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Abstract

In this data paper, we describe environmental DNA (eDNA) cytochrome ¢ oxidase (COI) amplicon sequence data from New York
City’s Bronx River Estuary. As urban systems continue to expand, describing and monitoring their biodiversity is increasingly
important for sustainability. Once polluted and overexploited, New York City’s Bronx River Estuary is undergoing revitalization
and restoration. To investigate and characterize the area’s diversity, we collected and sequenced river sediment and surface water
samples from Hunts Point Riverside and Soundview Parks (n,  ,=48;n . ~=25:n = 23). COI analysis using universal primers
mlCOlintF and jgHCO2198 detected 27,328 Amplicon Sequence Variants (ASVs) from 7,653,541 sequences, and rarefaction curves
reached asymptotes indicating sufficient sampling depth. Of these, eukaryotes represented 9,841 ASVs from 3,562,254 sequences.
At the study sites over the sampling period, community composition varied by substrate (river sediment versus surface water) and
with water temperature, but not pH. The three most common phyla were Bacillariophyta (diatoms), Annelida (segmented worms),
and Ochrophyta (e.g. brown and golden algae). Of the eukaryotic ASVs, we identified 614 (6.2%) to species level, including
several dinoflagellates linked to Harmful Algal Blooms such as Heterocapsa spp., as well as the invasive amphipod Grandidierella
Jjaponica. The analysis detected common bivalves including blue (Mytilus edulis) and ribbed (Geukensia demissa) mussels, as well
as soft-shell clams (Mya arenaria), in addition to Eastern oysters (Crassostrea virginica) that are being reintroduced to the area. Fish
species undergoing restoration such as river herring (4losa pseudoharengus, A. aestivalis) failed to be identified, although relatively
common fish including Atlantic silversides (Menidia menidia), menhaden (Brevoortia tyrannus), striped bass (Morone saxatilis),
and mummichogs (Fundulus heteroclitus) were found. The data highlight the utility of eDNA metabarcoding for analyzing urban
estuarine biodiversity and provide a baseline for future work in the area.
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Introduction

Urbanization is increasingly disrupting ecological layouts
of cities and their surroundings (Alberti 2008; Douglas and
James 2015). Research on urban wildlife can inform strate-
gies to combat related threats such as habitat loss, pollution,

and climate change. Further, invasive species and pathogen
identification can lead to early action, and conservation
planning depends on accurate taxonomic classification.
Despite having one of the world’s largest human
populations and containing several key habitats such
as coastal ecosystems and forests, New York City’s
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wildlife areas remain insufficiently characterized
(Gandy 2003; Sanderson 2009). The Bronx River, which
flows through Westchester County and the Bronx, is
currently considered ‘impaired’. This riparian system
is recovering from decades of abuse and still suffering
from fecal coliform growth, floating debris, and legacy
pollutants such as polychlorinated biphenyls (PCBs),
polycyclic aromatic hydrocarbons (PAHs), and metals in
the sediments. Combined Sewer Overflow (CSO) drains
pump surface run-off and household waste into the river,
increasing microplastics and fecal coliforms (NYSDEC
2020). Several local citizen groups host regular cleanups,
run reclamation and restoration projects towards targeted
species and areas of the river, and educate the public about
its resources (e.g., American eels (Anguilla rostrata),
river herring (Alosa pseudoharengus, A. aestivalis), and
eastern oysters (Crassostrea virginica)).

