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Tidal marshes are among the most valuable, productive, and vulnerable
ecosystems with high biodiversity. Louisiana’s saltmarshes are endangered
by natural and man-made stressors, including oil pollution, saltwater
intrusion, and land loss due to sea level rise and erosion. Freshwater
diversions have been planned to restore sediment input from the Mississippi
River to rebuild marsh habitats in South Louisiana. These proposed diversions
will undoubtedly change salinity levels, which is a major controlling factor in the
distribution of marsh organisms, including those in soil; however, detailed pre-
event inventories are lacking. This study describes the diversity of metazoan
meiofauna (organisms between 45 and 500 pm) and environmental DNA in
marsh soil collected in 2018 from Barataria and Caillou Bay, Louisiana, across
three salinity zones and four distances from the marsh edge. Diversity analyses
using 18S rRNA gene metabarcodes identified salinity as a factor impacting soil
metazoan composition. Nematoda and Mollusca were equally distributed
across salinity zones. Gastrotricha, Bryozoa, Rotifera, and Platyhelminthes
were more prevalent in low salinity while Kinorhyncha were not detected in
low salinity. Annelida and insects were equally common in low and high salinity
but less in mid salinity. Five nematodes (Eumonhystera filiformis, two
Prismatolaimus spp., Anoplostoma sp., and Prodorylaimus sp.), two annelids
(Marionina southerni and Dendronereis aestuarina), two platyhelminthes
(Rhynchoscolex simplex and Olisthanella truncula), the gastrotrich
Chaetonotus novenarius and four collembola and ostracods appear to be
low salinity bioindicators and are expected to expand range with freshwater
diversions. No frequently detected organisms were unique to mid or high
salinity zones, but four Nematoda (Meleidogyne spartinae, Prochaetosoma
sp., Halalaimus sp., and Dichromadora sp.), two Annelida (Alitta succinea and
Namalycastis jaya), two Platyhelminthes (Macrostomum kepneri and
Mesorhynchus terminostylis), and one Kinorhyncha (Echinoderes sp.) were
never detected in low salinity zones. None of the frequently detected taxa
were unique for a particular distance from the marsh edge or bay. This dataset
will be useful as baseline for assessing how soil communities will change in
response to salinity changes caused by freshwater diversions and saltwater
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intrusion as well as measuring the environmental impact of pollution and other

stressors.
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Introduction

Tidal saltmarshes provide a number of ecosystem services
which are valuable to humans, including coastal protection from
storms, carbon sequestration, and denitrification (Barbier et al.,
2011). These habitats also act as nurseries for commercially and
recreationally important species (Boesch and Turner, 1984;
Zimmerman et al., 2002; Mackenzie and Dionne, 2008).
However, salt marshes across the globe are in decline due to a
variety of factors (MEA, 2005; UNEP, 2006).

The marshes of Louisiana were initially built by yearly
flooding of the Mississippi River over thousands of years (Fisk
and McFarlan, 1955) but have lost an area the size of the state of
Delaware since 1932 (Couvillion et al., 2017) due to flood control
structures preventing these floods and sediment accretion. River
sediment compacts readily causing subsidence, which together
with sea-level rise leads to land loss and salt water intrusion
(Delaune and Pezeshki, 1994; Yuill et al., 2009). In some areas of
Louisiana marsh, subsidence may exceed 1 cm per year, which is
among the highest rates of subsidence along the Gulf Coast of the
United States (Penland and Ramsey, 1990). In addition,
marshland is lost due to erosion exacerbated by hurricanes
and oil spills (Palaseanu-Lovejoy et al, 2013; Rabalais and
Turner, 2016). For example, oiling after the 2010 Deepwater
Horizon oil spill of Louisiana’s salt marshes, which are
dominated by Spartina alterniflora (Loisel.) and Juncus
roemerianus (Scheele), led in some areas to complete loss of
vegetation, which resulted in shearing of the marsh edge and
accelerated land loss after hurricanes (Lin and Mendelssohn,
2012; Mendelssohn et al., 2012; Silliman et al., 2012; Zengel et al.,
2015; Khanna et al., 2017).

A comprehensive Louisiana Coastal Master Plan pledging
$50 billion to 79 coastal restoration and protection projects
through the next half century has been compiled by the
Coastal Resource Management Agency to counteract the
alarming rate of loss of Louisiana marshes (Coastal Protection
and Restoration Authority of Louisiana, 2007; Coastal Protection
and Restoration Authority of Louisiana, 2012; Peyronnin et al.,
2013; Coastal Protection and Restoration Authority of Louisiana,
2017). Included in these projects are several sediment and
freshwater diversions planned to divert flow from the
Mississippi River into the marshes to promote land accretion
and reduce saltwater intrusion into historically freshwater
marshes (Elsey-Quirk et al., 2019). The first of these major
sediment diversions is the Mid-Barataria Sediment Diversion,
which was slated to begin construction in 2022 but is now
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delayed. Environmental impact studies of these diversions will
require the establishment of baselines of the composition and
distribution of organisms in the marsh. Because salinity is one of
the dominant environmental variables in salt marshes
(Chapman, 1977; Holland et al., 1990), detailed inventories of
different salinity zones are vital to measuring effects of freshwater
diversions, saltwater intrusion and other environmental
disturbances on the ecology of the marsh community.
Invertebrate organisms are often used for ecological
monitoring because they have a high diversity of species, life
histories and niches and are responsive to environmental change
such as salinity shifts. Therefore, Aker (Aker, 2020) established
detailed year-long insect inventories across different salinity
zones in Louisiana marshes and identified bioindicator taxa
for salinity zones. In addition, sediment-dwelling infauna acts
as a linkage between microbe and macrofauna food webs and
between benthic and pelagic food webs (Coull, 1999; Posey et al.,
2005; Rozas and Minello, 2011; Schratzberger and Ingels, 2018).
Meiofauna are infauna typically ranging from 45 to 500 um
(Giere, 2009). The intergenerational time of many groups of
meiofauna is quite short, with multiple generations per year,
allowing rapid response in both diversity and abundance of
major taxa to environmental changes (Warwick, 1981;
Kennedy and Jacoby, 1999; Montagna et al.,, 2002; Cai et al,,
2012; Ngo et al,, 2013; Zeppilli et al., 2015). Therefore, meiofauna
are often used as bioindicators of marsh health, especially with
regards to pollution responses (Fleeger et al., 1982; Fleeger and
Chandler, 1983; Fleeger, 1985; Fleeger et al., 2007; Fleeger et al,,
2015; Semprucci et al., 2015; Bam et al., 2018). However, soil
infauna is also likely to be affected by salinity changes. Meiofauna
abundance has been shown to increase in salt marshes as salinity
increases due to the influx of marine species (Montagna et al.,
2002). Salinity was also a major factor impacting benthic infauna
across marsh zones from tidal flats to high marsh of the Atlantic
coast (MacKenzie et al., 2015; van Regteren et al., 2020).
While meiofauna have been studied in both Gulf and Atlantic
coastal marshes, these studies tend to identify meiofauna to
major taxonomic groups such as nematodes, harpacticoid
copepods, and oligochaetes (Bell, 1979; Coull and Bell, 1979;
Fleeger, 1985; Kennedy and Jacoby, 1999; MacKenzie et al., 2015;
van Regteren et al., 2020) or a limited number of well described
species (Fleeger et al., 2015; Fleeger et al., 2018; Fleeger et al,,
2019). Meiofauna diversity in general remains poorly known at
the species level (Snelgrove et al., 1997; Gielings et al., 2021). This
is largely due to the effort and technical experience required to
the level with classical

