mouth, the cobble and sand
substrate transitions to an elevated basalt platform sourced from
Mauna Kea lava flows of mid-Pleistocene age (Sherrod et al., 2021).
This platform supports a coral reef dominated by Porites lobata,
Montipora capitata, Montipora flabellata, and Pocillopora meandrina
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based on visual assessments of coral composition (personal
observation). The depth of this reef ranges from 2 to 10 m and is
regularly exposed to pulses of sediment and turbidity from stream
discharge and north-easterly swells (Puniwai et al., 2016). The close
proximity of this coral reef to a recurring turbidity plume generated
by Honoli‘i Stream makes it an ideal location to examine changes in
coral-associated microbial communities before, during, and after
acute sedimentation events.

2.2 3D reconstruction and colony selection

Structure-from-Motion (SfM) photogrammetry was used to
create a 3D reconstruction of the coral reef using Agisoft Photoscan/
Metashape Professional software (Agisoft LLC., St. Petersburg,
Russia), following methods adapted from Burns et al. (2015). The
reconstruction was used to assess species composition and select
colonies for monitoring throughout the sedimentation event. Porites
lobata was commonly identified across the reef and 10 colonies were
randomly selected from the model for potential inclusion in the study.
These colonies were then examined in the field for unique
morphological features to ensure consistent recognition across

10.3389/fmicb.2025.1626064

sampling periods. Colonies displaying physical signs of stress were
excluded. From this selection, five P. lobata colonies meeting all
criteria were included in the study (Figure 1A).

2.3 Sampling periods and collection

Sampling was conducted over a two-month timespan during
three distinct sedimentation periods—before, during, and after—a
high-streamflow discharge event from Honoli‘i Stream that resulted
in a visible sediment plume extending over the study site (Figure 2A).
We refer to the physical occurrence of freshwater and sediment input
as the sedimentation event, and the associated sampling timepoints
as sedimentation periods. Sampling for each sedimentation period
was completed in a single day. Before the sedimentation event,
sampling took place following a period of low stream discharge, with
heavy rainfall expected to occur. Sampling continued when
streamflow discharge during heavy rainfall exceeded the 95th
percentile for ambient conditions at the Honoli‘i Stream, based on
historical data (USGS, 2025). Sampling during the sedimentation
event was determined based on real-time monitoring of stream
discharge and direct observations of sediment plume extent. The

Identify colonies

D)

‘i&iita .
&irneQ R

Data analysis and visualization

Collect mucus and water

16S microbiome sequencing

FIGURE 1

Overview of the study workflow for the characterization of the surface mucus layer (SML) microbiome of Porites lobata at Honoli'i, Hawai'i. (A) A 3D
reconstruction of the reef was created using structure-from-motion photogrammetry. Five P. [obata colonies were randomly selected from the 3D
reconstruction, with locations confirmed in the field. (B) Coral mucus and water were collected before, during, and after a sedimentation event. Two
liters of water were collected from the surface and benthos at the center of the reef during each sampling period. Five mucus samples were collected
from each colony by divers using SCUBA. For each mucus sample, sterile cotton swabs were stored in microcentrifuge tubes, which were inverted
before opening near the coral to retain a sterile air pocket. Swabs were used to gently agitate the coral until mucus was visible, then returned to the
sterile tube and transported to the surface by a freediver for storage on dry ice. (C) Microbial community profiling was performed by the Knight Lab
(UCSD, La Jolla, California) using high-throughput 16S rRNA gene sequencing, targeting the V4 region of the 16S rRNA gene. Amplification was carried
out with the primers FWD: GTGYCAGCMGCCGCGGTAA and REV: GGACTACNVGGGTWTCTAAT, following the Earth Microbiome Project (EMP)
protocol. Sequencing was conducted on the Illumina MiSeq platform, and taxonomic assignments were made using the Greengenes reference
database to the lowest taxonomic level. (D) Sequencing data were processed, analyzed, and visualized using Qiita, QIIME2, and R to enable
comparative analysis of microbiome composition across samples and sedimentation periods.

Frontiers in Microbiology

03

frontiersin.org


https://doi.org/10.3389/fmicb.2025.1626064
https://www.frontiersin.org/journals/microbiology
https://www.frontiersin.org

Nakoa et al. 10.3389/fmicb.2025.1626064
o =] -
18 HE &
A 8 |13 i
N [ '
100 ! ' i
. i
T |
I i
T |
. '
. . 1 '
4 (Y :
& . '
& o :
o 10 : "
= ' "
© ! '
= i '
© ! '
2 ' i
o | '
1 '
| |
| '
1 | '
| '
| '
| '
| '
|
)
Date
B Turbidity (NTU) DO (mgiL) | Salinity (ppt)
8.9
10 34
[
S
E 8.6
= %2
5
6.3
30
—_—
= .
0
el o3 @ & o @ -y A
& & « & o & o & &
Period
FIGURE 2

Changes in streamflow discharge and selected water quality indicators across the sedimentation event. (A) Time series of Honoli‘i streamflow
discharge (m?*/s) covering the period from 7 days before the sedimentation event to 7 days after the sedimentation event. The discharge is displayed on
a logarithmic scale for better visualization and field sampling dates are marked: "Before” (11/28/2023), "“During” (12/1/2023), and "After" (1/26/2024).

(B) Boxplots of turbidity (NTU), dissolved oxygen (DO; mg/L), and salinity (ppt) grouped by sampling period. Each box shows the median (horizontal
line) and distribution of values within each period, highlighting differences in water quality before, during, and after the sedimentation event.

sedimentation event corresponded with a Brown Water Advisory, a
public notice issued by the Hawai‘i Department of Health when
runoff may carry pollutants and pathogens into coastal waters, which
was in effect from November 30, 2023 to January 4, 2024 (HDOH,
2024). Sampling during the sedimentation event was conducted
when environmental conditions, especially underwater visibility,
allowed for safe diver operations and accurate colony identification.
Sampling after the sedimentation event occurred once ocean
conditions, stream discharge, and sedimentation levels returned to
pre-event levels. Streamflow discharge was monitored and recorded
using real-time data from the U. S. Geological Survey (USGS, 2024)
monitoring station at Honoli‘i Stream (Monitoring Location
16,717,000). The daily peak streamflow discharge values reported
reflect a period of 7 days before the sedimentation event, 7 days after

Frontiers in Microbiology

the first increase in streamflow discharge, and 7 days before the
final sampling.

Water and coral mucus were collected during each sedimentation
period by a freediver and SCUBA divers deployed from a boat
(Figure 1B). Two liters of water (N = 2) were collected from the surface
and benthic substrate into sterile 1-L polypropylene bottles and stored
on ice. Water samples were collected at coral height near on the center
of the reef during each period. Five coral mucus samples were collected
from each of the five P. lobata colonies during each period (N = 25).
Coral mucus was collected using sterile cotton swabs to gently agitate
the coral surface for ~15s until mucus was visually absorbed. To
minimize environmental contamination, swabs were pre-loaded into
microcentrifuge tubes and carefully inverted before opening near the
coral to retain a sterile air pocket. Once collected, swabs were
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immediately placed back into the sterile tube, sealed, and transported
to the surface by a freediver where they were stored on dry ice until
transfer to the lab within 2 h. All mucus samples were inverted during
transport to prevent contamination from water intrusion caused by
pressure differentials, and any excess liquid was decanted in a sterile
environment before storage. Water samples were vacuum-filtered
through 0.22-pm mixed cellulose ester membrane filters (Millipore,
United States) and transferred to microcentrifuge tubes. All samples
were stored at —80°C for later extraction and sequencing.

2.4 16S rRNA gene sequencing and quality
control

DNA was extracted using the PowerSoil DNA isolation kit
(MOBIO Laboratories Inc., Carlsbad, United States). The V4
hypervariable region of the 16S rRNA gene was amplified using
polymerase chain reaction (PCR) primers 515F (5-GTGYCAG
CMGCCGCGGTAA- 3’) and 806R (5'-GGACTACNVGGGTWTC
TAAT- 3'), following Earth Microbiome Project protocols (Caporaso
etal, 2012; 806R, Apprill et al., 2015; 515F, Parada et al., 2016). PCR,
library preparation, and sequencing was performed by the Knight Lab
(UCSD, La Jolla, California; Figure 1C). Polymerase chain reaction
conditions included an initial denaturation at 94°C for 3 min, followed
by 35 cycles of 94°C for 45 s, 50°C for 60 s, and 72°C for 90 s, with a
final extension at 72°C for 10 min (Caporaso et al., 2023). Dual-
indexed libraries were pooled at equimolar concentrations and
sequenced on an Illumina MiSeq platform (2 x 300 bp paired-end
reads) using sequencing-by-synthesis chemistry. KatheroSeq controls
were included contaminate to screen for contamination in
low-biomass samples (Minich et al., 2018).