The Estuary Section of the Bronx River Watershed
(Fig. 1) contains diverse habitats such as wetlands and
streams that face a mix of conservation threats from CSOs
and other pollution (NYCParks 2021). Toxins, pathogens,
and invasive species occur in urban estuaries, and in the
Bronx River several marine and estuarine organisms have
established populations. Green crabs (Carcinus maenas),
Asian shore crabs (Hemigrapsus sanguineus), as well as
harmful algae that can cause blooms, have all been observed
in the river (Fuss and O’Neill 2015). In addition, due to
the proximity to roads, housing, and businesses, pathogens
that affect humans and marine life (e.g. oyster pathogens
Perkinsus marinus and Haplosporidium nelsoni) can be
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problematic. To address these issues, habitat assessment,
plankton and fish sampling, and water quality and benthic
monitoring are in progress (NYCParks 2021). Two key
areas of the lower estuary are Hunts Point Riverside Park,
a previous garbage dump, and Soundview Park, which
borders the estuary and the East River, and is the site of
ongoing restoration projects of oysters and salt marshes
(Grizzle et al. 2012; Kimmelman 2012; Fitzgerald 2013).
To appropriately characterize and manage such a com-
plex and impacted system, biodiversity inventories and
monitoring are key first steps, starting with the correct
identification of organisms. Locally in the Bronx and
around the world, this has traditionally been achieved
through manual surveys requiring organismal capture
and/or collection. While providing important information,
these methods are potentially labor-intensive and costly,
require specific taxonomic expertise, may fail to detect
cryptic, microscopic, or elusive taxa, and could provide
incorrect or incomplete information. Environmental DNA
(eDNA), or DNA sequenced directly from a substrate such
as water, sediment, or air, is a flourishing new, non-inva-
sive, rapid, and standardized technology that addresses
some of these shortcomings and provides extensive ge-
netic information useful for identifying species through
next-generation sequencing (Bik et al. 2012; Bohmann et
al. 2014; Taberlet et al. 2018; Deiner et al. 2021).
Biodiversity characterization and monitoring have
substantially benefitted from the high quality next-gen-
eration bioinformatics pipelines now available to ac-
curately analyze genetic markers with rapidly growing
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Figure 1. Location of the Hunts Point Riverside and Soundview Park study sites in the Bronx River Estuary (New York City, USA).
Samples from each park were collected within 2/10" kilometer. The inset shows the location of the study site (boxed) within the

greater New York City metropolitan area. Map data 2019 Google.
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reference databases (Taberlet et al. 2018). For instance,
our pilot study titled “16S rRNA Amplicon Sequencing
of Urban Prokaryotic Communities in the South Bronx
River Estuary” revealed the dominant phyla Proteobac-
teria, Epsilonbacteraeota, Cyanobacteria, Bacteroide-
tes, Actinobacteria, and Acidobacteria, and found that
sediments had higher mean diversity than surface waters
(Naro-Maciel et al. 2020). The sequences also contributed
to the growing database for the 16S rRNA V4 region, the
gold standard employed by the Earth Microbiome Project
for prokaryotic metabarcoding (Gilbert et al. 2014). Fur-
ther, our 18S rRNA gene amplicon (V1-V3 region) Data
Paper provided information on an important but less stud-
ied 18S region, and successfully amplified a broad range
of animals, fungi, and protists (Ingala et al. 2021). We
found that community composition varied over time and
by substrate (river sediment versus surface water). The
sediments were dominated by the phyla Diatomea (dia-
toms), Annelida, and Nematoda, while the most common
phyla in surface waters were Cryptophyceae (algae),
Ciliophora (ciliates), Diatomea, and Dinoflagellata. The
18S analysis also detected organisms of management
interest such as Eastern oysters (Crassostrea virginica)
and their pathogens, as well as taxa linked to Harmful
Algal Blooms. Although commonly observed species
such as soft-shell clams (Mya arenaria) and blue mus-
sels (Mytilus edulis) were identified, other key common
or management-critical taxa such as the fish and invasive
species described above were not recovered.

Here we expand our analysis with new COI sequenc-
es amplified from the previously analyzed environmental
samples (n = 48). In traditional single-species barcoding,
COI has been the standard marker for animals due to its
conserved priming regions and informatively variable tar-
get segment (Hebert et al. 2003). We continued to focus
on Amplicon Sequence Variants (ASVs) because the data
are reproducible, consistent, and standardized (Callahan
et al. 2017), and included distance-based classifications
primarily due to incomplete taxonomic databases. Our
objectives were to identify organisms, explore biodiver-
sity patterns, and establish a baseline for future work in
the Bronx River Estuary.