identify meiofauna to species
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morphological methods. Traditional studies of meiofauna also
are limited by capture of certain groups, especially the smaller,
soft bodied organisms such as the Platyhelminthes, Rotifera, and
Gastrotricha, due to sampling bias and preservation issues
(Kennedy and Jacoby, 1999; Carugati et al., 2015; Leasi et al,,
2018). To overcome these limitations, studies on meiofauna are
increasingly using DNA metabarcoding methods for rapid, cost-
effective identification of meiofauna over traditional methods
(Bik et al., 2012; Brannock et al., 2014; Brannock and Halanych,
2015; Creer et al., 2016; Husseneder et al., 2022, reviewed in
Gielings et al., 2021). Metabarcoding is used to assess diversity
via high-throughput sequencing of amplified DNA markers and
assign taxonomic information by comparison to sequences of
identified organisms in reference databases (Taberlet et al., 2012).
Metabarcoding captures and analyzes DNA from all living
organisms in a sample without the need of isolating them, but
also from genetic material shed into the environment
(environmental DNA, Zaiko et al, 2018). The use of DNA
sequencing methods detects even rare taxa and cryptic life
stages and allows diversity comparisons even when only a
fraction of the species is described and, thus, often exceeds
conventional diversity assessments in terms of taxonomic
resolution, precision and sensitivity (Zaiko et al., 2018). Thus,
metabarcoding is an excellent tool in ecological monitoring
(Chariton et al., 2015; DiBattista et al., 2020).

The purpose of this study was to describe metazoan
of
environmental DNA at different salinity zones in Louisiana

community  diversity  consisting meiofauna  and
estuaries to detect changes in these communities caused by
the planned freshwater diversion projects or other unforeseen
environmental disturbances including saltwater intrusion and
pollution. Communities were described from three salinity zones
in two Louisiana bays, Barataria Bay and Caillou Bay, which
previously were selected for the collection of baseline insect
community data across the salinity zones (Aker, 2020).
Samples were collected from four distances from the marsh
edge to capture diversity and test whether there would be
distance-dependent differences in metazoan composition. The
timing of this study was critical for the collection of a baseline
taxa and diversity inventory since Barataria Bay likely will be
immediately affected by the Mid-Barataria Sediment Diversion
project when it is initiated (Coastal Protection and Restoration
Authority of Louisiana, 2007; Mccall and Pennings, 2012;

Minowa and Garaffoni, 2017).

Materials and methods
Site determination and sample collection
Sampling sites were selected from two major Louisiana

estuaries: Caillou Bay and Barataria Bay. Caillou Bay is to the
southwest of the mouth of the Atchafalaya River, and Barataria
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Bay is to the East of the mouth of the Mississippi River. Monthly
recordings by six Coastal Reference Monitoring Stations from
2014 to 2017 (CPRA, 2018, http://cims.coastal.louisiana.gov)
were analyzed to choose sample sites in three salinity zones
(low (~4.8 ppt), mid (~8.5 ppt), and high salinity (~13.9 ppt) for
S1). Salinity differed
significantly among the three zones but no differences were

each bay (Supplementary Figure
detected between corresponding zones in both bays (Aker,
2020). Sample sites were not exposed to oiling by the
Deepwater Horizon oil spill in April 2010 as determined by
landing data from the Environmental Response Management
(NOAA,  2018)
gulfofmexico/). Within each zone in each bay, three replicate

Application (https://erma.noaa.gov/
sites were selected by accessibility and proximity to the Coastal
Reference Monitoring Station used to determine local salinity.
The sites in Barataria Bay were also selected for proximity to the
proposed Mid-Barataria Sediment Diversion project. Four soil
samples were collected at each site along a transect at 0, 1, 5, and
10 m from the water edge. The starting point of transects (0 m
into the marsh) was defined as the edge of the marsh, where the
outermost plants begin to appear. Soil samples were collected
using a coring device with removable 10.2 cm diameter x 30.5 cm
long cylindrical acrylic cores (Rayle, 2021). Once the soil sample
was collected, it was immediately capped and placed into a cooler
with ice for transport. Soil cores were stored in a —20°C freezer
until processing. Overall, 72 soil samples were collected (two bays
* three salinity zones * four distances from the marsh edge * three
replicates at each site).

Soil chemistry and analysis

Samples collected 5 and 10 m from the marsh edge (n = 36)
were processed at the LSU Agcenter Soil Testing and Plant
Analysis lab for chemistry analysis using routine methods
described at http://www.lsuagcenter.com/portals/our_offices/
departments/spess/servicelabs/soil_testing_lab. ~Parameters
measured were Carbon (%), Nitrogen (%), carbon/nitrogen
(C/N) ratios, Percent Organic Matter (%), Aluminum (ppm),
Boron (ppm), Calcium (ppm), Chloride (ppm), Conductivity
(dS/m), Copper (ppm), Iron (ppm), Magnesium (ppm),
Manganese (ppm), pH, Phosphorus (ppm),
(ppm), Salts (ppm), Sodium (ppm), Sodium Adsorption
Ratio (SAR), Sulfur (ppm), Zinc (ppm). All soil chemistry

Potassium

data were tested for significant differences across the salinity
zones, the different bays, and the different distances from the
marsh edge using a three-way ANOVA including all 2- and 3-
way interactions in the aov function in the stats package in R
(Chambers et al, 1992). The Tukey HSD method in R
(Yandell, 1997), was used to perform post hoc testing on
all analyses. Spearman correlations were performed to test for
correlation of sediment chemistry parameters and metazoan
alpha-diversity.
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Sample processing

Frozen soil cores were removed from the acrylic cores and an
approximately 5 g section was cut from the top one-centimeter
section of each core staying well above the anoxic zone using a
handsaw disinfected with 10% bleach. The cut sections were
thawed in 95% ethanol at 4°C, then rinsed through a 500 um sieve
onto a 45 um sieve. The portion of the sample retained on the
500 um sieve was stored in 95% ethanol at —20°C as voucher
material. The portion of the sample retained on the 45 pm sieve
was mixed with Ludox (Sigma-Aldrich, Munich, Germany) for
1h and centrifuged at 45,000 rpm for 15min at 25°C. The
supernatants containing the organic portion including the
meiofauna were collected onto a 45pum sieve, thoroughly
rinsed and stored in 95% ethanol at 4°C until DNA extraction
(Rayle, 2021). Since the sediment samples were frozen and then
thawed and agitated, fragments of macrofauna were captured
along with meiofauna.