Raw sequence data were processed using Qiita (v2025.02)
(Gonzalez et al., 2018), which implements the QIIME2 (v1.9.1)
pipeline (Bolyen et al., 2019). Demultiplexing was performed using
Split Libraries FASTQ with 12-bp Golay barcodes, allowing a
maximum barcode error rate of 1.5%. Adapter and primer trimming
was automatically performed using fastp as implemented within the
default Qiita workflow." Sequences were retained at three trimming
lengths (90 bp, 100 bp, and 150 bp) to evaluate tradeoffs between
taxonomic resolution and sequencing depth. The 100 bp trim length
was selected for final analysis, as it provided consistent diversity
metrics and retained the highest number of coral mucus samples at
the rarefaction threshold.

Closed-reference OTU picking was conducted entirely in Qiita
using the QIIME2 (v1.9.1) pipeline with clustering at 97% similarity
against the Greengenes reference database (v13_8). Sequences that
failed to match the reference database were excluded. Mitochondrial,
chloroplast, and eukaryotic sequences were removed using taxonomy-
based filtering in Qiita. Only coral mucus samples were retained for
downstream analyses, and sequencing blanks and negative controls
were excluded during quality filtering.

The final OTU table included 75 coral mucus samples, 10,226
unique OTUs, and 2,636,301 total reads. Median sequencing depth

1 https://qiita.ucsd.edu/static/doc/html/processingdata/qp-fastp-minimap2
html?highlight=adapter
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was 29,282 reads per sample (range: 34-88,552). Samples were
rarefied to 10,000 reads per sample to normalize sampling effort,
based on alpha rarefaction curves for Shannon entropy and
that depth
(Supplementary Figure S1). The rarefied dataset contained 65 coral

observed  features plateaued  at  this
mucus samples and 7,786 OTUs, with an even sequencing depth
across all samples. A list of sequencing depth per sample is

presented in the Supplementary Data S1.

2.5 Statistical analyses

All downstream analyses were performed with the rarefied OTU
table (100 bp trim length, 10,000 reads/sample) at the family level
due to the taxonomic resolution of the data (Figure 1D). Alpha
diversity was calculated using Shannon’s entropy and the number of
observed features. Statistical differences in alpha diversity were
determined with Kruskal-Wallis tests and post hoc Dunn’s tests were
used to determine significant differences between groups. Beta
diversity was calculated using Bray-Curtis dissimilarity and
visualized using principal coordinates analysis (PCoA). Group
significance was tested using permutational analysis of variance
(PERMANOVA) with 999 permutations and pairwise comparisons
enabled. Differences in group dispersion were assessed using
permutational multivariate analysis of dispersion (PERMDISP),
followed by Tukey’s HSD post hoc tests using the vegan (v.2.6-4)
package. Alpha and beta diversity analyses were performed in Qiita
(v2025.02) and R (v4.3.1).

All remaining analyses were performed in R (v4.3.1) and all
visualizations were created using the ggplot2 package (v3.4.4;
Wickham, 2016). Relative abundances were calculated by dividing
the read count of each taxon by the total number of reads per sample,
resulting in proportions that sum to 1 for each sample. These values
were multiplied by 100 to express relative abundance as a percentage
and summarized by sampling period using the dplyr (v1.1.4;
Wickham et al., 2023b) and tidyr (v1.3.1; Wickham et al., 2023a)
packages. Only taxa with a mean relative abundance >1% in at least
one sedimentation period were retained for visualization. Random
Forest classification was used to identify taxa that best distinguished
between sedimentation periods, using 500 trees in the randomForest
package (v4.7-1.1; Liaw and Wiener, 2002) and evaluated with
confusion matrices from the caret package (v6.0-94; Kuhn et al,,
2023). Feature importance was assessed using Mean Decrease
Accuracy (MDA) and Mean Decrease Gini (MDG). Indicator species
analysis was performed with the indicspecies package (v1.8.0;
Céceres et al, 2025) using the multipatt function with 999
permutations to identify taxa significantly associated with each
sedimentation period.

5 Results

3.1 Stream discharge and water quality
Streamflow discharge values from the Honoli’i Stream varied

greatly throughout the study period (Figure 2A). Peak discharge

during the sedimentation event reached 202.75 m*/s, with a median
of 1.96 m*/s (Range [1.78-202.75]), and remained elevated until the
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FIGURE 3

Mean relative abundance (%) of microbial taxa in the SML microbiome of Porites lobata coral colonies at Honoli'i, Hawai'i, before, during, and after a
sedimentation event. Each bar represents the community composition for each period, with taxa below 1% relative abundance in all periods excluded.
Colors indicate specific taxa (see legend), highlighting shifts in community structure associated with the sedimentation event. The figure illustrates
changes in microbial dominance and community composition in response to sedimentation. A full list of the mean relative abundance of all taxa

present is presented in the Supplementary Data S1.
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final sampling. Median discharge values before and after the
sedimentation event were 0.36 m*/s [0.28-0.47] and 0.27 m?/s [0.24-
0.32], respectively. Turbidity over the reef peaked at 10.96 NTU
(SD + 3.17 NTU) during sedimentation, more than triple pre-event
(1.26 £ 0.28 NTU) and post-event (0.78 £ 0.54) levels (Figure 2B).
Dissolved oxygen decreased from 98.1% (+8.77) before the event to
94.45% (+£2.48%) during sedimentation, then increased to 97.50%
(+2.12) after the event (Figure 2B). Salinity decreased from 34.2 ppt
(+1.84) before the event to 32.4 ppt (+4.38) during the event and
slightly increased to 32.7 ppt (+0.85) (Figure 2B). Temperature
decreased throughout the event from 25.7°C (+0.28) before to 25.6°C
(+0.35) during, and 24.6°C (+0.28) after.

3.2 Relative abundance of microbial taxa

The SML microbiome of Porites lobata exhibited shifts in the
community composition across the sedimentation event (Figure 3
shows taxa with a mean relative abundance >1% in at least one
sedimentation period). The family Endozoicimonaceae dominated all
sedimentation periods and increased from 56.0% before, to 57.4%
during, and 86.0% after the sedimentation event. The total number of
taxa with a mean relative abundance >1% before the event was 12,
compared to 9 during, and 3 after the sedimentation event. For
example, OMG60, Pelagibacteraceae, and Flavobacteriaceae each
exceeded 3% mean relative abundance before the event, then
decreased to less than 1% after the event. Corynebacteriaceae,
undetectable before the event, increased to 1.25% mean relative
abundance after sedimentation. The relative abundance of all taxa is
presented in the Supplementary Data S1.
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FIGURE 4

Boxplots of Shannon's Entropy for microbial communities in the
Porites lobata surface mucus layer (SML) across three sampling
periods before (N = 19), during (N = 25), and after (N = 21) a
sedimentation event at Honoli'i, Hawai'i. Shannon’s Entropy (y-axis) is
a measure of the microbial diversity that considers abundance and
richness of taxa, with higher values indicating greater diversity within
the community. Letters (a, b) indicate the statistically significant
differences between the time periods determined by a Kruskal-Wallis
test (H = 15.03, p = 0.001). This figure shows a significant decrease in
alpha diversity following a sedimentation event

3.3 Alpha and beta diversity

Shannon’s Entropy varied significantly among the three sampling
periods (H = 15.03, p < 0.001; Figure 4). Shannon’s Entropy was
significantly lower after the sedimentation event compared to both
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during (H = 11.61, p = 0.001) and before (H = 10.83, p = 0.001), which
were similar (p > 0.05). Taxonomic richness, measured as the total
number of observed features, also significantly differed among
sampling periods (H = 30.89, p < 0.001; Supplementary Figure S2).
Pairwise comparisons showed that taxonomic richness was
significantly lower after sedimentation compared to both during
(H =24.73,p < 0.001) and before (H = 13.87, p < 0.001) sedimentation,
while richness was significantly higher during than before
sedimentation (H = 7.95, p = 0.005; Supplementary Figure S2).