Methods

Study sites and samples

We sampled benthic sediments and surface waters at
Hunts Point (HP, 40.82°N, 73.88°W; n . =9, n_
= 8) and Soundview (SVP, 40.81°N, 73.87°W) Parks
(Fig. 1), located in Reach 1 of the Bronx River Estuary
(NYCParks 2021). At SVP we collected both from a re-
stored oyster reef (SVP-BRO:n_,, =8, n =7)and
an area containing wild oysters about one to two tenths of
a kilometer distant (SVP-BRC:n_, =8, n =8). We
worked from August 2015 to September 2016, month-
ly from May—October during low tide as previously

described (Fitzgerald 2013; Naro-Maciel et al. 2020;
Ingala et al. 2021). We took water pH and temperature
measurements using a YSI Pro Plus Probe (YSI, USA)
when samples were collected, first at Soundview and lat-
er, usually in the same day, at Hunts Point.

DNA metabarcoding

We processed and extracted DNA from these environ-
mental samples within 24 hours as previously described
(Naro-Maciel et al. 2020; Ingala et al. 2021). The water
samples were filtered with 0.45 um Whatman Cellulose
Nitrate Sterile filters (Cytiva, USA). At the time we did not
include extraction blanks or positive controls and worked
in a turtle-focused university molecular lab that was not
PCR-free (no turtles were detected in this Data Paper). We
stringently followed standard decontamination and steril-
ization procedures in the lab, and later conducted state-of-
the-art bioinformatic quality control that removed contam-
inants and low-quality sequences as discussed below.

A commercial laboratory performed the polymerase
chain reaction, clean-up, and sequencing procedures
(MRDNA, Molecular Research LP, Shallowater, TX,
USA) using previously described industry-standard pro-
cedures and controls (Dowd et al. 2008; Naro-Maciel et
al. 2020; Ingala et al. 2021). We obtained COI sequences
from 48 total samples representing the same river sedi-
ment and surface waters samples formerly analyzed for
other markers, but in this study amplified with primers
mlCOlintF (GGWACWGGWTGAACWGTWTAY-
CCYCC) (Leray et al. 2013) and jgHCO2198 (TANA-
CYTCNGGRTGNCCRAARAAYCA) (Yu et al. 2012).
Polymerase chain reactions were carried out using the
Qiagen HotStarTaq Plus Master Mix Kit (Qiagen, USA)
with an index on the forward primer, 3 PCR replicates per
sample, and standard conditions and controls as reported
before (Dowd et al. 2008; Naro-Maciel et al. 2020; Ingala
etal. 2021). Following successful 2% agarose gel checks,
the samples were pooled in equal proportions and purified
with calibrated Ampure XP beads (Agencourt Bioscience,
USA). After creating an Illumina amplicon library, an II-
lumina MiSeq was used to conduct 2 x 300 bp v.3 paired-
end sequencing following manufacturer instructions.
Samples were sequenced over 3 runs in one initial batch
of 33 containing Hunts Point collections and Soundview
Park restored oyster reef samples. Later, to add the sec-
ond Soundview Park site, additional batches of 10 and
then the remaining 5 samples from there were processed.
All runs produced COI sequences, but due to run-to-run
variation the reads produced were shorter in the small last
batch. This length variation was dealt with in the bioinfor-
matic processing pipeline as discussed below.

Bioinformatic quality control and analyses

We used the FASTQ Processor to extract indexes and sort
forward and reverse reads (MRDNA 2021), and then an-
alyzed raw reads with the QIIME2 v. 2021.4 pipeline of
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tools (Bolyen et al. 2019). First, using the DADA?2 algo-
rithm (Callahan et al. 2016), reads were joined, derepli-
cated, chimera-filtered, and then processed as paired-end
(Suppl. material 1: Document 1). We ran each sequencing
run through DADA?2 independently using default param-
eters (QIIME2 2021), and only after this step were all
runs merged into a final, cumulative ASV feature table.
We trimmed primers and low-quality base calls from all
reads prior to merging with DADA2, and truncated reads
to account for declines in quality scores at the sequence
ends. DADA2 uses a quality-aware algorithm to identify
and correct, if possible, sequencing errors. The software
further filters out chimeric sequences and artifacts, leav-
ing behind only joined and dereplicated target sequences
(Callahan et al. 2016). For two larger batches a truncation
length of 260 bp was used, while for the smallest set of
5 samples a truncation length of 220 bp was used due
to shorter overall lengths in this batch. We then aligned
the dereplicated sequences using MAFFT (Katoh et al.
2002) and constructed approximate maximum likelihood
trees using the FastTree q2-plugin (Price et al. 2010). The
average percentage of sequences retained and median of
sequences kept per sample are shown in Tables 1, 2.