DNA extraction, polymerase chain
amplification, and sequencing

Total DNA extractions were performed on three 0.25g
portions of the organic portion of each sample using DNeasy
Powersoil kits (Qiagen, Hilden, Germany). All aliquots were
checked for DNA concentration using the Invitrogen Qubit
4 Fluorometer (Thermo Fisher Scientific, Wilmington, DE)
with the Qubit dsSDNA BR Assay Kit. The NF1/18Sr2b primer
set (Porazinska et al., 2009; Porazinska et al., 2010), with NextEra
Mumina adapter sequences was used to amplify a portion of the
18S small ribosomal subunit gene, which is a universal marker for
comparatively unbiased identification of nearly all eukaryote taxa
(Creer et al.,, 2016; Jacquiod et al., 2016). The PCR mix consisted
of 10.5 pl Taq polymerase master mix (New England BioLabs),
0.5 pl (at 5 uM concentration) of each of the forward and reverse
primer construct, 1 pl extracted sample DNA (at 10 ng/ul), and
12.5 ul DNA-ase free water for a total of 25 pl for each reaction.
All PCR products were sequenced at the University of New
Hampshire Hubbard Center for Genome Studies on the Illumina
Hiseq 2500 platform (Caporaso et al., 2012), using NextEra DNA
Flex Library Prep kits (Illumina, San Diego, California). For all
DNA aliquots, 2 x 250 base pair forward and reverse FASTQ files
were produced. Sequence files and metadata are available in
NCBI GenBank via the
PRJNA706429.

BioProject accession number

Bioinformatics
Initial bioinformatics steps were performed on the University

of New Hampshire Hubbard Genome Center server using
QIIME2 version 2020-2 (Bolyen et al.,, 2019). Sequences were
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subjected to rigorous quality control and ends with low Phred
quality scores were trimmed using the DADA2 algorithm
(Callahan et al., 2016). Due to the low quality of the reverse
sequences, only forward sequences were used for further
analyses. The resulting amplicon sequence variants (ASVs),
which
taxonomically classified by comparing them to the SILVA
132 database (Quast et al., 2013) using the BLAST algorithm
(Camacho et al, 2009) with a <97% cutoff for unassigned
This 11,620 ASVs
represented by with
3,813 ASVs represented by approximately eight million reads

are unique representative  sequences,  were

sequences. procedure resulted in

approximately 15 million reads
assigned to eukaryote taxa. The separate entries in the ASV table
for each DNA aliquot were merged into a single entry per sample
using the q2-feature-table plugin. All ASVs were filtered to
remove non-metazoa taxa, vertebrate environmental DNAs,
and all taxa which might be contaminants using the filter-
table method of the q2-taxa plugin.

These filtered ASV's were clustered at 97% using the cluster-
features-de-novo method in the q2-vsearch plugin to account for
the intraspecific variation present in metazoans and to avoid
artificially inflating biodiversity (Bucklin et al.,, 2011; Phillips
et al,, 2019; Brandt et al,, 2020). Clustering produced a table of
operational taxonomic units (OTUs) by sample. The sequences
were aligned using the mafft method (Katoh et al., 2002) and
masked (Lane, 1991) to create a phylogenetic tree with the q2-
fasttree plugin (Price et al., 2010). The OTU table was exported
from the giime format to the biom format for use in R with the
biomformat package (McMurdie and Paulson, 2020). Read
counts were manually converted into incidence per sample.
Throughout this manuscript the term “incidence” refers to the
presence of an OTU in a sample. If only one OTU is considered,
incidence represents the number of samples in which the OTU
was detected. For a group of OTUs incidence is the sum of the
number of times the OTUs were detected in the dataset.
Incidences were preferred over read counts because read
counts are only weakly correlated to biomass or the number
of individuals in multicellular metazoa (Egge et al., 2013).

The method rarecurve in the R package vegan (Oksanen
et al, 2018) was used to generate alpha rarefaction curves
featuring OTU richness plotted against sequencing depth for
each sample. Additional sample and coverage-based rarefaction
curves were generated in the R package iNEXT (Hsich et al,
2016) using three metrics to measure effective diversity,
i.e., richness, the exponential of Shannon’s entropy index, and
the inverse of Simpson’s index. Effective diversity is the number
of equally abundant OTUs required to reach the value of the
metric at the number of samples or estimated coverage.

Diversity profiles were calculated with the R package SpadeR
(Chao and Jost 2012; Chao et al., 2015) using the OTU incidence
table. The diversity profile consisted of observed total incidences,
total richness, coverage estimate, estimated coefficient of
variation, incidences, and total OTUs for both the frequent
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(in >10 samples) and infrequent groups (in <10 samples) of
OTUs. The coverage estimate is a measure of sampling
completeness, which estimates the percentage of the actual
community present in the environment that the sampling
captured. The coefficient of variation is the measure of
heterogeneity in the dataset. Richness values for the actual
community were estimated using the homogenous model, the
Chao2 model, the iChao2 model, and the incidence-based
coverage estimator (ICE) model. The homogenous model
estimates richness as though all OTUs have an equal chance
of being detected. The Chao2 model uses OTUs detected in only
The
iChao2 model uses the OTUs detected in four or less samples

one or two samples to estimate actual richness.
to estimate actual richness and is less biased than the
Chao2 model for more heterogeneous datasets. The ICE
model uses the infrequent group of OTUs to estimate OTUs,
and is an incidence based version of the abundance-based
coverage estimator (Chao and Lee, 1992).

Taxonomically assigned OTUs were manually checked using
the BLAST + algorithm against the NCBI GenBank database
(Benson et al, 2011). All OTUs were given additional
assignments based on the top BLAST hit, sorted by E-value
and taxonomic strings were checked for accuracy against the
World Register of Marine Species database (Horton et al., 2022).
Taxa bar plots for each salinity zone were created using the OTU
incidence table in the R package ggplot2.

Alpha-diversity, i.e., diversity within samples, was calculated
the incidence-based OTU and Faith’s
Phylogenetic Diversity (PD) measures in the q2-alpha plugin.
The OTU richness is the number of OTUs in a sample, while the
Faith’s PD value is the total branch length of the phylogenetic tree
of all OTUs within a sample (Faith, 1992). Both values were used
to create boxplots in the ggplot2 package in R and tested for

using richness

differences across the salinity zones, bays, and distances from the
marsh edge using a Kruskal-Wallis procedure in the q2-diversity
plugin (Kruskal and Wallis, 1952).

For calculating Beta-diversity, i.e., diversity among groups of
samples, a distance matrix of Serensen index values for each pair
of samples in the dataset was created using the q2-diversity
plugin (Sorensen, 1948). This index was chosen because it uses
the composition of samples, rather than read counts, which
avoids the issue of individual numbers not corresponding to
read counts in metazoan taxa. The distance matrix was then
tested using the Adonis procedure in the q2-diversity plugin,
with the formula “salinity zone * bay * distance from marsh edge”
and 10,000 permutations. The Adonis procedure is a
multifactorial PERMANOVA test, which uses the sum of
squares of the distances between centroids of groups of
samples belonging to each factor and the overall centroid to
calculate F-ratios and permutations of observations to determine
significant differences. An assumption of the PERMANOVA test
is that all groups have similar spread in the multivariate space. A
PERMDISP test was used to determine the spread of these

Frontiers in Environmental Science

05

10.3389/fenvs.2022.950527

groups. Following all tests, p-values were corrected to account
for the false discovery rate using the p.adjust function in the stats
package in R (Benjamini and Hochberg, 1995). Beta-diversity,
i.e, dispersion and differentiation of the metazoan composition
of the samples from the different salinity zones, bays, and the
distances from marsh edge, was visualized using Non-metric
MultiDimensional Scaling (NMDS) ordination using the
Serensen index in the metaMDS method in the R package
vegan (Oksanen et al, 2018). The ordination was plotted
using the R package ggordiplot, available at https://github.
com/jfq3/ggordiplots (Quensen, 2020).