Microbial communities before and during sedimentation formed
partially overlapping clusters, indicating some similarity in
composition (Figure 5). In contrast, microbial communities after
sedimentation formed a distinct and slightly isolated cluster along the
secondary axis of variation. A PERMANOVA analysis confirmed
significant differences in beta diversity among sampling periods
(pseudo-F =5.16, p =0.001, 999 permutations, n = 65). Pairwise
comparisons identified that beta diversity after sedimentation was
different from beta diversity before (p = 0.002) and during (p = 0.001)
sedimentation. Dispersion analysis further showed that microbial
communities after sedimentation were significantly less dispersed
around their centroid compared to before and during sedimentation
(F=6.51, p=0.003; Supplementary Figure S3).

3.4 Key taxa from Random Forest analysis

Random Forest classification identified microbial families that
best distinguished between sedimentation periods based on family-
level relative abundance data. The model was trained using 500 trees
and achieved an out-of-bag (OOB) error rate of 12.31%. The overall
accuracy of the model was 87.69% (95% ci: 77.18-94.53%), showing
strong agreement between predicted and actual sedimentation periods
with a Kappa value of 0.8147. Sedimentation period-specific balanced

10.3389/fmicb.2025.1626064

accuracy was highest for the “During” period (0.96), followed by
“Before” (0.89), then “After” (0.87). Sensitivity and specificity values
exceeded 0.84 across all sedimentation periods.

Mean Decrease Accuracy (MDA) and Mean Decrease Gini (MDG)
values were used to assess feature importance. The top five bacterial
families determined by MDA were: OM60, Gemmataceae, Oleiphilaceae,
AEGEN_185, and JTB38 (Figure 6A, top 30 taxa). The top five bacterial
families determined by MDG were: Gemmataceae, Oleiphilaceae,
OM60, Ellin515, and AEGEN_185 (Figure 6A, top 30 taxa). The mean
relative abundance of the top 30 important taxa ranked by MDA varied
across sampling periods (Figure 6B). The relative abundance of OM60
steadily decreased from 4.71% before to 2.26% during then 0.26% after
the sedimentation event. The relative abundance of Flavobacteriaceae
increased to 3.14% during sedimentation, compared to 1.83% before
and 0.55%
Corynebacteriaceae slightly declined from 0.84% before sedimentation

after sedimentation. The relative abundance of

to 0.45% during sedimentation then finally increased to 1.25% after the
sedimentation event. A list of all taxa identified as important by Random
Forest classification is presented in the Supplementary Data S1.

3.5 Key taxa from indicator species analysis

Several bacterial families were significantly associated with the
P. lobata SML microbiome for each sedimentation period based on
changes in relative abundance. Indicator species analysis identified a
total of 206 taxa significantly associated with at least one sedimentation
period (p < 0.05), 999 permutations: 23 uniquely associated with the
Before period, 121 with During, 3 with After, 58 with both Before and
During, and 1 with both During and After.

The top 10 taxa associated with the P. lobata SML microbiome
OM60,
Synechococcaceae, Vibrionaceae, Pasteurellaceae, Neisseriaceae,

before  sedimentation  were: Pelagibacteraceae,
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FIGURE 5

differences in community composition among time periods.

Principal Coordinates Analysis (PCoA) plot illustrates beta diversity of microbial communities in the surface mucus layer of (SML) Porites lobata colonies
at Honoli'i, Hawai'i before, during, and after a sedimentation event. Each point represents a single sample, with colors indicating the sampling period:
blue (Before), orange (During), and red (After). The PCoA is based on Bray—Curtis dissimilarity, a measure that reflects differences in microbial
community compositions between samples. Samples that are closer together have more similar communities and samples further apart have more
distinct communities. Results from a PERMANOVA analysis (pseudo-F = 5.16, p = 0.001, 999 permutations, n = 65) indicate statistically significant
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Key taxa, determined by Random Forest analyses, that identified as important in classifying periods before, during, and after a sedimentation event at
Honoli'i, Hawai'i. (A) The top 30 taxa ranked by Mean Decrease Accuracy (blue) and Mean Decrease Gini (red), representing the most critical taxa to
maintain model accuracy in classifying the microbial communities of each period. Higher values indicate greater importance for accurate classification.
(B) The mean abundance of the top 30 important taxa during each period, ordered by Mean Decrease Accuracy. Darker shades indicate a higher
relative abundance, highlighting enrichment patterns before, during, and after the sedimentation event. A full list of taxa that were identified as
important by Random Forest classification is presented in the Supplementary Data S1.
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FIGURE 7

Relative abundances of microbial taxa in the surface mucus layer (SML) of Porites lobata significantly associated with each period of a sedimentation
event at Honoli‘i, Hawai‘i (p < 0.05). Colored bars represent the relative abundance of taxa associated with the P. lobata SML (A) before, (B) during, and
(C) after, (D) both before and during, and (E) both during and after sedimentation. Taxa names are listed in the legend at the lowest identifiable level
(Class, Order, or Family). A full list of taxa significantly associated with at least one sedimentation period is presented in the Supplementary Data S1.
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Puniceicoccaceae, Moraxellaceae, Veillonellaceae, and Marine group
II (Figure 7A). The top 10 taxa identified as indicators of the
microbiome during sedimentation were: Flavobacteriaceae,
Alteromonadaceae, an unidentified family in the order Kiloniellales,
Saprospiraceae, an unidentified family the class
Gammaproteobacteria, Colwelliaceae, an unassigned family in the

order Thiohalorhabdales, Planctomycetaceae, Oceanospirillaceae, and

in
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Oleiphilaceae (Figure 7B). The only three taxa identified as indicators
of the microbiome after sedimentation were: Endozoicimonaceae,
Brevibacteriaceae, and an unassigned family in the order R76-B128

(Figure 7C).
The top 10 taxa identified as indicators of both the before and
during sedimentation were: Rhodobacteraceae, OCSI55,

Piscirickettsiaceae, a family unassigned below the class
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Alphaproteobacteria, Flammeovirgaceae, a family unassigned
below the order Chromataiales, Marine group II, Pirellulaceae,
HTCC2188, and Pseudoalteromonadaceae (Figure 7D). The only
taxa identified as an indicator of the microbiome both during and
after sedimentation was Propionibacteriaceae (Figure 7E). A full
indicator taxa is

list of significant presented in the

Supplementary Data S1.

4 Discussion

This study demonstrates that acute sedimentation induced
measurable changes in the SML microbiome of P. lobata coral,
based on observations from five monitored colonies during a
documented sedimentation event (HDOH, 2024). Alpha and beta
diversity metrics were compared across three sedimentation periods
to demonstrate both immediate and lasting sedimentation-driven
shifts in the SML microbiome, with the most significant changes
observed after sediment exposure. The significant decline in alpha
diversity after sedimentation aligns with previous findings that
environmental stressors reduce microbial evenness and taxonomic
richness (Maher et al., 2020; Bui et al., 2024). Beta diversity analysis
further showed that microbial communities were compositionally
distinct among sedimentation periods, with the post-event
microbiome showing the most divergence from pre- and during-
event communities. The patterns of decreased diversity and
compositional shifts are consistent with experimental studies of
corals exposed to different stressors, such as antibiotics, disease,
and hypoxia, suggesting that sedimentation not only decreases
microbial diversity, but also restructures community composition
(Bent et al.,, 2021; Guo et al., 2022; Huntley et al., 2022; Howard
et al., 2023). These findings demonstrate that acute sedimentation
events can drive measurable shifts in both the richness and structure
of the P. lobata SML microbiome.

Indicator species analyses revealed distinct microbial signatures
across sedimentation periods. Before sedimentation, the presence
of the coral-associated bacterial families OM60, Synechococcaceae,
and Vibrionaceae suggests that a stable, host-associated microbiome
is present in the absence of environmental disturbances (McKew
et al., 2016; Webster et al., 2016; Greff et al., 2017). During
sedimentation 121 families were identified as indicator taxa,
reflecting the influx of environmental microbes during
sedimentation events. Although commonly associated with coral
microbiomes,  Flavobacteriaceae ~ was  enriched  during
sedimentation, aligning with prior studies that have observed an
enrichment of this group in stressed and diseased corals (Miller and
Richardson, 2011; Meyer et al., 2019; Delgadillo-Ordofiez
etal., 2022).