To assign taxonomic identity to ASVs, a sequence
search was conducted against the NCBI database (down-
loaded 1/27/22) using the blastn algorithm with default
parameters in BLAST+ v.2.11.0. (Camacho et al. 2009).
BLAST hits were then employed to assign sequences
to taxa using the weighted lowest common ancestor, or
LCA-assignment algorithm (which identifies the lowest
common ancestor in the set of BLAST hits for a given
sequence) using MEGAN Community Edition v.6.2.17
(Huson et al. 2016). We used a minimum bitscore of 200
to increase specificity for the LCA analysis. For identifi-
cations at the species level we required a minimum 97%
match, and we relaxed this to 80% for higher taxonomic
levels. Otherwise, default parameters were retained for
the LCA analysis. We added phylum-level identifications
for any ASVs identified to the order level or lower that
did not have these in the NCBI database.

Statistical analyses

We used R v.4.0.0 (R Core Team 2021) as implemented in
RStudio v. 1.4.1103 (R Studio Team 2020) for statistical
analyses (Suppl. material 1: Document 2). We exported
the ASV feature table, taxonomy, rooted phylogeny,
and sample metadata to BIOM format and imported
these files into R for analysis using the PHYLOSEQ
v. 1.32.0 suite of tools (McMurdie and Holmes 2013).
First, we identified potential contaminants using the
DECONTAM program and filtered them from the
ASV feature table (Davis et al. 2018). DECONTAM
considers any ASV whose frequency is significantly
inversely correlated with sample DNA concentration
across all samples as a potential contaminant. We used a
conservative threshold of 0.1 to identify significance of
contaminants and discarded them from the data set. To

https://mbmg.pensoft.net

assess whether we had sequenced communities deeply
enough to detect robust differences in beta diversity,
we performed rarefaction analysis using the rarecurve
function in VEGAN v. 2.5 — 7, and determined that
species accumulation curves for all samples had reached
asymptotes (Oksanen et al. 2017).

Next, we removed ASVs identified as Archaea
(n = 1,185) and Bacteria (n = 12,774) or Domain Un-
classified (n = 3,526) from further analysis. We computed
sequence abundance-based basic alpha diversity metrics
(Observed ASVs, Shannon richness, Faith’s phylogenetic
diversity, and Pielou’s evenness) using a combination of
custom functions and commands from the BTOOLS v.
0.0.1 package (Battaglia 2018). We tested for differences
in alpha diversity metrics among sites and substrates us-
ing the GGPUBR v. 0.4.0 package (Kassambara and Kas-
sambara 2020). We then normalized the data to account
for differences in library size among samples by applying
the Hellinger transform, which takes the square root of
the relative abundance for each taxon and bounds the re-
sponse between 0 and 1 (Legendre and Gallagher 2001).

We then performed Principal Coordinates (PCoA) or-
dinations on the abundance-based Bray-Curtis distance
matrix and visualized the results by plotting the ordi-
nation. 95% confidence ellipses for each site + sample
type combination were produced using the stat_ellipse
function in ggplot2. To test for turnover in beta diver-
sity among sites and substrates, we performed a PER-
MANOVA (npetm = 1000) on the Bray-Curtis distance
matrix. Because a key assumption of this test is homo-
geneity of dispersion, we assessed whether our samples
met this condition by using the betadisper and permutest
functions in VEGAN. We also tested for the effects of
pH, surface water temperature, and year on community
composition using a Canonical Correspondence Analysis
(CCA) as implemented in VEGAN. Significance was as-
sessed through ANOVA performed on the CCA matrix.

Results and discussion

A total of 48 environmental samples were successfully
collected, sequenced, and analyzed for COI (n = 23;

diment = 23). Following quality control and contaminant
removal, 27,328 ASVs representing Archaea, Bacteria,
and Eukarya were recovered from 7,653,541 sequences
(Tables 1, 2; Suppl. material 2: Tables S1, S2). Average
read depth across samples varied, but in general, high
estimates were returned (global minimum: 33,000), and
fewer than 1% of ASVs were flagged as contaminants
and removed by DECONTAM. Species accumulation
curves of each sample reached an asymptote indicative
of sufficient sampling depth to detect robust differences
in community structure and composition (Suppl. material
2: Fig. S1). Following prokaryote removal, 9,841 ASVs
representing algae, animals, fungi, plants, and protists
were recovered from 3,562,254 sequences (Suppl. ma-
terial 2: Table S1). However, data should be interpreted
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Table 1. Summary of COI sample data. Sample ID and statistics on the recovery of reads per sample after filtering, denoising, merg-

ing, and chimeric sequence removal are displayed, along with the index sequence and sequencing batch. The linker primer sequence
for all samples was GGWACWGGWTGAACWGTWTAYCCYCC.