Results

Sequence depth-, sample-, and coverage-
based rarefaction of metazoan
communities

Only the groups Metazoa, Fungi, and Archaeplastida were
present in all samples with the majority of reads in most samples
belonging to the Metazoa (Supplementary Figure S1). Metazoa
also had the highest rate of clear taxonomic assignments
(Supplementary Table S1). Therefore, the dataset was filtered
for non-vertebrate Metazoa (893 ASVs with approximately four
million reads). After clustering of ASVs, which were more than
97% similar, to control for intraspecific variation, the final total
number of OTUs was 312.

Rarefaction curves of OTU richness versus sequencing depth
for all samples leveled off, indicating that sufficient sampling
depth was achieved for all samples to collect all metazoan OTUs
present (Figure 1). In addition, though a wide range of both
richness and sampling depth was detected, higher sequencing
depth did not lead to higher OTU richness.

Sample-based rarefaction curves for groups of samples from
each salinity zone began to level off at actual sample sizes, but the
extrapolated portions of the richness curves continued to
increase with additional samples (Figure 2). The curves for
the effective diversity of the Shannon and Simpson Inverse
indices barely increased, which indicates that all common
OTUs within the actual metazoan community were collected
(Figure 2). Sample-based rarefaction curves for the different bays
and distances from the marsh edge also showed sufficient capture
of common OTUs (Supplementary Figure S3).

Coverage-based rarefaction curves confirmed that the
current number of samples collected represented the majority
of OTU richness in the actual metazoan community for each
salinity zone (92%-94% coverage, Figure 2), bay (94%,
Supplementary Figure S3) and distance from the marsh edge
(90%, Supplementary Figure S3), which is consistent with a high
Coverage Estimate for the entire data set (96.7%, Supplementary
Table S2). However, the dataset was heterogeneous with a high
Coefficient of Variation (1.4, Supplementary Table S2). Only
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FIGURE 1

Alpha rarefaction curves show the number of OTUs detected in each sample when randomly sampling sequences at each given sequencing

depth.

88 of the 312 OTUs were present in more than 10 samples but
they represented the majority of the incidences (2,345 of the
2,993 incidences, Supplementary Table S2). The observed OTU
richness (312) represented at least 58% (535 OTUs at the upper
bound of the Chao2 model) to 92% (339 OTUs at the lower
bound of the Homogenous Model, Supplementary Figure 54) of
the total estimated metazoan OTU richness.

Alpha-diversity of the saltmarsh metazoan
community

The OTU richness was significantly higher in samples from
the low salinity zone than in those from the mid salinity zone
[Kruskal-Wallis pairwise test, X2(2) = 9.16, Benjamini Hochberg
corrected p < 0.01], but samples from the high salinity zone did
not differ in terms of metazoan richness from the other salinity
zones (Figure 3). No significant differences in OTU richness were
detected for samples collected from different bays or distances
from the marsh edge or interaction of the three factors. Values for
the Faith’s Phylogenetic Diversity metric showed no significant
differences for any factor or interaction of factors. Since Faith’s
PD was not significantly different across the three salinity zones
(Kruskal-Wallis test, p = 0.35) the elevated richness in low
salinity samples was not caused by the addition of widely
phylogenetically different taxa.
21
(Supplementary Table S3) and OTU richness only produced

Correlation  between soil chemistry variables
significant results for carbon and nitrogen percentage, which
were both positively correlated with metazoan richness (p =

0.015 and 0.011, Spearman rank). Faith’s PD was not
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significantly correlated with any of the soil chemistry
variables (p > 0.05).

Beta-diversity of metazoans from different
bays, salinity zones, and distance from the
marsh edge

Similarity among metazoan communities measured by the
number of shared OTUs and Serensen index values was lowest
among salinity zones, followed by similarity between bays and
among distances from marsh edge (Supplementary Table 54).
Pairwise Serensen index values indicated that the low and high
salinity zone communities had the lowest similarity of any pair of
the salinity zone communities because they shared the lowest
number of OTUs (Supplementary Table S4).

All factors (salinity zone, bay, and distance from marsh edge)
and all factor interactions had significant effects on the
differentiation of metazoan composition of samples in the
dataset (Adonis test with Benjamini-Hochberg correction,
Table 1). Salinity accounted for more variation in the dataset
than any other factor or interaction (20%, Table 1). Distance
from the marsh edge and bay explained only 7% and 6% of
variation, respectively. Nevertheless, the significant interactions
indicate that the effect of salinity also depend on those minor
factors.

Since significant differences in dispersion had been
observed for salinity and bay (PERMDISP, Benjamini-
Hochberg corrected p < 0.05), differences detected by
Adonis within these factors may be a combination of
differences in the multivariate spread of the groups and
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Sample-(top) and coverage-based (bottom) rarefaction curves for the metazoan community from marsh soil of three salinity zones (low, mid,
and high salinity) calculated with three metrics of effective diversity (Richness, Shannon, and Simpson inverse indices). Extrapolation extended out to
twice the number of samples. The shaded area around each curve represents the 95% confidence interval.

differences in the location of the groups in the multivariate
space. To visualize contributions of the three factors in terms of
spread and differentiation between groups in the multivariate
space, we employed NMDS scaling (Figure 4). Plotting the Beta-
diversity among samples from different salinity zones showed a
distinct separation of samples from the low and high salinity
zones, with samples from the mid salinity zone falling roughly
between them (Figure 4 top). Samples from the mid salinity
zone showed larger dispersion than the samples from the high
and low salinity zones (pairwise PERMDISP, Benjamini
Hochberg corrected p < 0.05). The large spread of samples
in the mid salinity zone was mainly caused by samples from
Caillou Bay which had significantly different multivariate
spread from all other groups (pairwise PERMDISP, p < 0.05,
Figure 4 bottom). Distance from the marsh edge showed no
particular pattern (Rayle 2021).
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Taxonomic assignment of metazoan
infauna in Louisiana marshes

Each sample contained between 5 and 10 phyla. Nematodes,
arthropods, and annelids were present in all samples (Figure 5).
The phylum Nematoda made up the largest percentage of the
312 OTUs and the 2,993 total incidences (Supplementary Figure
S5), followed by Arthropoda, Annelida, and Platyhelminthes.
Platyhelminthes, rotifers, and mollusks were present in nearly all
samples. Members of the phyla Nemertea, Tardigrada,
Xenacoelomorpha, and Calcinea were rarely detected in
samples (Figure 5; Supplementary Table S5).