Many taxa associated with sedimentation were not retained
after the event, suggesting that these microbes may only have a brief
influence on the coral SML but do not persist in shaping the
microbiome over time. Only three indicator taxa were identified
after sedimentation—Endozoicimonaceae, Brevibacteriaceae, and
an unassigned family in the order R76-B128—indicating that a
more selective community may persist post-disturbance. Among
these, Endozoicimonaceae are well-known coral-associated
symbionts involved in nutrient cycling, immune modulation, and

antimicrobial activity (Neave et al., 2016; Bourne et al., 2016). For
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instance, Endozoicomonas marisrubi has been shown to contribute
to the exchange of essential metabolites that could play a role in
coral recovery following disturbances (Pogoreutz et al., 2022).
Endozoicimonaceae also comprised a large portion of the microbial
community during all periods, but was most dominant after
sedimentation, suggesting a return to a core microbiome during
post-sediment microbiome stabilization (Bernasconi et al., 2019).
Brevibacteriaceae and taxa within the R76-B128 order are
commonly found in sediments, especially in saline environments,
indicating the incorporation of sediment-associated taxa into the
SML microbiome post-sedimentation (Forquin-Gomez et al., 2014;
van Vliet et al., 2019). The low relative abundance of both
Brevibacteriaceae and the unassigned family in the order R76-B128
after sedimentation may be reflective of transient infiltration rather
than long-term colonization. Together, these results indicate that
while sedimentation can introduce novel microbial taxa to the coral
SML, only some are retained beyond the disturbance period. The
post-event community appears to reflect both residual sediment-
associated taxa and a resurgence of core coral symbionts,
highlighting a possible early recovery stage where coral-associated
microbes begin to reestablish dominance. The observed trends in
microbial community composition across sedimentation periods
suggest that microbiome restructuring is a delayed response rather
than an immediate shift. Alpha diversity analyses showed that
taxonomic richness temporarily increased during sedimentation
but significantly declined once environmental conditions returned
to pre-event levels. This increase in transient microbe diversity
mirrors patterns observed in corals exposed to prolonged
sedimentation, where microbial turnover continues beyond the
disturbance event itself (Ziegler et al, 2016). Although the
subsequent decline in diversity may indicate the onset of recovery,
the post-sedimentation microbiome remained compositionally
distinct and did not revert to its pre-event state. Moreover, indicator
species analysis identified 58 taxa shared between the periods
before and during sedimentation and only one taxon shared
between the during and after periods, while no taxa were shared
between the before and after periods. This progression supports a
gradual transition in microbial composition, where few microbial
lineages introduced during sedimentation persisted into the
recovery period.

While these findings provide new insights into the SML
microbiome’s response to an acute sedimentation event, several
aspects warrant further investigation. This study focused on a
single site, which provided a controlled environmental context, but
microbiome composition has been observed to vary over small
geographic scales (Wainwright et al., 2019), highlighting the need
for multi-site comparisons. Additionally, while 16S rRNA gene
sequencing allowed for taxonomic classification, the functional
traits and physiological roles of identified taxa remain inferred
rather than directly measured. Metagenomic and transcriptomic
approaches have proven useful in other studies for identifying
microbial genes involved in nutrient cycling, immune modulation,
and stress tolerance and could better validate the ecological roles
of the taxa highlighted here (Lima et al., 2022; Pogoreutz et al.,
2022). The temporal resolution of this study, limited tothe single
post-sedimentation time point, provides a snapshot of the SML
microbiome nearly 2 months after the sedimentation event and
makes it difficult to determine whether the observed composition
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reflects a temporary disturbance, an intermediate recovery phase,
or a longer-term shift in microbiome state. Acute sedimentation
events, like the event monitored in this study, are thought to be key
drivers of microbiome structuring, but longitudinal sampling is
needed to determine whether the microbiome stabilizes over
longer periods of time or remains in an altered state (Fifer et al.,
2022). Furthermore, microbial shifts may reflect not only host
selection, but also changes in the surrounding microbial pool
following environmental disturbance. For example, persistent
restructuring of microbial communities has been observed in
human skin microbiomes after environmental exposures such as
water contact and urbanization (Callewart et al., 2020), and similar
dynamics may apply to the coral SML microbiome following
sedimentation. These changes may represent not only adaptive
responses but also the passive acquisition of environmental taxa.
Consequently, physiological impacts on the coral host may
be influenced as much by environmental disturbance and microbial
availability as by selective recovery processes. Despite these
considerations, this study provides foundational insights into the
taxonomic shifts associated with acute sedimentation and identifies
key bacterial families that may serve as indicators of
sedimentation stress.

Building on the single-site design of this study, future research
should expand to multiple reef locations and incorporate
functional analyses to better understand the ecological significance
of sedimentation-induced microbiome shifts. Future studies using
metagenomic and transcriptomic tools could determine whether
observed taxonomic shifts correspond to functional changes, such
as antimicrobial compound production or nutrient processing, that
directly influence coral health and resilience (Wright et al., 2019;
Glaze et al., 2022). Notably, this study revealed short-term loss of
diversity, the emergence of sediment-associated and opportunistic
taxa during sedimentation, and the retention of potential recovery-
associated bacterial families, such as Endozoicimonaceae, after
sedimentation. Although the functional roles of taxa associated
with the post-sediment microbiome, their identification could help
to identify microbial patterns associated with sedimentation stress.
These findings highlight the value of identifying sediment-
responsive microbial taxa as a first step toward understanding how
environmental disturbances shape coral microbiomes, and they
underscore the importance of linking taxonomic shifts with both
microbial function and coral health outcomes in future studies.

Microbial responses to sedimentation are likely to be habitat-
specific, thus future studies should include multiple reef sites
impacted by acute sedimentation to determine whether consistent
patterns in microbial shifts emerge across locations (Glasl et al.,
2019). Extended time series from multiple seasons and recovery
stages will help differentiate natural variability from disturbance-
driven shifts, particularly given the failure of the microbiome to
return to pre-event composition nearly 2 months after the initial
sediment exposure and seasonal variability reported in corals
elsewhere (Miller and Bentlage, 2024). Controlled sediment
exposure experiments could further establish causal links between
sedimentation and microbial community restructuring. For
example, the persistence and increase in taxa such as
Endozoicimonaceae warrants further investigation into its potential
role in post-sedimentation microbial community dynamics and
recovery processes (Pogoreutz et al., 2022). These foundational
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insights are a necessary precursor to the development of
microbiome-based restoration strategies, such as probiotics or
microbial transplants, to mitigate sedimentation stress and
enhance coral resilience (Moradi et al., 2023; Delgadillo-Ordonez
et al., 2024).

Understanding how sedimentation-driven microbiome shifts
relate to overall coral resilience is essential for predicting coral
responses to increasing sedimentation pressure. If microbial
restructuring following sedimentation disrupts key microbial
functions, such as nutrient cycling, pathogen defense, or symbiosis,
corals may become more vulnerable to additional stressors,
including warming, pollution, or disease outbreaks (Vezzulli et al.,
2013; Neave et al., 2016; Webster et al., 2016). However, it remains
unclear whether these shifts represent a temporary stress response
or a functional adaptation that enhances coral resilience. Clarifying
the ecological roles of sediment-responsive taxa is therefore critical
for developing microbiome-based conservation strategies (Boilard
et al.,, 2020; Terzin et al., 2024). Building on this study’s findings,
future research should also consider how microbiome assembly is
influenced by environmentally available microbes, recognizing that
community shifts may be driven as much by stochastic colonization
as by host filtering. As land-based runoft continues to threaten
nearshore coral reefs, these insights underscore the importance of
integrating microbiome dynamics into coral conservation
frameworks and provide a foundation for identifying microbial
signatures of sedimentation stress and recovery (Staley et al., 2017;
Carlson et al., 2019).

Data availability statement

Processed microbial data used in this study, including sample
metadata, taxonomic assignments, and OTU tables, are provided as
Supplementary Data S1. Raw sequencing data generated for this study
have been deposited in the European Nucleotide Archive (ENA)
database under project accession number PRJEB91376 (https://www.
ebi.ac.uk/ena/browser/view/PRJEB91376).

Ethics statement

The manuscript presents research on animals that do not require
ethical approval for their study.