Sample Index Sequence input  Filtered % input Denoised Merged % of input Non- % of input  Batch

passed filter merged chimeric non-chimeric
S.B.BRC AATGCAGG 404307 378045 93.5 363757 322683 79.81 305828 75.64 3
S.B.BRO AATGCTAT 224552 171248 76.26 169030 164525 73.27 160883 71.65 1
S.B.HP AATGCGAC 264262 197507 74.74 194996 187122 70.81 180612 68.35 1
S.C.BRC AATGCCGT 446701 419281 93.86 403346 359484 80.48 339110 75.91 3
S.C.BRO AATTAAGC 230633 172908 74.97 169692 163307 70.81 157334 68.22 1
S.C.HP AATGTTCG 232082 180166 77.63 176501 168019 72.4 165625 71.36 1
S.D.BRC AATGCGAC 357594 335024 93.69 320807 284262 79.49 267806 74.89 3
S.D.BRO AATTATGT 202121 154403 76.39 150533 144088 71.29 142652 70.58 1
S.D.HP AATTATAA 200934 150589 74.94 147721 141728 70.53 138902 69.13 1
S.E.BRC16 AATCTATT 292305 179623 61.45 161324 140460 48.05 119493 40.88 2
S.E.BRO16 AATTTAGG 261540 203142 77.67 199995 191698 73.3 174901 66.87 1
S.E.HP16 AATTCTCA 225186 170786 75.84 166593 158551 70.41 150573 66.87 1
S.F.BRC16 AATGAGCA 156813 101302 64.6 89909 71922 45.86 64045 40.84 2
S.F.BRO16 AATTTCTA 212778 160538 75.45 158567 153911 72.33 145613 68.43 1
S.F.HP16 ACAAGGCC 239942 181575 75.67 179036 169157 70.5 161451 67.29 1
S.G.BRC16 AATGCAGG 147928 95165 64.33 85196 68675 46.42 60917 41.18 2
S.G.BRO16 ACAATAGA 212958 167753 78.77 165091 159365 74.83 154835 72.71 1
S.G.HP16 ACAATCTG 261294 197228 75.48 193922 185907 71.15 180603 69.12 1
S.H.BRC16 AATGCCGT 176614 111803 63.3 100290 81044 45.89 71905 40.71 2
S.H.BRO16 ACAATTCG 190999 147290 77.12 143306 135326 70.85 133829 70.07 1
S.H.HP16 ACACAAAT 199858 153767 76.94 150265 142697 71.4 139658 69.88 1
S.L.LBRC16 AATGCGAC 157544 100475 63.78 90631 73741 46.81 62025 39.37 2
S.I.LBRO16 ACACAGCG 180039 138230 76.78 134493 127002 70.54 126083 70.03 1
S.I.HP16 ACACAGGT 251257 191589 76.25 188477 179857 71.58 176210 70.13 1
S.J.HP16 ACACCCAG 296667 220466 74.31 217602 210582 70.98 202212 68.16 1
W.B.BRC AATCTATT 539622 501610 92.96 493535 470360 87.16 448905 83.19 3
W.B.BRO AATGAGCA 246358 188743 76.61 185575 175281 71.15 168676 68.47 1
W.B.HP AATCTATT 219499 173898 79.22 171749 163737 74.6 157321 71.67 1
W.D.BRC AATGAGCA 497087 462883 93.12 454574 427476 86 403036 81.08 3
W.D.BRO AATGCAGG 233173 178523 76.56 174353 164570 70.58 160054 68.64 1
W.D.HP AATGCCGT 163774 123746 75.56 115874 105270 64.28 101538 62 1
W.E.BRC16 AATGCTAT 215382 153878 71.44 134734 124968 58.02 98006 455 2
W.E.BRO16 ACACCGGT 234991 184536 78.53 181026 171483 72.97 165766 70.54 1
W.E.HP16 ACACCGAG 180305 137446 76.23 133047 128092 71.04 124416 69 1
W.F.BRC16 AATGTTCG 264274 186824 70.69 164570 153668 58.15 116958 44.26 2
W.F.BRO16 ACAGCGTC 186549 140451 75.29 137606 130972 70.21 127594 68.4 1
W.F.HP16 ACAGCACC 173939 129442 74.42 126420 120337 69.18 116456 66.95 1
W.G.BRC16 AATTAAGC 213600 150028 70.24 131103 121232 56.76 89620 41.96 2
W.G.BRO16 ACAGGGAT 167412 126516 75.57 122513 114505 68.4 109860 65.62 1
W.G.HP16 ACAGTCGT 233719 172803 73.94 168503 159402 68.2 145463 62.24 1
W.H.BRC16 AATTATAA 245212 174443 71.14 152455 141996 57.91 109579 44.69 2
W.H.BRO16 ACAGTTAG 215300 163339 75.87 159885 148340 68.9 142294 66.09 1
W.H.HP16 ACAGTTGC 236955 181379 76.55 178385 168769 71.22 163511 69.01 1
W.I.LBRC16 AATTATGT 246099 171387 69.64 149653 137933 56.05 105361 42.81 2
W.LLBRO16 ACATGGCC 229960 178352 77.56 175925 166024 72.2 159860 69.52 1
W.I.LHP16 ACATTCTC 228584 177506 77.65 175016 166120 72.67 162118 70.92 1
W.J.HP16 ACATTGAT 210529 162533 772 159328 150060 71.28 146483 69.58 1
W.J.SVP16 ACATTGTG 214000 167062 78.07 162840 152186 71.11 147561 68.9 1
TOTALS 11623231 7653541

