Zootaxa 5601 (3): 545-557 ISSN 1175-5326 (print edition)

https://www.mapress.com/zt/ ArtiCIe ZO O TAX A

Copyright © 2025 Magnolia Press ISSN 1175-5334 (online edition)

https://doi.org/10.11646/zootaxa.5601.3.8
http://zoobank.org/urn:lsid:zoobank.org:pub:061A705E-1F6E-4624-BD46-75D642BF29F4

A new soft coral species from the Gulf of Mexico (Octocorallia: Scleralcyonacea:
Parasphaerascleridae)

ANDREA M. QUATTRINI", DECLAN MORRISSEY' & LUKE J. MCCARTIN?

!Department of Invertebrate Zoology, National Museum of Natural History, Smithsonian Institution, Washington DC, USA.
=Imorrisseyd@si.edu, © https://orcid.org/0000-0003-3064-3560

’Department of Biological Sciences, Lehigh University, Bethlehem PA, USA.

=1im419@lehigh.edu; © https://orcid.org/0000-0001-5374-3148

*Corresponding author: |=|quattrinia@si.edu,; © https://orcid.org/0000-0002-4247-3055

Abstract

A new species of soft coral, Parasphaerasclera mcfaddenae (Octocorallia: Scleralcyonacea: Parasphaerascleridae), is
described from mesophotic hardbottom habitats of the Gulf of Mexico, western North Atlantic Ocean. Previously, this
family was only known from the tropical Indo-Pacific and South Africa; therefore, we extend the distribution of the family
Parasphaerascleridae into the North Atlantic Ocean. This diminutive species differs from other parasphaerasclerids by a
capitate growth form, non-retractile polyps, and presence of tuberculated spindles. Notably, this species was also detected
in environmental (¢)DNA samples from locations where it was not physically collected, highlighting the importance of
both eDNA for biodiversity surveys as well as specimen collections for building comprehensive reference databases for
eDNA analyses.
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Introduction

The Gulf of Mexico (GoM) is a basin in the western North Atlantic Ocean that contains coral reefs, gardens, and
other marine animal forests (see Rossi et al. 2017) from shallow waters to the deep sea. To date, approximately
160 corals in the Class Octocorallia (Cnidaria: Anthozoa), which include soft corals, gorgonians, sea pens and
stoloniferans, have been documented at depths down to at least 2800 m (Cairns & Bayer 2009, Hourigan et al.
2017). Soft corals appear to be uncommon and much less diverse compared to gorgonians, at least according
to current records. Eleven soft coral species from across six families and eight genera [Aquaumbridae Breedy,
van Ofwegen & Vargas, 2012 (Aquaumbra Breedy, van Ofwegen & Vargas, 2012), Capnellidaec McFadden, van
Ofwegen & Quattrini, 2024 (Pseudodrifa Utinomi, 1961), Coralliidae Lamouroux, 1812 (Bathyalcyon Versluys,
1906, Anthomastus Verrill, 1878, Pseudoanthomastus Tixier-Durivault & d’Hondt, 1974), Nidaliidae Gray, 1869
(Nidalia Gray, 1835), Siphonogorgiidae Kélliker, 1874—cited in Kolliker, A. (1875) (Chironephthya Studer, 1887),
Nephtheidae Gray, 1862 (Stereonephthya Kiikenthal, 1905)] have been documented to occur in the region, although
the latter record is dubious as the family is limited in distribution to the Indo-west Pacific (McFadden et al. 2022). In
contrast, more than 125 species of gorgonians (e.g., with a proteinaceous, scleritic, or calcitic axis) are known from
the GoM. Although the majority of octocoral taxa (~118 species, Cairns & Bayer 2009, Hourigan et al. 2017, Brooke
et al. 2023) documented in the region are known from deep waters (>200 m), coral gardens in mesophotic depths
are extensive and require further characterization and assessment. Establishing baseline biodiversity estimates of
octocorals in the GoM across a wide depth range is essential to informing habitat management, protection, and
restoration efforts, particularly as resource extraction and ensuing disasters (e.g., oil spills) threaten the health of
vulnerable coral ecosystems throughout the region.