The most common OTU in the dataset was assigned to the
rotifer Octotrocha speciosa (detected in 99% of samples), followed by
an OTU assigned to the arthropod Chrysops flavidus (deer fly in 96%

of samples) and one assigned to the nematode Spirinia parasitifera
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FIGURE 3
Boxplots of metazoan OTU richness (top) and Faith’'s PD values (bottom), divided by bay, salinity zone, and distance from marsh edge.

TABLE 1 Adonis test results for differentiation of metazoan communities among samples from different bays (Caillou and Barataria), distances from
the marsh edge (0, 1, 5, and 10 m) and salinity zones (low, mid, and high). All p-values remained significant after the Benjamini-Hochberg
correction.

Factor Df SumOfSqs R2 F Pr(>F)
Bay 1 0.8142 0.0599 7.6024 0.0001
Distance from marsh edge 3 0.9711 0.0714 3.0225 0.0001
Salinity zone 2 2.7142 0.1997 12.6720 0.0001
Bay:Distance 3 0.5914 0.0435 1.8407 0.0033
Bay:Salinity 2 11212 0.0825 52345 0.0001
Distance:Salinity 6 1.0878 0.0800 1.6930 0.0006
Bay:Distance:Salinity 6 1.1527 0.0848 1.7940 0.0006
Residual 48 5.1405 0.3782

Total 71 13.5929 1.0000
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distances.

(94% of samples, Supplementary Table S5). The frequent group
(in >10 samples) consisted of 88 OTUs. The frequent group
included 38 nematode OTUs of the orders Enoplida (9 OTUs),
Monhysterida (8 OTUs), Tylenchida (7 OTUs), Chromadorida
(4 OTUs) and Dorylamida (4 OTUs), Desmodorida (2 OTUs),
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Plot of the first two dimensions of the NMDS ordination of the Serensen distance matrix, with salinity zones (top) and from each bay (bottom).
Dots represent the metazoan composition of individual samples. Solid ellipses represent the elliptical hulls of the groups. Solid, straight lines connect
a sample to the group centroid. Stress denotes the goodness of fit of the regression of the original distance matrix values against the ordination
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Plectida (2 OTUs), Areolamida (1 OTU), and Rhabditida (1 OTU,
Supplementary Table S5). The frequent group also contained
19 Arthropoda OTUs of which nine OTUs belonged to the
crustacean orders Podocopida, Harpacticoida, Decapoda, and
Tanaidacea, five OTUs belonged to the insect order Diptera, four
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Taxa bar plots of the 72 samples collected from the three salinity zones of Barataria and Caillou Bays during July 2018. Each colored section
represents the relative proportion of OTU incidences belonging to different phyla within that sample. Phyla are sorted within each bar by the overall
highest to lowest relative percentage (from top to bottom). For the x axis, samples are labelled as B (Barataria) or C (Caillou), and Low, Mid, and High
for the salinity zones. The number following the salinity zone designation indicates the distance from the edge of the marsh, designated as 0, 1,

5, or 10 m, followed by the transect replicate number.

to the Collembola, and one OTU belonged to the Acari
(Supplementary Table S5). Of the 12 frequently detected annelid
OTUs, half were assigned as the oligochaete order Haplotaxida the
other half were polychaetes. Three Haplotaxida OTUs belonged to
the family Naididae, including the most commonly detected annelid
OTU in the dataset assigned to the species Monopylephorus
rubroniveus (Naididae) and detected in 88% of samples. The
remaining Haplotaxida OTUs were all assigned to members of
the genus Marionina. Three polychaete OTUs of the order Spionida
each were assigned to members of various genera in the family
Spionidae, while the three Phyllodocida OTUs were assigned to the
family Nereididae. The seven Platyhelminthes OTUs of the frequent
group were mostly assigned to the order Rhabdocoela (5 OTUs),
with one OTU assigned to the order Macrostomida and one
assigned to the class Catenulida. In addition, top GenBank
matches identified an ambiguous OTU as another member of
the Macrostomida, Macrostomum lignano, which appeared in
63% of samples. Both OTUs of the Gastrotricha frequent group
were assigned to the order Chaetonotida. The three frequently
detected mollusk OTUs were members of the sea snails (orders
Littorinimorpha and Caenogastropoda) and bivalves (Veneroida),
the two Bryozoa OTUs were assigned to the orders Ctenostomatida
and Plumatellida and the two Rotifera OTUs were assigned to the
orders Flosculariaceae and Ploimida. The only hydrozoan in the
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frequent group was assigned to the order Limnomedusae, while the
only kinorhynch OTU was assigned to the order Cyclorhagida
(Echinoderes sp.). Assignments of OTUs from the infrequent
group are also listed in Supplementary Table S5.

Taxa unique to salinity zones

Overall, metazoan DNA samples showed higher taxa richness
and incidence in low salinity compared to mid salinity zones;
however, samples from high salinity zones had high values
similar to low salinity (Supplementary Table S5). The Nematoda
and Mollusca were fairly equally distributed across salinity zones
(Supplementary Table S5). Gastrotricha, Bryozoa, Platyhelminthes,
and Rotifera were more prevalent in the low salinity zone (61%, 48%,
41%, and 41% of incidences, respectively) than in the other two
salinity zones. Kinorhyncha (Echinoderes sp.) were never detected in
the low salinity zone and were more commonly detected in the high
(68% of incidences) than in the mid salinity zone (32%).

While most Arthropoda were detected in low salinity, insect
diversity was U-shaped across the salinity zones with lower detection
in mid salinity (97 incidences of 20 OTUs in 12 families) when
compared to the low (106 incidences of 25 OTUs in 16 families) and
high salinity zones (106 incidences of 24 OTUs in 15 families,
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Supplementary Table S5). Fifty-five percent of the insect OTUs
detected were unique to a single salinity zone with most of them
being unique in the low salinity zone. However, there were five
Diptera OTUs of gall midges (Cecidomyiidae) and tabanids
(Chrysops and Tabanus spp.) in the frequent group that were
common among all salinity zones. These and several other OTUs
were assigned to species known from Louisiana marshes, including
Cedusa obscura (Derbidae) and biting midges (Culicoides,
Similarly, the
frequency of detection of the Annelida, across salinity zones was

Cerapogonidae)  (Supplementary Table  S5).
U-shaped with lower numbers of annelid incidence (26%) in the mid
salinity zone compared to low and high salinity zones (~37% of total
annelid incidence).

Many of the OTUs (113) were either unique to one of the
salinity zones or were absent from one of the salinity zones

10.3389/fenvs.2022.950527

(Supplementary Table S5). Twenty-three of the unique OTUs
belonged to the frequent group (in >10 samples) and included
nematodes, platyhelminths, annelids, arthropods, gastrotrichs,
and kinorhynchs (Table 2). Two nematodes (assigned as E.
filiformis and Prismatolaimus sp.) and one platyhelminth
OTU (assigned as R. simplex) were unique to the low salinity
zone. One gastrotrich (C. novenarius) was detected 15 times in
the low salinity zone samples but was absent in mid salinity and
only detected once in high salinity (Supplementary Table S5). A
second Prismatolaimus sp. OTU, Anoplostoma sp., and
Prodorylaimus sp. of the Nematoda, two annelids (assigned as
M. southerni and D. aestuarina), four arthropods (Collembola
assigned as ambiguous taxa and Cryptopygus sverdrupi as well as
ostracods of the Cyprididae and Cypria sp.) and the
platyhelminth assigned as O. truncula were present in low and

TABLE 2 Frequent OTUs with unique incidences in samples from different salinity zones. OTUs listed were not detected in at least one of the salinity
zones (L = Low, M = Mid, H = High), and were detected at least twice in one or two salinity zones. No frequent OTUs were unique for mid or high
salinity. Infrequent OTUs (in <10 samples) are listed in Supplementary Table S6.