with caution given limitations such as a lack of extraction
blanks and positive controls, as well as potential lab-re-
lated errors in estimating relative abundance (Fonseca
2018; Taberlet et al. 2018). We also note that batch ef-
fects in sequencing and analysis can affect interpretation
of ASV data (Callahan et al. 2017). Although we did not
exhaustively test for sequencing batch effects as this was
beyond the scope of this exploratory, data-focused paper,

differences among runs could have affected the results
and should be accounted for in any future usage of these
data. As ASVs retain all variable characteristics of the se-
quences recovered, including variation in length, counts
of ASVs may represent an overestimate of the true num-
ber of underlying COI haplotypes, especially since se-
quences were truncated to different lengths for one batch
of sequences.
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Table 2. COI sequence and ASV statistics of the Bronx River
Estuary. Total or mean values across samples are reported and
standard error is shown in parentheses.

Total samples 48
Sample Sites HP_, (n=9)
HP (n=8)
SVP_ . .. (n=16)
SVP_ . .(n=15)
Total raw reads 11,623,231

Total reads, passed filter
Raw reads per sample (mean)

7,653,541
242,151 (= 11,768)

Reads per sample, passed filter (mean) 159,449 (+ 11,768)

Percent reads passed filter 64.1%
Unique ASVs, pre-filter 27,567
Unique ASVs, contaminants removed 27,328
Total ASVs removed by DECONTAM 239

Variation by substrate, time, and environmental variable

We tested whether there were differences in eukaryotic
community composition. There was no significant over-
all distinction among sites and substrates in phylogenetic
diversity (Kruskal-Wallis p = 0.71; Fig. 2A) or observed
diversity (Kruskal-Wallis p = 0.7; Suppl. material 2:
Fig. S2). There were differences among sites in Shannon
diversity (Kruskal-Wallis p = 0.007) and evenness (Kru-
skal-Wallis p = 0.045), with Hunts Point water showing
higher Shannon diversity and evenness than sediments
from the same site (Suppl. material 2: Fig. S2). The com-
munity turnover (i.e., beta diversity) of eDNA from water
samples was significantly different from that of sediment
(r*=0.07, P <0.001, Fig. 2B). There was no significant
differentiation in community composition among sam-
pling years (1> = 0.03, P = 0.057). As regards environ-
mental measurements, at Soundview the average water
temperature and pH were 21.1 °C (range 14.5 — 24.2 °C)
and 6.9 (range 6.6 — 7.4), respectively. At Hunts Point the
average water temperature and pH were 22.6 °C (range
17-25.8°C) and 7.0 (range 6.7 — 7.7). Water temperature
had a significant impact on COI community composition
(F, 5 = 1.838, P = 0.001; Suppl. material 2: Fig. S3), but
there was no significant impact of water pH on river sedi-
ment or water profiles (F,, =0.959, P =0.621).