During a recent offshore expedition in the northern GoM, a diminutive soft coral was collected with a remotely
operated vehicle (ROV) along an extensive area of mesophotic hardbottom habitats, known as the Pinnacle Trend
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(Fig. 1). Upon morphological examination and molecular characterization, this coral was determined to be a new
species within the family Parasphaerascleridae, a family of soft corals unknown to the North Atlantic Ocean.
Previously, this family was found only off South Africa and in the Indo-Pacific (McFadden & van Ofwegen 2012).
Currently, the family contains one genus and nine species (Worms Editorial Board, 2016) with the most recent
species described off western Australia by Bryce et al. (2015). Here, we systematically describe a new species of
Parasphaerasclera. We also discuss this new species discovery in the context of environmental (¢)DNA analyses
and exploration of deepwater coral habitats.
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FIGURE 1. Map with the sampling locations of the Parasphaerasclera mcfaddenae sp. nov. specimens, and seawater samples
where P. mcfaddenae was detected in eDNA sequencing data. The lower map corresponds to the area that is highlighted in red
in the upper map. The upper map is from the Global Multi-Resolution Topography Data Synthesis (Ryan ef al. 2009) (gmrt.org).
Bathymetric data in the lower map is from the General Bathymetric Chart of the Oceans (GEBCO Compilation Group 2023)
(www.gebco.net).

Methods

Specimen Collection

Three individuals were collected in July 2022 in the northeastern GoM during an expedition aboard the NOAA
Ship Pisces (PC-22-02) as part of the Mesophotic and Deep Benthic Communities (MDBC) Program, under the
Deepwater Horizon Oil Spill Natural Resource Damage Assessment, Open Ocean Trustee Implementation Group
Final Restoration Plan 2 (OOTIG 2019). The specimens were collected from a hardbottom habitat within the
Pinnacle Trend at a depth of 74-75 m with a suction sampler attached to the remotely operated vehicle (ROV)
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Mohawk. Tissue samples were taken for genetic analyses and voucher specimens were preserved in 95% EtOH.
Samples were deposited in the Smithsonian National Museum of Natural History (NMNH or USNM).

Morphological Analysis

A thin cross section was cut from the holotype (USNM1676189) with a razor blade and briefly immersed in
5% bleach followed by hydrogen peroxide to remove tissue while keeping the sclerites in place. Further, one polyp
and a piece of the coenenchyme from the inner and outer stalk and the surface of the capitulum were dissected and
dissolved in 5% bleach, followed by rinses with hydrogen peroxide, water, and 95% ethanol. Sclerites were then
allowed to dry and were shaken onto a double-sided carbon adhesive fixed to a metal stub. The thin cross section
was also adhered to the carbon adhesive. Stubs were gold coated for 120 s using a Quorum Q150R ESplus at a
sputter current of 25 mA, resulting in a coat thickness of approximately 10 nm, and were imaged at 15 kV using a
Thermofisher APEREO Field Emission Scanning Electron Microscope (SEM) at the Centre for Imaging, National
Museum of Natural History. In addition, sclerites from the paratypes were examined using a light microscope but
not imaged with SEM.

Molecular Analysis

DNA was extracted from single polyps of two specimens (USNM1676189, USNM16761940) on a 96-well
plate with other samples using the high-throughput AutoGen (Holliston, Massachusetts, USA) extraction device,
which uses a phenol-chloroform based extraction method. DNA was quantified with a QuantIT kit and 23-32 ng
from each specimen was used as input into library preparation. The NEBNext Ultra II FS DNA Library Prep Kit was
used with some modifications as in Quattrini ez al. (2024). DNA libraries were quantified and assessed with a Qubit
fluorometer High Sensitivity Assay and an Agilent Tapestation. Samples were sequenced on an Illumina NovaSeq
X at Admera Health (South Plainfield, NJ) for a target read number of 10M paired-end (PE) reads (150 bp).

Demultiplexed reads were trimmed with fastp v 0.23.4 (Chen et al. 2018) to remove polyG tails and passed to
Trimmomatic v 0.40 (Bolger et al. 2014) to remove adapters. Circularized mitochondrial genomes were assembled
de novo for each individual using NOVOplasty v. 4.3.3 (Dierckxsens et al. 2017). A partial cox1, retrieved from the
mitogenome of Parasphaerasclera valdiviae (Kiikenthal, 1906) (Genbank Accession NC_062023.1, Muthye et al.
2022), was used as a seed. In addition, a k-mer size of 21 was used and the initial seed was not extended. Annotation
was completed with Mitos2 (Donath et al. 2019) using translation table 4 (Mold, Protozoan, Coelenterate) with
Refseq 89 Metazoa. Annotations were fine-tuned in Geneious Prime 2023.1.1 (https://www.geneious.com) using
the ORFfinder function. mtMutS was then pulled from the mitogenome data, trimmed to a target length of 702 bp
and aligned using LINS-I method in MAFFT v 5 (Katoh et al. 2005) with a reference dataset that included 446
mtMutS sequences (McFadden et al. 2022, Quattrini et al. 2024, see https://doi.org/10.25573/data.24319078 for
alignment file) and an additional four Parasphaerasclera sequences from GenBank (MG583636: Etsebeth 2018,
HG970082: Bryce et al. 2015, DQ302809: McFadden et al. 2006, HG970081: Bryce et al. 2015). The resulting
alignment was input into IQTree v 2 (Minh et al. 2020) for maximum likelihood phylogenetic reconstruction using
modelfinder (-m TESTMERGE, Kalyaanamoorthy et al. 2017) and 1000 ultrafast bootstrap replicates (-B 1000,
Hoang et al. 2018).