Author contributions

JN: Conceptualization, Resources, Visualization, Methodology,
Formal analysis, Supervision, Writing - original draft, Writing -
review & editing, Investigation, Data curation. JB: Resources,
Conceptualization, Funding acquisition, Writing — review & editing,
Project administration. MP: Writing — review & editing, Investigation,
Methodology. MC: Investigation, Writing - review & editing,
Methodology. SF: Investigation, Writing - review & editing,
Methodology. KP: Methodology, Investigation, Writing — review &
editing. HK: Project administration, Supervision, Writing — review &
editing. CK: Writing - review & editing, Conceptualization,
Supervision, Funding acquisition, Project administration.

frontiersin.org


https://doi.org/10.3389/fmicb.2025.1626064
https://www.frontiersin.org/journals/microbiology
https://www.frontiersin.org
https://www.ebi.ac.uk/ena/browser/view/PRJEB91376
https://www.ebi.ac.uk/ena/browser/view/PRJEB91376

Nakoa et al.

Funding

The author(s) declare that financial support was received for the
research and/or publication of this article. This research was funded
in part by the U. S. Geological Survey Pacific Islands Climate
Adaptation Science Center. The project described in this publication
was supported by Grant or Cooperative Agreement No. G21AC10717
from the United States Geological Survey. The views and conclusions
contained in this document are those of the authors and should not
be interpreted as representing the opinions or policies of the
U. S. Geological Survey. Mention of trade names or commercial
products does not constitute their endorsement by the Pacific Islands
Climate Adaptation Science Center or the US Geological Survey. This
manuscript is submitted for publication with the understanding that
the United States Government is authorized to reproduce and
distribute reprints for Governmental purposes. Funding was also
provided by the National Science Foundation Award No. 2149133, RII
Track-1: Change Hawai’i: Harnessing the Data Revolution for Island
Resilience and the National Science Foundation Postdoctoral
Fellowship in Biology FY 2019: Multi-omic characterization of the
coral mucus during sedimentation disturbances Award No. 1907363.

Acknowledgments

Extraction and sequencing of all samples was possible thanks to
the Knight lab at the University of California, San Diego. The authors
would also like to thank the University of Hawai‘i at Hilo Boating
Safety Program and Institute of Pacific Islands Forestry (IPIF) for
providing institutional resources and support throughout the project.
Finally, the authors would like to thank all other collaborators and
field assistants who contributed to this study.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

References

Anthony, K. R. N,, and Fabricius, K. E. (2000). Shifting roles of heterotrophy and
autotrophy in coral energetics under varying turbidity. J. Exp. Mar. Biol. Ecol. 252,
221-253. doi: 10.1016/S0022-0981(00)00237-9

Apprill, A, McNally, S., Parsons, R., and Weber, L. (2015). Minor revision to V4 region
SSU rRNA 806R gene primer greatly increases detection of SAR11 bacterioplankton.
Aquat. Microb. Ecol. 75, 129-137. doi: 10.3354/ame01753

Bent, S. M., Miller, C. A., Sharp, K. H., Hansel, C. M., and Apprill, A. (2021).
Differential patterns of microbiota recovery in symbiotic and aposymbiotic corals
following antibiotic disturbance. mSystems 6:01086-20. doi:
10.1128/msystems.01086-20

Bernasconi, R., Stat, M., Koenders, A., Paparini, A., Bunce, M., and Huggett, M. J.
(2019). Establishment of the coral-bacteria symbioses reveal changes in the core
bacterial community with host ontogeny. Front. Microbiol. 10:1529. doi:
10.3389/fmicb.2019.01529

Boilard, A., Dubé, C. E., Gruet, C., Merciére, A., Hernandez-Agreda, A., and
Derome, N. (2020). Defining coral bleaching as a microbial dysbiosis within the coral
holobiont. Microorganisms 8:1682. doi: 10.3390/microorganisms8111682

Bolyen, E., Rideout, J. R, Dillon, M. R., Bokulich, N. A., Abnet, C. C,
Al-Ghalith, G. A, et al. (2019). Reproducible, interactive, scalable and extensible

Frontiers in Microbiology

11

10.3389/fmicb.2025.1626064

Generative Al statement

The authors declare that no Gen Al was used in the creation of
this manuscript.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any
product that may be evaluated in this article, or claim that may
be made by its manufacturer, is not guaranteed or endorsed by
the publisher.

Supplementary material

The Supplementary material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fmicb.2025.1626064/
full#supplementary-material

SUPPLEMENTARY DATA S1
See the README tab in the file.

SUPPLEMENTARY FIGURE S1

Alpha rarefaction curves showing Shannon's entropy for microbial
communities in the Porites lobata surface mucus layer (SML) across three
sedimentation periods. Curves were generated across a range of sequencing
depths (x-axis) to evaluate whether diversity estimates stabilized.

SUPPLEMENTARY FIGURE S2

Boxplots showing the number of observed features in coral mucus
microbiomes before, during, and after a sedimentation event at Honoli‘i,
Hawai‘i. Letters indicate statistically significant differences between groups
based on a Kruskal-Wallis test (H = 30.88, p < 0.001) with lower case letters
indicating significant differences between groups.

SUPPLEMENTARY FIGURE S3

Boxplot of microbial community dispersion across three sampling periods
before (N = 19), during (N = 25), and after (N = 21) a sedimentation event at
Honoli'i, Hawai'i, based on distance to centroid values from a PERMDISP
analysis (F = 6.51, p = 0.003). Distance to centroid (y-axis) represents the
variability in microbial community composition within each group, with lower
values indicating more homogenous communities. Lower case letters indicate
significant differences between groups.

microbiome data science using QIIME 2. Nat. Biotechnol. 37, 852-857. doi:
10.1038/s41587-019-0209-9

Bourne, D. G., Morrow, K. M., and Webster, N. S. (2016). Insights into the coral
microbiome: underpinning the health and resilience of reef ecosystems. Annu. Rev.
Microbiol. 70, 317-340. doi: 10.1146/annurev-micro-102215-095440

Briggs, A. A., Brown, A. L., and Osenberg, C. W. (2021). Local versus site-level effects
of algae on coral microbial communities. R. Soc. Open Sci. 8:210035. doi:
10.1098/rs0s.210035

Brown, B. E., and Bythell, J. C. (2005). Perspectives on mucus secretion in reef corals.
Mar. Ecol. Prog. Ser. 296, 291-309. doi: 10.3354/meps296291

Bui, V. N., Nguyen, T. P. T., Nguyen, H. D, Phi, Q. T., Nguyen, T. N., and Chu, H. H.
(2024). Bioactivity responses to changes in mucus-associated bacterial composition
between healthy and bleached Porites lobata corals. J. Invertebr. Pathol. 206:108164. doi:
10.1016/j.jip.2024.108164

Burns, J., Delparte, D., Gates, R., and Takabayashi, M. (2015). Integrating structure-from-
motion photogrammetry with geospatial software as a novel technique for quantifying 3D
ecological characteristics of coral reefs. Peer] 3:e1077. doi: 10.7717/peerj.1077

Céceres, M. D,, Jansen, F, Endicott, S., and Dell, N. (2025). R package version 1.8.0.
Available online at: https://cran.r-project.org/package=indicspecies.

frontiersin.org


https://doi.org/10.3389/fmicb.2025.1626064
https://www.frontiersin.org/journals/microbiology
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fmicb.2025.1626064/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fmicb.2025.1626064/full#supplementary-material
https://doi.org/10.1016/S0022-0981(00)00237-9
https://doi.org/10.3354/ame01753
https://doi.org/10.1128/msystems.01086-20
https://doi.org/10.3389/fmicb.2019.01529
https://doi.org/10.3390/microorganisms8111682
https://doi.org/10.1038/s41587-019-0209-9
https://doi.org/10.1146/annurev-micro-102215-095440
https://doi.org/10.1098/rsos.210035
https://doi.org/10.3354/meps296291
https://doi.org/10.1016/j.jip.2024.108164
https://doi.org/10.7717/peerj.1077
https://cran.r-project.org/package=indicspecies

Nakoa et al.