136

Comparing eukaryotic eDNA metabarcodes to known
Bronx River biodiversity

The analysis detected a variety of common organisms
(Fitzgerald 2013; Werner 2016; BRA 2022; iNaturalist
2022), as well as those of management concern, including
invasive species (Smithsonian 2022) and potential Harm-
ful Algal Blooms (USNOHAB 2022) (Table 3; Suppl.
material 2: Table S1). Of the eukaryotic ASVs, 36.9%
were classified to the phylum level or below and 6.2%
were classified to species. The gaps in taxonomic resolu-
tion are likely linked to a dearth of database information
on less studied organisms.

Sequences from the diatom phylum Bacillariophyta
were the most commonly detected at most sites and in the
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Figure 2. COI diversity comparison between sediment and water
samples from Hunts Point (HP) Riverside and Soundview (SVP)
Parks. A) Faith’s Phylogenetic Diversity. Result of a global Kru-
skal-Wallace significance test is shown at the top of the plot.
Letters indicate no groupings were significantly different from
one another based on pairwise significance tests (p <0.05). B)
Principal Coordinates Analysis (PCoA) of Bray-Curtis distanc-
es. 95% confidence ellipses for each site + sample type combi-
nation were produced using the stat_ellipse function in ggplot2.

datasetoverall (Fig. 3; Suppl. material 2: Table S1). Several
diatoms were identified including multiple species in the
genera Chaetoceros, Lithodesmium, Melosira, Paralia,
and Thalassiosira. For the second most abundant phylum
(Annelida) the majority of ASVs mapped to classes
Clitellata and Polychaeta. Within Clitellata, the following
species were identified: Amphichaeta sannio, Baltidrilus
costatus, Bothrioneurum vejdovskyanum, Limnodrilus
hoffmeisteri, Monopylephorus rubroniveus, Nais elinguis,
Octolasion cyaneum, Paranais litoralis, Tubificoides
benedii, T. brownie, T. fraseri, and T. parapectinatus.
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Figure 3. Community profiles of eukaryotic COI Amplicon Se-
quence Variants (ASVs) in sediment and water samples from
Hunts Point Riverside and Soundview Parks. Shown in tempo-
ral order of collection at the level of phylum; bar heights indi-
cate relative abundance of sequences from each taxon.

Worms of Class Polychaeta identified to species were:
Amphitrite ornate, Capitella teleta (common in the area),
Glycera americana (American bloodworm), Glycinde
multidens,  Hypereteone  heteropoda, Parasabella
microphthalma, Polydora cornuta, and Streblospio
benedicti (the common Ram’s horn worm).

Further, several key organisms being restored and
monitored in the Bronx River, as well as commonly
observed species, were detected (Table 3; Suppl.
material 2: Table S1). For example, sequences
exhibiting a perfect match to American eels (Anguilla
rostrata) were found, although these data also matched
sequences assigned to the family level in NCBI.
Other fish species whose presence is associated
with healthy tidal areas, including mummichogs
(Fundulus heteroclitus), Atlantic silversides (Menidia

Table 3. Eukaryotic species of special interest detected by COI
from the Bronx River Estuary. C = Commonly observed; M = of
Management Concern.