Phylum Order Incidence  Lowest SILVA assignment  Top GenBank match L M H
Unique to L
Nematoda Enoplida 16 Triplonchida; Ambiguous_taxa Prismatolaimus sp. MCb6 16 0 0
Nematoda Monbhysterida 11 E. filiformis E. filiformis strain 11 0 0
Platyhelminthes — 11 R. simplex R. simplex isolate KO5_04 11 0 0
Unique to L + M
Annelida Haplotaxida 13 M. southerni Marionina nothachaeta clone LM225 9 4 0
Annelida Phyllodocida 11 D. aestuarina D. aestuarina 10 1 0
Arthropoda Podocopida 15 Cyprididae gen sp. Mexico Cypridopsis sp. Cal isolate CYD_SMA1 10 5 0
Arthropoda — 13 Collembola; Ambiguous_taxa Dicyrtomidae sp. R3 8 5 0
Arthropoda Entomobryomorpha 14 C. sverdrupi Isotoma viridis isolate 6Glal_JC448 10 4 0
Arthropoda Podocopida 12 Cypria sp. QY-2003 Physocypria cf. biwaensis 32 IK-2017 9 3 0
Nematoda Enoplida 22 Triplonchida; Ambiguous_taxa Prismatolaimus sp. MCb2 18 4 0
Nematoda Enoplida 19 Anoplostoma sp. 1093 Anoplostoma sp. 1093 10 9 0
Nematoda Dorylaimida 12 Prodorylaimus sp. HHBM-2007a Prodorylaimus sp. HHBM-2007a 10 2 0
Platyhelminthes Rhabdocoela 18 O. truncula O. truncula 12 6 0
Unique to L + H
Gastrotricha Chaetonotida 16 Chaetonotus cf novenarius TK151 Haltidytes pseudosquamosus voucher HA1 15 0 1
Unique to M + H
Annelida Phyllodocida 14 A. succinea A. succinea isolate AlSu-02 0 1 13
Annelida Phyllodocida 11 N. jaya Namalycastis abiuma isolate naal85 0 6 5
Kinorhyncha — 24 Cyclorhagida; Ambiguous_taxa Echinoderes sp. MVS2014 0 8 16
Nematoda Tylenchida 20 M. spartinae M. spartinae 0 2 18
Nematoda Desmodorida 19 Prochaetosoma sp. 3 HSR-2009 Prochaetosoma sp. OK-2015 isolate t2 0 1 18
Nematoda Enoplida 15 Halalaimus sp. 1034 Halalaimus sp. 1034 0 6 9
Nematoda Chromadorida 13 Dichromadora sp. 2 JH-2014 Cf. Dichromadora sp. 2 JH-2014 0 7 6
Platyhelminthes Macrostomida 15 M. kepneri M. kepneri voucher MTP LS 285 0 5 10
Platyhelminthes Rhabdocoela 13 M. terminostylis Itaipusa sinensis isolate YTP3 0 4 9
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mid but absent from high salinity (Table 2). In contrast, two
frequent group members of the annelids (A. succinea and N.
jaya), a kinorhynch (assigned as an ambiguous Cyclorhagida),
four nematodes (Meloidogyne spartinae, Prochaetosoma sp.,
Sp.s sp.),
platyhelminths (assigned as M. kepneri and M. terminostylis)

Halalaimus and  Dichromadora and  two
were present in both the mid and high but not low salinity zones.
Rare OTUs unique to salinity zones, including the polychaete
Manayunkia aestuarina, are listed in Supplementary Table Sé.

Annelid (e.g. Marionina spp.) and mollusk OTUs were much
more commonly detected in samples from Barataria Bay, while
gastrotrichs, platyhelminths and kinorhynchs (e.g., Echinoderes
sp.) were more commonly detected in the Caillou Bay samples
Table S5).  Annelids,

hydrozoans more frequently detected at the marsh edge and

(Supplementary gastrotrichs, and
at 1 m from the marsh edge while mollusks and nematodes were
more common in the samples 1 m from marsh edge than further
inland (Supplementary Table S5). None of the frequent group
OTUs were uniquely found at a certain bay or distance from the
marsh edge. Incidences of frequent and rare OTUs for each bay
and distance in addition to salinity zone, are listed in

Supplementary Tables S5, S7.

Discussion

Coastal marsh ecosystems, especially within Louisiana, are at
risk due to numerous natural and anthropogenic environmental
stressors (Yuill et al, 2009; Wong et al, 2010; Lin and
Mendelssohn 2012; Kirwan et al, 2016). Assessment of the
impact of these stressors on marsh communities and habitat
remediation via restoration projects must take changes in salinity
levels and resulting shifts in marsh communities into account.
Therefore, detailed inventories of organisms relative to salinity
zones are needed as baselines to measure impacts of
environmental changes on marsh community health.

Soil meiofauna and macrofauna (collectively, infauna) have
been studied for decades in Louisiana’s coastal marshes and
inventories based on morphological classification are relatively
complete for major taxa (Fleeger, 1985; Fleeger et al, 2015;

2018; 2019).
identification is to underestimate

Fleeger et al, Fleeger et al, However,

likely
meiofaunal diversity (Gielings et al, 2021) and only few

morphological

studies included eukaryote metabarcoding to describe infauna
diversity in Louisiana’s tidal marshes (Husseneder et al., 2022).
Moreover, species inventories of Louisiana’s tidal marshes lack
detailed metadata concerning salinity, which is expected to be
one of the major factors changing due to sea level rise and
freshwater diversions (Das et al., 2012). This project was designed
to provide baselines of metazoan biodiversity based on
meiofauna and environmental DNA across salinity zones to
monitor changes in marsh habitat primarily due to salinity
changes with saltwater intrusion or freshwater influx when the
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planned Mid-Barataria Sediment Diversion commences (Coastal
Protection and Restoration Authority of Louisiana, 2007; Coastal
Protection and Restoration Authority of Louisiana, 2012; Coastal
Protection and Restoration Authority of Louisiana, 2017;
Peyronnin et al., 2013). Freshwater flow has been shown to
drastically change meiofauna populations (Montagna and
Kalke 1992; Montagna et al., 2002).

In summary, our study showed that salinity, but not bay or
distance from the marsh edge significantly impacted metazoan
Alpha-diversity within samples. Salinity was also a major factor
accounting for 20% of the variation in community composition
among samples, with many frequent OTUs being uniquely
present or absent in salinity zones. Bay and distance from the
marsh edge as well as interactions among the factors only had
minor impacts on community differentiation (all <8%).