Callewart, C., Ravard Helffer, K., and Lebaron, P. (2020). Skin microbiome and its
interplay with the environment. Am. J. Clin. Dermatol. 21, 4-11. doi:
10.1007/s40257-020-00551-x

Caporaso, J. G., Ackermann, G., Apprill, A., Bauer, M., Berg-Lyons, D., Betley, J., et al.
(2023). EMP 16S Illumina Amplicon Protocol V.2. protocols.io. doi:
10.17504/protocols.io.kqdg3dzz]25z/v2

Caporaso, J. G., Lauber, C. L., Walters, W. A., Berg-Lyons, D., Huntley, J.,
Fierer, N., et al. (2012). Ultra-high-throughput microbial community analysis on
the Illumina HiSeq and MiSeq platforms. ISME J. 6, 1621-1624. doi:
10.1038/isme;j.2012.8

Carlson, R. R,, Foo, S. A., and Asner, G. P. (2019). Land use impacts on coral reef
health: a ridge-to-reef perspective. Front. Mar. Sci. 6:562. doi: 10.3389/fmars.2019.
00562

Delgadillo-Ordofiez, N., Garcias-Bonet, N., Raimundo, I., Garcia, E. C., Villela, H.,
Osman, E. O,, et al. (2024). Probiotics reshape the coral microbiome in situ without
detectable off-target effects in the surrounding environment. Commun. Biol. 7:434. doi:
10.1038/542003-024-06135-3

Delgadillo-Ordofiez, N., Raimundo, I, Barno, A. R,, Osman, E. O., Villela, H.,
Bennet-Smith, M., et al. (2022). Red Sea atlas of coral-associated bacteria highlights
common microbiome members and their distribution across environmental
gradients-a systematic review. Microorganisms 10:2340. doi:
10.3390/microorganisms10122340

Fabricius, K. E. (2005). Effects of terrestrial runoff on the ecology of corals and coral
reefs: review and synthesis. Mar.  Pollu. Bull. 50, 125-146. doi:
10.1016/j.marpolbul.2004.11.028

Ferrario, E, Beck, M. W,, Storlazzi, C. D., Micheli, E, Shepard, C. C., and Airoldi, L.
(2014). The effectiveness of coral reefs for coastal hazard risk reduction and adaptation.
Nat. Commun. 5:3794. doi: 10.1038/ncomms4794

Fifer, J. E., Bui, V,, Berg, J. T., Kriefall, N., Klepac, C., Bentlage, B., et al. (2022).
Microbiome structuring within a coral colony along a sedimentation gradient. Front.
Mar. Sci. 8:805202. doi: 10.3389/fmars.2021.805202

Forquin-Gomez, M. P,, Weimer, B. C., Sorieul, L., Kalinowski, J., Vallaeys, T.,
Rosenberg, E., et al. (2014). The family Brefibacteriaceae. Prokaryotes Actinobacteria 4,
141-153. Available online at: https://www.researchgate.net/profile/Bart-Weimer/
publication/272781938_The_Family_Brevibacteriaceae/links/562ff2a608a
e432a022c25af/The-Family-Brevibacteriaceae.pdf

Giambelluca, T. W,, Chen, Q., Frazier, A. G., Price, J. P, Chen, Y.-L., Chu, P--S,, et al.
(2013). Online rainfall atlas of Hawai‘i. BAMS 94, 313-316. doi:
10.1175/BAMS-D-11-00228.1

Glasl, B., Bourne, D. G, Frade, P. R, Thomas, T., Schaffelke, B., and Webster, N. S.
(2019). Microbial indicators of environmental perturbations in coral reef ecosystems.
Microbiome 7:94. doi: 10.1186/s40168-019-0705-7

Glasl, B., Herndl, G. J., and Frade, P. R. (2016). The microbiome of coral surface mucus
has a key role in mediating holobiont health and survival upon disturbance. ISME J. 10,
2280-2292. doi: 10.1038/ismej.2016.9

Glaze, T. D,, Erler, D. V., and Siljanen, H. M. P. (2022). Microbially facilitated nitrogen
cycling in tropical corals. ISME J. 16, 68-77. doi: 10.1038/s41396-021-01038-1

Gonzalez, A., Navas-Molina, J. A., Kosciolek, T., McDonald, D., Vazquez-Baeza, Y.,
Ackermann, G., et al. (2018). Qiita: rapid, web-enabled microbiome meta-analysis. Nat.
Methods 15, 796-798. doi: 10.1038/s41592-018-0141-9

Greff, S., Aries, T., Serrdo, E. A., Engelen, A. H., Thomas, O. P, and Pérez, T. (2017).
The interaction between the proliferating macroalga Asparagopsis taxiformis and the
coral Astroides calycularis indices changes in microbiome and metabolomic fingerprints.
Sci. Rep. 7:42625. doi: 10.1038/srep42625

Guo, X,, Song, G., Li, Y., Zhao, L., and Wang, J. (2022). Switch of bacterial community
under oxygen depletion in sediment of Bohai Sea. Front. Mar. Sci. 9:833513. doi:
10.3389/fmars.2022.833513

Hart, R. S. (2018). Quantifying shoreline change at three diverse coastal
geomorphologies on Hawai‘i island. [master’s thesis]. Hilo, HI: University of Hawai‘i at
Hilo. Available online at: https://www.proquest.com/docview/2075807841

HDOH (2024). Brown water advisory for east Hawai‘i (event ID 1730). Clean water
branch, environmental health administration. Available online at: https://eha-cloud.doh.
hawaii.gov/cwb/#!/event/1730/details/view

Howard, R. R,, Schul, M. D, Rodriguez Bravo, L. M., Altieri, A. H., and Meyer, J. L.
(2023). Shifts in the coral microbiome in response to in situ experimental deoxygenation.
Appl. Environ. Microbiol. 89, €00577-e00523. doi: 10.1128/aem.00577-23

Hughes, T. P, Kerry, . T., Alvarez-Noriega, M., Alvarez-Romero, J. G., Anderson, K. D.,

Baird, A. H., et al. (2017). Global warming and recurrent mass bleaching of corals.
Nature 543, 373-377. doi: 10.1038/nature21707

Huntley, N., Brandt, M. E., Becker, C. C., Miller, C. A., Meiling, S. S., Correa, A. M. S.,
et al. (2022). Experimental transmission of stony coral tissue loss disease results in
differential microbial responses within coral mucus and tissue. ISME Commun. 2:46.
doi: 10.1038/543705-022-00126-3

Frontiers in Microbiology

12

10.3389/fmicb.2025.1626064

Junjie, R. K., Browne, N. K., Erftemeijer, P. L. A., and Todd, P. A. (2014). Impacts of
sediments on coral energetics: partitioning the effects of turbidity and settling particles.
PLoS One 9:¢107195. doi: 10.1371/journal.pone.0107195

Kline, D. I, and Vollmer, S. V. (2011). White band disease (type I) of endangered
Caribbean Acroporid corals is caused by pathogenic bacteria. Sci. Rep. 1:7. doi:
10.1038/srep00007

Knowlton, N, Brainard, R. E., Fisher, R., Moews, M., Plaisance, L., and Caley, M. J.
(2010). “Coral reef biodiversity” in Life in the world's oceans: Diversity, distribution, and
abundance. ed. A. D. McIntyre (Oxford: Wiley-Blackwell), 65-78. doi:
10.1002/9781444325508

Kuhn, M., Wing, J., Weston, S., Williams, A., Keefer, C., and Engelhardt, A. (2023).
Caret: Classification and regression training. R package version 6.0-94. Available online
at: https://cran.r-project.org/package=caret

Lee, S. T. M., Davy, S. K., Tang, S.-L., Fan, T.-Y,, and Kench, P. S. (2015). Successive
shifts in the microbial community of the surface mucus layer and tissues of the coral
Acropora muricata under thermal stress. FEMS Microbiol. Ecol. 91:fivl42. doi:
10.1093/femsec/fiv142

Liaw, A., and Wiener, M. Classification and regression by randomForest. R News
(2002) 2. Available online at: https://cran.r-project.org/package=randomForest

Lima, L. E O, Alker, A. T, Papudeshi, B., Morris, M. M., Edwards, R. A., de
Putron, S. J., et al. (2022). Coral and seawater metagenomes reveal key microbial
functions to coral health and ecosyste, functioning shaped at reef scale. Microb. Ecol. 86,
392-407. doi: 10.1007/s00248-022-02094-6

Mabher, R. L., Schmeltzer, E. R., Meiling, S., McMinds, R., Ezzat, L., Shantz, A. A., etal.
(2020). Coral microbiomes demonstrate flexibility and resilience through reduction in
community diversity following a thermal stress event. Front. Ecol. Evol. 8:555698. doi:
10.3389/fevo.2020.555698