We also obtained the 285 rDNA sequence from the trimmed read data of our holotype specimen USNM 1676189
with BLAST. We queried a 28S barcode sequence classified to the genus Parasphaerasclera from a recent eDNA
survey in the GoM (McCartin et al. 2024) against contiguous sequences (contigs) that were assembled de novo using
SPAdes (Bankevich et al. 2012). One contig was retrieved that contained /78S, 5.8S, and most of 288, as identified
bbased on similarity to an rDNA repeat sequence from an NCBI Xenia reference genome (RefSeq assembly GCF
021976095.1, scaffold NW_025813507.1). A partial 28S sequence from our P. mcfaddenae specimens was aligned
using the LINS-I method in MAFFT v 5 (Katoh et al. 2005) along with 155 reference sequences from Quattrini et
al. (2024) and from four additional species of Parasphaerasclera (JX203639: McFadden & van Ofwegen 2012,
KF728087, KF728086, KF728082: McFadden & van Ofwegen 2013). The resulting alignment was input into
IQTree v 2 (Minh et al. 2020) for phylogenetic analyses using modelfinder (-m TESTMERGE, Kalyaanamoorthy
et al. 2017) and 1000 ultrafast bootstrap replicates (-B 1000, Hoang et al. 2018).
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Results
Systematic Account

Class Octocorallia Haeckel, 1866

Order Scleralcyonacea McFadden, van Ofwegen, & Quattrini 2022
Family Parasphaerascleridae McFadden & van Ofwegen 2013
Genus Parasphaerasclera McFadden & van Ofwegen 2013

Diagnosis (amended)

Octocorals without a skeletal axis. Colonies digitiform, digitate lobate, or capitate, usually with a sterile stalk
although this may be indistinct. Polyps monomorphic and distributed evenly over surface of lobes or restricted
to top of capitulum. Polyps retractile or non-retractile. Retracted polyps may remain visible as small mounds on
polyparium surface. Polyp sclerites absent. Sclerites of colony surface and interior predominantly radiates and
tuberculate spheroids, tuberculated spindles, and occasionally rods and crosses. Sclerites both colorless and brightly
colored. Azooxanthellate.

Distribution
Shallow to mesophotic depths. Indo-Pacific, South Africa, and Gulf of Mexico.

Parasphaerasclera mcfaddenae sp. nov.
urn:1sid:zoobank.org:act:379FFA8B-4161-4FA0-BBE6-BDCD4B9988F0
Figures 2-3, Suppl. Figures 1- 2

Material Examined

Holotype: USNM1676189 (field numbers: PC22-0144, PC2202L1 20220704 SO05 154B) 29.44128° N,
87.5347° W, 75 m, R/V Pisces, ROV Mohawk dive ROV13 (UNCW1044), collected by NOAA MDBC PC2202L1
Science Team, 04 July 2022

Paratype: USNM 1716278 (field numbers: SH12611, PC2202L1 20220704 S05 154B)29.44128 °N, 87.5347°
W, 75 m, R/V Pisces, ROV Mohawk dive ROV13 (UNCW1044), collected by NOAA MDBC PC2202L1 Science
Team, 04 July 2022

Paratype: USNM1676194 (field numbers: PC22-0149, PC2202L1 20220704 _S05 160B), 29.44127° N,
87.5345° W, 74 m, R/V Pisces, ROV Mohawk dive ROV13 (UNCW1044), collected by NOAA MDBC PC2202L1
Science Team, 04 July 2022

Type Locality
Pinnacle Trend, Gulf of Mexico, western North Atlantic Ocean, Alabama, USA, 75 m depth.