Differences in metazoan communities among bays might be
driven by differences in the plant communities between the bays.
For example, Marionina spp. (Annelida), which are likely
associated with Spartina stems (Healy and Walters, 1994),
were more common in the Barataria Bay, which had more
Spartina ground cover than Caillou Bay (Aker, 2020). Long-
term impacts of the Deepwater Horizon oil spill might also
explain some differences between bays. Taxa with slow
recovery due to poor
kinorynchs (Fleeger et al, 2018; Fleeger et al, 2019), might
still endure reduced abundance in Barataria Bay, which had

dispersal activity including the

been more heavily impacted by the Deepwater Horizon oil spill
than Caillou Bay (Michel et al., 2013). Kinorhyncha detected by
metabarcoding made up less than 1% of the total OTUs and were
assigned as Echinoderes sp. Echinoderes were an indicator for oil
pollution, since they were absent from the heavily oiled marsh
sites following the Deepwater Horizon oil spill (Fleeger et al,
2015; Fleeger et al., 2018). Even though our sites were not oiled,
area wide population reduction for some species has been
observed even at sites not directly oiled (Husseneder et al., 2022).

Previous studies reported distance effects with higher
invertebrate densities near the marsh-water interface due to
larval recruitment and food deposited by inundation (Kneib,
1984; MacKenzie et al., 2015) and clear differentiation of benthos
communities across marsh zones from the tidal flats landward to
the pioneer zone, low marsh and high marsh (MacKenzie et al,
2015; van Regteren et al., 2020). Dominance of annelids and
mollusks in the pioneer zone and tidal flats reported by van
Regentren et al. (2020) supports the higher frequency of
detection of these phyla at our sample sites close to the marsh
edge. In contrast, MacKenzie et al. (2015) found higher species
richness in the high marsh compared to low marsh but this was
due to sampling across larger distances and elevations compared
to our study. Overall, distance effects were much less pronounced
in our metabarcoding study and none of the frequently detected
OTUs were uniquely present or absent at a certain distance. Our
study used much shorter transects, which explains why less
community differentiation was detected compared to other
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studies across marsh zones. Moreover, with the low elevation
gain of Louisiana marshes even our sites furthest from the marsh
edge (10 m) received frequent inundation.

Similar to our study, salinity was a major explanatory variable of
benthic macro- and meiofauna community variation in previous
studies. Generally, macro- and meiofauna diversity increases with
higher salinity along marine salinity gradients (Broman et al, 2019).
Studies in saltmarshes of the East coast and estuaries of the Texas
Gulf coast found weak correlations of salinity to observed soil
invertebrate communities (MacKenzie et al., 2015; Van Diggelen
and Montagna, 2016). However, in our metabarcoding study, the
relationship of overall metazoan diversity and salinity was U-shaped
with the lowest values in mid salinity zones. In particular, insects and
annelids had the lowest detection frequency in mid salinity. This
pattern has been observed frequently in estuarine systems (Deaton
and Greenberg, 1986).The mid salinity zone in our study averaged
approximately 8.5 ppt, which is close to the “Artenminimum” zone
between 5 and 8 ppt where overall species numbers are lowest in
estuaries and bodies of brackish water but numbers of brackish
water species are highest (Remane, 1931; Deaton and Greenberg,
1986). The low species diversity in the mid salinity zone has been
hypothesized to occur because speciation rates in dilute brackish
environments are lower than for freshwater and marine species and
few animals acquire successful physiological adaptations to tolerate
the range of conditions in this habitat (Deaton and Greenberg,
1986).

In traditional studies of tidal marsh fauna, nematodes are
typically among the most abundant non-insect invertebrate group
(Bell, 1979; Fleeger, 1985; Alves et al., 2013; MacKenzie et al,,
2015), which was consistent with nematodes being the most
frequently detected group in our study. Nematodes are known
for their ability to tolerate extreme environmental conditions
(Zeppilli et al, 2018). Previous studies showed a positive
correlation of nematode diversity or abundance with salinity
gradients of intertidal rivers and the Baltic Sea (Tran et al,
2018; Broman et al, 2019). However, no such relationship was
detected with our incidence data across similar salinity ranges. The
most frequently detected nematode, S. parasitifera a marine
microbivore in the family Desmodoridae also commonly found
in European estuaries (Soetaert et al.,, 1995; Hodda, 2011), was
detected across all three salinity zones. Five nematode OTUs of the
frequent group were never detected in samples from the high
salinity zone: E. filiformis, two Prismatolaimus sp. OTUs,
Anoplostoma sp., and Prodorylaimus sp. We predict that
salinity reduction following the opening of the Mid-Barataria
freshwater diversion will lead to range expansion of these
OTUs into formerly high salinity areas. The opposite is
expected for taxa predominantly found in high salinity, such as
the plant-parasitic root-knot nematode M. spartinae (Plantard
et al,, 2007) and an OTU of the genus Prochaetosoma, which
contains nematode species known from sub-tidal zones (Rho et al.,
2010). Notably, some nematodes can survive in hypersaline zones
with salinities higher than seawater (Zeppilli et al., 2018).
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Arthropoda were the second most abundant group in the
dataset after the nematodes. Similar to the nematode distribution,
arthropod incidences were approximately evenly distributed
across the different bays and distances from marsh edges, but
Arthropods were more commonly detected in the low salinity
zone than in the mid and high salinity zone. This was mainly
caused by non-insect arthropods. Frequently detected non-insect
arthropods that were possible bioindicators for low salinity
included Collembola assigned as ambiguous taxa and C.
sverdrupi as well as ostracods of the Cyprididae and Cypria sp.

Insects are typically among the most common organisms in
the low and high marsh (MacKenzie et al., 2015; van Regteren
et al,, 2020). To confirm taxonomic assignments of the insect
OTUs and compare incidences to organismal abundance, we
compared our data to those of Aker (2020), who conducted a
year-long sampling of insects (2018-2019) using sweep net
techniques at the same sites and salinity zones as sampled in
this study. While insect abundance cannot be directly compared
between metabarcoding and sweep net collection studies due to
differences in sampling strategy and data representation, broader
insect community comparisons can be made. Aker’s studies
found that insect abundance increased dramatically with
salinity while insect family-level biodiversity decreased as
salinity increased, which mirrored the decrease in plant
species. In contrast, the DNA-based incidences and number of
insect OTUs and families was U-shaped across salinity zones
with slightly lower numbers detected at the mid salinity zone and
high salinity zones.

Over half of the insect OTUs detected were unique to a single
salinity zone. Being unique for a salinity zone alone could not
unequivocally identify these insect OTUs as salinity bioindicators
due to their low detection rate; however, closely related species
have been confirmed independently as salinity bioindicators
(Aker, 2020). Ischnura ramburii (Coenagrionidae, Odonata)
and C. obscura (Derbidae, Hemiptera) were identified as
bioindicators of low salinity by Aker (2020). Therefore, the
metabarcoded OTUs from the families Derbidae (C. obscura)
likely
bioindicators of low-salinity insect communities because they

and Coenagrionidae (ambiguous taxa) represent
were detected at the low salinity sites within a month of their peak
abundances described by Aker (2020). Biting midges of the genus
Culicoides (Ceratopogonidae) are abundant in marshes along the
Atlantic (Kneib, 1984; MacKenzie et al., 2015) and Gulf coast
(Aker, 2020). The Culicoides OTU detected predominantly in
mid and high salinity zones is likely the highly abundant high
salinity bioindicator identified in Aker’s studies, Culicoides
mississippiensis.