McKew, B. A., Dumbrell, A. J., Daud, S. D., Hepburn, L., Thorpe, E., Mogensen, L.,
et al. (2016). Characterization of geographically distinct bacterial communities
associated with coral mucus produced by Acropora spp. and Porites spp. Appl. Environ.
Microbiol. 78, 5229-5237. doi: 10.1128/ AEM.07764-11

Meyer, J. L., Castellanos-Gell, J., Aeby, G. S., Hise, C. C., Ushijima, B., and Paul, V..
(2019). Microbial community shifts associated with the ongoing stony coral tissue loss
disease outbreak on the Florida reef tract. Front. Microbiol. 10:2244. doi:
10.3389/fmicb.2019.02244

Miller, T. C., and Bentlage, B. (2024). Seasonal dynamics and environmental drivers
of tissue and mucus microbiomes in the staghorn coral Acropora pulchra. Peer]
12:e17421. doi: 10.7717/peerj.17421

Miller, A. W, and Richardson, L. L. (2011). A meta-analysis of 16S rRNA gene clone
libraries from the polymicrobial black band disease of corals. FEMS Microbiol. Ecol. 75,
231-241. doi: 10.1111/j.1574-6941.2010.00991.x

Minich, J. J., Zhu, Q., Janssen, S., Hendrickson, R., Amir, A., Vetter, R., et al. (2018).
KatheroSeq enables high-throughput microbiome analysis from low-biomass samples.
mSystems 3:00218-17. doi: 10.1128/msystems.00218-17

Moberg, E, and Folke, C. (1999). Ecological goods and services of coral reef
ecosystems. Ecol. Econ. 29, 215-233. doi: 10.1016/50921-8009(99)00009-9

Moradi, M., Magalhaes, P. R., Peixoto, R. S., Jonck, C. C. A. C., Frangois, D,
Bellot, A. C. F, et al. (2023). Probiotics mitigate thermal stress- and pathogen-driven
impacts on coral skeleton. Front. Mar. Sci. 10:1212690. doi: 10.3389/fmars.2023.1212690

Mouchka, M. E., Hewson, 1., and Harvell, C. D. (2010). Coral-associated bacterial
assemblages: current knowledge and the potential for climate-driven impacts. Integr.
Comp. Biol. 50, 662-674. doi: 10.1093/icb/icq061

Neave, M. J., Apprill, A., Ferrier-Pages, C., and Voolstra, C. R. (2016). Diversity and
function of prevalent symbiotic marine bacteria in the genus Endozoicomonas. Appl.
Microbiol. Biotechnol. 100, 8315-8324. doi: 10.1007/s00253-016-7777-0

Parada, A. E,, Needham, D. M., and Fuhrman, J. A. (2016). Every base matters:
assessing small subunit rRNA primers for marine microbiomes with mock communities,
time series and global field samples. Environ. Microbiol. 18, 1403-1414. doi:
10.1111/1462-2920.13023

Pogoreutz, C., Oakley, C. A., Radecker, N., Cérdenas, A., Perna, G., Xiang, N., et al.
(2022). Coral holobiont cues prime Endozoicomonas for a symbiotic lifestyle. ISME J.
16, 1883-1895. doi: 10.1038/s41396-022-01226-7

Puniwai, N., Gray, S., Lepczyk, C. A., Kapono, A., and Severance, C. (2016). Mapping
Ocean currents through human observations: insights from Hilo Bay, Hawai‘i. Hum.
Ecol. 44, 365-374. doi: 10.1007/510745-016-9822-0

Risk, M. J. (2014). Assessing the effects of sediments and nutrients on coral reefs. Curr.
Opin. Environ. Sustain. 7, 108-117. doi: 10.1016/j.cosust.2014.01.003

Ritchie, K. B. (2006). Regulation of microbial populations by coral surface mucus and
mucus-associated bacteria. Mar. Ecol. Prog. Ser. 322, 1-14. doi: 10.3354/meps
322001

Rohwer, E, Seguritan, V., Azam, E, and Knowlton, N. (2002). Diversity and
distribution of coral-associated bacteria. Mar. Ecol. Prog. Ser. 243, 1-10. doi:
10.3354/meps243001

frontiersin.org


https://doi.org/10.3389/fmicb.2025.1626064
https://www.frontiersin.org/journals/microbiology
https://www.frontiersin.org
https://doi.org/10.1007/s40257-020-00551-x
https://doi.org/10.17504/protocols.io.kqdg3dzzl25z/v2
https://doi.org/10.1038/ismej.2012.8
https://doi.org/10.3389/fmars.2019.00562
https://doi.org/10.3389/fmars.2019.00562
https://doi.org/10.1038/s42003-024-06135-3
https://doi.org/10.3390/microorganisms10122340
https://doi.org/10.1016/j.marpolbul.2004.11.028
https://doi.org/10.1038/ncomms4794
https://doi.org/10.3389/fmars.2021.805202
https://www.researchgate.net/profile/Bart-Weimer/publication/272781938_The_Family_Brevibacteriaceae/links/562ff2a608ae432a022c25af/The-Family-Brevibacteriaceae.pdf
https://www.researchgate.net/profile/Bart-Weimer/publication/272781938_The_Family_Brevibacteriaceae/links/562ff2a608ae432a022c25af/The-Family-Brevibacteriaceae.pdf
https://www.researchgate.net/profile/Bart-Weimer/publication/272781938_The_Family_Brevibacteriaceae/links/562ff2a608ae432a022c25af/The-Family-Brevibacteriaceae.pdf
https://doi.org/10.1175/BAMS-D-11-00228.1
https://doi.org/10.1186/s40168-019-0705-7
https://doi.org/10.1038/ismej.2016.9
https://doi.org/10.1038/s41396-021-01038-1
https://doi.org/10.1038/s41592-018-0141-9
https://doi.org/10.1038/srep42625
https://doi.org/10.3389/fmars.2022.833513
https://www.proquest.com/docview/2075807841
https://eha-cloud.doh.hawaii.gov/cwb/#!/event/1730/details/view
https://eha-cloud.doh.hawaii.gov/cwb/#!/event/1730/details/view
https://doi.org/10.1128/aem.00577-23
https://doi.org/10.1038/nature21707
https://doi.org/10.1038/s43705-022-00126-3
https://doi.org/10.1371/journal.pone.0107195
https://doi.org/10.1038/srep00007
https://doi.org/10.1002/9781444325508
https://cran.r-project.org/package=caret
https://doi.org/10.1093/femsec/fiv142
https://cran.r-project.org/package=randomForest
https://doi.org/10.1007/s00248-022-02094-6
https://doi.org/10.3389/fevo.2020.555698
https://doi.org/10.1128/AEM.07764-11
https://doi.org/10.3389/fmicb.2019.02244
https://doi.org/10.7717/peerj.17421
https://doi.org/10.1111/j.1574-6941.2010.00991.x
https://doi.org/10.1128/msystems.00218-17
https://doi.org/10.1016/S0921-8009(99)00009-9
https://doi.org/10.3389/fmars.2023.1212690
https://doi.org/10.1093/icb/icq061
https://doi.org/10.1007/s00253-016-7777-0
https://doi.org/10.1111/1462-2920.13023
https://doi.org/10.1038/s41396-022-01226-7
https://doi.org/10.1007/s10745-016-9822-0
https://doi.org/10.1016/j.cosust.2014.01.003
https://doi.org/10.3354/meps322001
https://doi.org/10.3354/meps322001
https://doi.org/10.3354/meps243001

Nakoa et al.