Class and Genus species Common name TYPE COI
Actinopterygii
Alosa pseudoharengus River Herring/Alewife =~ M
Alosa estivalis River Herring M
Ameiurus nebulosus Brown bullhead C
Ameiurus spp. Bullhead catfish C v
Anguilla rostrata American eel M v
Brevoortia tyrannus Menhaden C v
Fundulus heteroclitus Mummichog C v
Fundulus majalis Striped Mummichog C

(or killifish)

Gobiesox strumosts Skillet fish C
Lepomis spp. Sunfish C
Menidia menidia Atlantic silverside C v
Morone americana White perch C v
Morone saxatilis Striped bass M v
Perca flavescens Yellow perch C v
Ascidiacea
Botryllus schlosseri Golden star tunicate C v
Molgula spp. Sea grape C
Perophora sagamiensis Sea squirt C
Aves
Branta canadensis Canada goose C
Egretta spp. Egrets, Herons C
Larus spp. Gulls C v
Bivalvia
Crassostrea virginica Eastern oyster M v
Euglesa casertana Pea Clam
Geukensia demissa Ribbed mussel C v
Macoma petalum Atlantic Macoma v
Mercenaria mercenaria Hard or chowder clam C
Mulinia lateralis Dwarf surf clam C v
Mya arenaria Soft-shell clam C v
Mpytilus edulis Blue mussel C v
Nucula proxima Atlantic nut clam v
Petricolaria pholadiformis False angelwing C v
Demospongiae
Cliona spp. Boring sponge C
Halichondria panicea Breadcrumb sponge C v
Dinophyceae
Alexandrium spp. HAB (potential) M
Amphidinium carterae HAB (potential) M
Dinophysis sacculus HAB (potential) M
Gymmnodinium spp. HAB (potential) M
Gyrodinium spp. HAB (potential) M v
Heterocapsa rotundata HAB (potential) M v
Heterocapsa triquetra HAB (potential) M v
Heterocapsa spp. HAB (potential) M v
Karlodinium sp. RS-24 HAB (potential) M v
Margalefidinium polykrikoides HAB (potential) M v
Gastropoda
Corambe obscura Obscure Corambe v
Crepidula fornicata Common slipper snail C
Ercolania fuscata Sea Slug v
Tritia obsoleta Eastern mudsnail C v
(syn Ilyanassa obsoleta)
Urosalpinx cinerea Opyster drill C
Malacostraca
Callinectes sapidus Blue crab C,M
Carcinus maenas Green crab M
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Class and Genus species Common name TYPE COI
Dyspanopeus sayi Mud crab C
Gammarus oceanicus Scud amphipod C

Grandidierella japonica Invasive amphipod M v
Hemigrapsus sanguineus

Microdeutopus gryllotalpa

Asian shore crab
Slender tube maker C

Pagurus longicarpus Long-clawed hermit crab ~ C
Palaemonetes pugio Common shore shrimp ~ C
Panopeus herbstii Black fingered mud crab ~ C
Rhithropanopeus harrisii White fingered mud crab  C
Mammalia

Homo sapiens Human C v
Ondatra zibethicus Muskrat C

Rattus norvegicus Brown rat C v
Merostomata

Limulus polyphemus Horsheshoe crab M v
Polychaeta

Alitta succinea Clam worm C

(syn Nereis succinea)

Amphitrite ornata Ornate worm v
Capitella teleta Thread worm C v
Glycera americana Blood worm v
Lycastopsis pontica Spring worm C
Platynereis dumerilii Dumeril’s clam worm C
Streblospio benedicti Ram's horn worm C v

menidia), and menhaden (Brevoortia tyrannus), were
detected. River herring (Alosa pseudoharengus and
A. aestivalis), however, were not identified. Arthropod
ASVs included a non-native belostomatid water
bug (Appasus major), the invasive malacostracan
Grandidierella japonica, and Limulus polyphemus, the
Atlantic horseshoe crab. Various bivalves were present,
including the eastern oyster, Crassostrea virginica,
which has been the focus of targeted restoration
efforts in New York City waterways, in addition to
commonly observed blue (Mytilus edulis) and ribbed
(Geukensia demissa) mussels, and soft-shell clams
(Mya arenaria). Dinoflagellate taxa potentially linked
to harmful algal blooms were also recovered including
in the genus Heferocapsa. In conclusion, this COI
Data Paper complements our prior 16S and 18S pilot
work (Naro-Maciel et al. 2020; Ingala et al. 2021), and
provides a baseline for future metabarcoding efforts to
characterize urban estuarine biodiversity in the Bronx
River, with applications for other areas.

Data availability

All amplicon gene sequences from this study are posted
on the NCBI Sequence Read Archive (SRA) under Bi-
oProject PRINA606795. DNA extracts are stored at the
American Museum of Natural History.
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