Fly larvae are common in saltmarsh macrofaunal samples but
are typically rare in meiofauna assemblages (Kneib, 1984). In our
Diptera OTUs to gall

(Cecidomyiidae) and tabanids (Chrysops and Tabanus spp.)

study, five belonging midges

were common among all salinity zones. Gall midges of salt

marsh succulents have been described from Australia
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(Veenstra-Quah et al., 2007), but were not found in Aker’s sweep
net surveys because larvae are found in plant tissue and
dispersing adults might only be present for a limited time.
The detection rate of tabanids across samples and their wide
distribution across salinity zones is remarkable and supports the
prevalence of tabanid larvae in salt marsh sediment where they
are top invertebrate predators (Kneib, 1984; Husseneder et al.,
2022). All tabanid OT'Us belonged to the known estuarine species
of Tabanidae (Tabanus nigrovittatus, T. acutus, T. hinellus, and
C. flavidus) collected from the same coastal sites by Aker (2020)
with sweep nets and Davis (2022) using tabanid targeted trap
techniques (Hribar et al, 1991). Tabanus nigrovittatus is the
saltmarsh greenhead horse fly that showed severe population
crashes after the Deepwater Horizon oil spill and is thus regarded
as a bioindicator of oil pollution (Husseneder et al., 20165
Husseneder et al, 2018; Husseneder et al., 2022). Although
direct comparison of the different detection methods is
difficult, the
represent complementary aspects of the marsh community.

sweep net and metabarcoding inventories

The advantage of the use of metabarcoding over traditional
insect surveys by collection is that insect taxa can be
monitored without the need for catching and identifying
intact organisms. This makes metabarcoding especially useful
for high throughput detection of insects including those living in
inaccessible niches or outside of the daily or annual activity
period.

Similar to the insects, the frequency of detection of the
third most numerous group, i.e., the Annelida, across salinity
zones was also U-shaped with lower numbers of annelid
incidence in the mid salinity zone compared to low and
high salinity zones. The annelid species M. southerni and
D. aestuarina were never detected in the high salinity zone
samples and are likely low salinity bioindicators. The
organisms that these OTUs represent may experience range
expansions associated with decreased salinity resulting from
the future Mid Barataria freshwater diversion. The polychaete
M. aestuarina, which is commonly represented among both
macrofauna and meiofauna in marshes of the Southeastern
U.S. (Bell, 1979; Kneib, 1984) and is
bioindicator species for the impact of oil spills (Fleeger
et al,, 2015; Fleeger et al,, 2018) was detected in the high
salinity zone but in rare incidences. Polychaetes typically show

a well-known

the highest abundance in the tidal flats with higher soil salinity
and moisture than the low marsh where oligochaetes have
their peak abundance (MacKenzie et al., 2015; van Regteren
etal, 2020). The limited detection of Manayunkia is likely due
to the processing of the samples, since this species was among
the most frequent OTUs in unprocessed soil at three marsh
islands in Barataria Bay surrounding Bay Jimmy while in
samples sieved for meiofauna it belonged to the infrequent
group (Rayle, 2021).

The Platyhelminthes were the fourth most commonly
detected and numerous group of OTUs. The Platyhelminthes
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are not commonly detected or reported in traditional studies of
meiofauna (Fleeger et al., 2018), presumably since traditional
sampling and extraction methodology destroys the soft bodied
members of the meiofauna such as the Platyhelminthes (Carugati
et al, 2015). However, they are abundantly represented in
environmental DNA studies (Fonseca et al., 2010). Detection
frequency of platyhelminths decreased with increasing salinity.
Two Platyhelminthes (O. truncula and R. simplex) were never
detected in the high salinity zone and, thus, are likely indicators
of reduced salinity, which might be able to expand into the areas
currently designated as high salinity when the Mid-Barataria
freshwater diversion opens. In contrast, two members of the
genus Macrostomum were never detected in the low salinity
zone and are, thus, potential candidates for indicators of
The
acclimation of intertidal infauna has been studied in the

saltwater intrusion. remarkable ability of saline
model M. lignano, which was the most abundant flatworm
OTU in our study. Macrostomum was able to survive in high
salinity through upregulation of antioxidant enzymes to
combat oxidative stress from increased respiration rates to
meet the energy demand for osmoregulation (Rivera-
Ingraham et al., 2016). In low salinity M. lignano decreased
respiration and activity in a hyposmotically induced metabolic
shutdown similar to that in other intertidal invertebrates like
the marsh periwinkle snail.

The Gastrotricha were the fifth most numerous but the seventh
most commonly detected group and were more prevalent in the low
salinity zone than in the other two salinity zones. Specifically, the
OTU assigned as C. novenarius can be considered as a low salinity
bioindicator which might experience a range expansion with
The
numerous group of OTUs and the fifth most commonly
detected. Most of the

southeastern US saltmarshes are large and are only represented

freshwater diversions. Mollusca were the sixth most

conspicuous mollusk species in
by traces of their environmental DNA in our data (Kneib, 1984).
Most mollusk OTUs were roughly evenly distributed across salinity
zones. Kinorhyncha (Echinoderes sp.) were never detected in the low
salinity zone and were most prevalent in the high salinity zone.
Kinorhynchs of the genus Echinoderes are believed to have special
osmoregulatory adaptations provided by an enlarged nephridial
sieve plate that enables them to tolerate salinity fluctuations and
hypersaline conditions (Zeppilli et al., 2018). Therefore, increasing
kinorhynch populations may be an early indicator of high salinity
through saltwater intrusion.

This metabarcoding study provided a comparison of
compositional inventories and diversity of soil organisms
among salinity zones in Louisiana tidal marshes based on
sequence data from metazoan meiofauna and environmental
DNA. The advantage of the use of metabarcoding over
traditional surveys by collection is that taxa can be monitored
based on their DNA without the need for having intact organisms,
keys and for

expertise time-consuming morphologically

identification. This makes metabarcoding especially useful for
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high throughput detection of diversity including taxa that are not
well described or difficult to collect because they are small, fragile,
cryptic or inactive during the collection period (Gielings et al.,
2021). However, the disadvantage is that it is unknown how long
environmental DNA can be detected in the absence of living
organisms (Harrison et al, 2019; Sakata et al, 2020), which
might create background noise for monitoring current state and
functional changes in ecosystems. In addition, number of sequence
reads correlates only weakly with organism numbers or biomass
(Egge et al, 2013) in multicellular organisms, so population
abundance is more accurately determined by collections of
organisms via traditional methods. Ideally, metabarcoding
would not replace traditional sampling methods but rather add
a complementary view of the marsh soil community with
increased sampling depth and diversity detection. In summary,
using environmental DNA we found numerous meiofaunal taxa in
Louisiana salt marshes that are potentially limited in distribution
by specific salinity conditions. These data are not only useful by
providing potential indicator taxa for salinity changes from future
events such as freshwater releases or sea-level rise, but also for
predicting what meiofaunal communities may look like before
these changes occur.
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