Rosenberg, E., and Falkovitz, L. (2004). The Vibrio shiloi/ Oculina patagonica model
system of coral bleaching. Ann. Rev. Microbiol. 58, 143-159. doi:
10.1146/annurev.micro.58.030603.123610

Sherrod, D. R,, Sinton, J. M., Watkins, S. E., and Brint, K. (2021). Geologic map of the
state of Hawai‘i. US geological survey scientific investigations map 3143. pamphlet 72p,
5 sheets, scales 1: 100,000 and 1: 250,000. doi: 10.3133/sim3143

Spalding, M., Burke, L., Wood, S. A., Ashpole, J., Hutchison, ., and zu Ermgassen, P.
(2017). Mapping the global value and distribution of coral reef tourism. Mar. Policy 82,
104-113. doi: 10.1016/j.marpol.2017.05.014

Staley, C., Kaiser, T., Gidley, M. L., Enochs, I. C,, Jones, P. R., Goodwin, K. D,, et al. (2017).
Differential impacts of land-based sources of pollution on the microbiota of southeast Florida
coral reefs. Appl. Environ. Microbiol. 83:¢03378. doi: 10.1128/AEM.03378-16

Strauch, A. M. (2017). Relative change in stream discharge from a tropical watershed
improves predictions of fecal bacteria in nearshore environments. Hydrol. Sci. J. 62,
1381-1393. doi: 10.1080/02626667.2017.1310381

Sutherland, K. P, Shaban, S., Joyner, J. L., Porter, J. W,, and Lipp, E. K. (2011). Human
pathogen shown to cause disease in the threatened Elkhorn coral Acropora palmata.
PLoS One 6:€23468. doi: 10.1371/journal.pone.0023468

Sweet, M., and Bythell, J. (2017). The role of viruses in coral health and disease. J.
Invertebr. Pathol. 147, 136-144. doi: 10.1016/j.jip.2016.12.005

Terzin, M., Lafty, P. W, Robbins, S., Kit Yeoh, Y., Frade, P. R,, Glasl, B., et al. (2024).
The road forward to incorporate seawater microbes in predictive reef monitoring.
Environ. Microbiome 19:5. doi: 10.1186/s40793-023-00543-4

Tuttle, L. J., and Donahue, M. J. (2022). Effects of sediment exposure on corals: a systematic
review of experimental studies. Environ. Evid. 11:4. doi: 10.1186/s13750-022-00256-0

USGS (2024). Streamflow discharge data for monitoring location 16717000, Honoli‘i
stream near Papaikou, HI. NWIS. Available online at: https://waterdata.usgs.gov/
monitoring-location/16717000 (Accessed January, 2025).

USGS. (2025). Annual streamflow statistics for site 16717000, Honoli‘i stream
near Papaikou, HI. U.S. Department of the Interior. Available online at: https://
waterdata.usgs.gov/nwis/annual?referred_module=sw&site_no=16717000
(Accessed June, 2025).

van Vliet, D. M., Palakawong Na Ayudthaya, S., Diop, S., Villanueva, L., Stams, A. J.,
and Sdnchez-Andrea, I. (2019). Anaerobic degradation of sulfated polysaccharides by
two novel Kiritimatiellales strains isolated from Black Sea sediment. Front. Microbiol.
10:253. doi: 10.3389/fmicb.2019.00253

Frontiers in Microbiology

13

10.3389/fmicb.2025.1626064

Vega Thurber, R. L., Burkepile, D. E., Fuchs, C., Shantz, A. A., McMinds, R., and
Zaneveld, J. R. (2014). Chronic nutrient enrichment increases prevalence and severity
of coral disease and bleaching. Glob. Chang. Biol. 20, 544-554. doi: 10.1111/gcb.
12450

Vezzulli, L., Pezzati, E., Huete-Stauffer, C., Pruzzo, C., and Cerrano, C. (2013).
16SrDNA pryosequencing of the Mediterranean gorgonian Paramuricea clavata reveals
a link among alterations in bacterial holobiont members, anthropogenic influence and
disease outbreaks. PLoS One 8:67745. doi: 10.1371/journal.pone.0067745

Wainwright, B. J., Afig-Rosli, L., Zahn, G. L., and Huang, D. (2019). Characterisation
of coral-associated bacterial communities in an urbanised marine environment shows
strong divergence over small geographic scales. Coral Reefs 38, 1097-1106. doi:
10.1007/s00338-019-01837-1

Weber, M., de Beer, D., Lott, C., Polerecky, L., Kohls, K., Abed, R. M. M., et al. (2012).
Mechanisms of damage to corals exposed to sedimentation. Proc. Natl. Acad. Sci. USA
109, E1558-E1567. doi: 10.1073/pnas.1100715109

Webster, N. S., Negri, A. P, Botté, E. S., Lafty, P. W,, Flores, E, Noonan, S., et al. (2016).
Host-associated coral reef microbes respond to the cumulative pressures of ocean
warming and ocean acidification. Sci. Rep. 6:19324. doi: 10.1038/srep19324

Wickham, H. (2016). ggplot2: Elegant graphics for data analysis. New York: Springer-
Verlag. 978-3-319-24277-4. Available online at: https://ggplot2.tidyverse.org

Wickham, H., Frangois, R., Henry, L., and Miiller, K. (2023b). Dplyr: A grammar of data
manipulation. R package version 1.1.4. Available online at: https://dplyr.tidyverse.org/

Wickham, H., Vaughan, D., and Girlich, M. (2023a). tidyr: tidy messy data. R package
version 1.3.1. Available online at: https://CRAN-R-project.org/package=tidyr

Wright, R. M., Strader, M. E., Genius, H. M., and Matz, M. (2019). Effects of thermal
stress on amount, composition, and antibacterial properties of coral mucus. Peer] 7:¢6849.
doi: 10.7717/peerj.6849

Zaneveld, J. R., Burkepile, D. E,, Shantz, A. A,, Pritchard, C. E., McMinds, R,, Payet, ]. P,
etal. (2016). Overfishing and nutrient pollution interact with temperature to disrupt coral
reefs down to microbial scales. Nat. Commun. 7:11833. doi: 10.1038/ncomms11833

Ziegler, M., Roik, A., Porter, A., Zubier, K., Mudarris, M. S., Ormond, R., et al. (2016).
Coral microbial community dynamics in response to anthropogenic impacts near a
major city in the Central Red Sea. Mar. Pollut. Bull. 105, 629-640. doi:
10.1016/j.marpolbul.2015.12.045

Zou, Y., Chen, Y., Wang, L., Zhang, S., and Li, J. (2022). Differential responses of

bacterial communities in coral tissue and mucus to bleaching. Coral Reefs 41, 951-960.
doi: 10.1007/s00338-022-02261-8

frontiersin.org


https://doi.org/10.3389/fmicb.2025.1626064
https://www.frontiersin.org/journals/microbiology
https://www.frontiersin.org
https://doi.org/10.1146/annurev.micro.58.030603.123610
https://doi.org/10.3133/sim3143
https://doi.org/10.1016/j.marpol.2017.05.014
https://doi.org/10.1128/AEM.03378-16
https://doi.org/10.1080/02626667.2017.1310381
https://doi.org/10.1371/journal.pone.0023468
https://doi.org/10.1016/j.jip.2016.12.005
https://doi.org/10.1186/s40793-023-00543-4
https://doi.org/10.1186/s13750-022-00256-0
https://waterdata.usgs.gov/monitoring-location/16717000
https://waterdata.usgs.gov/monitoring-location/16717000
https://waterdata.usgs.gov/nwis/annual?referred_module=sw&site_no=16717000
https://waterdata.usgs.gov/nwis/annual?referred_module=sw&site_no=16717000
https://doi.org/10.3389/fmicb.2019.00253
https://doi.org/10.1111/gcb.12450
https://doi.org/10.1111/gcb.12450
https://doi.org/10.1371/journal.pone.0067745
https://doi.org/10.1007/s00338-019-01837-1
https://doi.org/10.1073/pnas.1100715109
https://doi.org/10.1038/srep19324
https://ggplot2.tidyverse.org
https://dplyr.tidyverse.org/
https://CRAN-R-project.org/package=tidyr
https://doi.org/10.7717/peerj.6849
https://doi.org/10.1038/ncomms11833
https://doi.org/10.1016/j.marpolbul.2015.12.045
https://doi.org/10.1007/s00338-022-02261-8

	Sediment exposure decreases diversity in the surface mucus layer microbiome of Porites lobata at Honoliʻi, Hawaiʻi
	1 Introduction
	2 Methods
	2.1 Study site
	2.2 3D reconstruction and colony selection
	2.3 Sampling periods and collection
	2.4 16S rRNA gene sequencing and quality control
	2.5 Statistical analyses

	3 Results
	3.1 Stream discharge and water quality
	3.2 Relative abundance of microbial taxa
	3.3 Alpha and beta diversity
	3.4 Key taxa from Random Forest analysis
	3.5 Key taxa from indicator species analysis

	4 Discussion

	References