Description

A small, soft coral without a central axis with a capitate growth form that has a distinct short stalk and capitulum.
Polyps non-retractile, possibly non-contractile, but evenly distributed over top of capitulum. Only autozooids are
present. Holotype (USNM1676189) measures 6 mm wide and 6 mm tall (base to top of capitulum) with six polyps
(24 mm tall) spaced evenly apart. Three polyps were removed for genetics and morphological analyses. One
paratype (USNM1676194) measured 3 x 3 mm with three polyps (~3 mm tall) each; the capitate growth form of
this specimen was not as evident as the other two specimens. The paratype (USNM1716278) measured 9 mm tall
X 4 mm wide with 6 polyps ranging from 2—3 mm tall. Color of all specimens yellow-orange in alcohol and in situ
whereas the polyps are white in alcohol, but translucent in situ (Fig. 2). In situ images of additional colonies (not
collected) depict up to 12 polyps, densely but evenly distributed on surface of capitulum (Fig. 2A).
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Polyps lacking sclerites and armature. Sclerites of coenenchyme colored yellow-orange; some colorless sclerites
in the inner layer. Sclerites include tuberculated spindles featuring pointed tips (0.10—0.28 mm), crosses (0.05-0.18
mm in diameter), and few small radiates (mostly 7- and 8- radiates, 0.05—0.10 mm) (Fig. 3). Sclerite composition
similar between stalk, top of capitulum and inner layer (Suppl. Fig. 3). All sclerites highly ornamented with complex
tuberculate sculpture.

Remarks

This species is different from all other Parasphaerasclera due to the combination of non-retractile polyps, a
capitate growth form with polyps limited to the top of the surface, and sclerites consisting of tuberculated spindles
with very pointed tips (Table 1). The capitate growth form of P. mcfaddenae may be unique within the genus,
although the description of P. albiflora (Utinomi, 1957) did not distinguish if the growth form was in fact capitate or
cylindrical. However, the polyps are evenly spread over the capitulum in P. mcfaddenae while they are irregularly
distributed in P. albiflora (Utinomi, 1957). The presence of tuberculated spindles is unique to P. mcfaddenae, only
comparable to the tuberculated rods found in P. grayi (Thomson & Dean, 1931), but the former is easily distinguished
by the distinctive pointed tips at both ends of each spindle.

Etymology
The species is named in honor of Catherine S. McFadden, Harvey Mudd College, CA, USA, a world expert in
systematics of Octocorallia.

Distribution

Known from the type locality: Pinnacle Trend, Gulf of Mexico, western North Atlantic Ocean, Alabama USA,
74-75 m depth. eDNA analyses (Fig. 1) suggest it also occurs in the northwestern Gulf of Mexico at Bright Bank
at a depth of 85 m.

Phylogenetic Results

Phylogenetic analyses based on mtMutS included eight species of Parasphaerasclera. The family was recovered
as monophyletic with 100% bootstrap support. This clade was recovered sister to the family Coralliidae with full
bootstrap support. The new species, P. mcfaddenae, was found to be most closely related to P. kimberlyensis Bryce,
Poliseno, Alderslade & Vargas, 2015 and P. aff. grayi . The genetic distance (p-distance) between P. mcfaddenae
and both species, which were 100% similar across this region of mtMutS, was 1.6%. Both P. mcfaddenae samples
were also identical across this region of mtMutS as well. P. mcfaddenae was recovered sister to P. aurea (Benayahu
& Schleyer, 1995) in the phylogeny with low support (72 % bs) based on nuclear 28S rDNA (Suppl. Fig. 3). P,
kimberlyensis was not included because the sequence available on GenBank (HG970069, Bryce et al. 2015) was a
different sequenced portion of 2§S.

FIGURE 2. Images of Parasphaerasclera mcfaddenae sp. nov. A) in situ image of two colonies, B) in situ image of the

holotype prior to ROV collection, and C) image of holotype under the microscope with a 1 cm scale bar.
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FIGURE 3. A) Spindles and B) crosses and radiates from Parasphaerasclera mcfaddenae sp. nov. USNM1676189. 0.1 mm
scale bar included.

550 - Zootaxa 5601 (3) © 2025 Magnolia Press QUATTRINI ET AL.




TABLE 1. Diagnostic morphological characters compared among species.

Species Colony Shape Polyp Polyp Sclerite form Geographic
Retractile  Distribution Distribution
Parasphaerasclera cylindrical, but Polyps fully irregularly 8-radiate capstans, Japan
albiflora (Utinomi, with stalk and extended” distributed over capstans with stellate
1957) capitulum* capitulum heads
Parasphaerasclera digitiform to yes dense, double-deltoids, small South Africa
aurea (Benayahu & lobular growth irregularly 6-radate capstans, and
Schleyer, 1995) form with a short, distributed tuberculate spheroids.
indistinct stalk throughout
except base of
stalk barren
Parasphaerasclera digitiform, wider  yes dense, evenly  6-, 7-, and 8-radiate Wide distribution
grayi (Thomson & base tapering distributed capstans along with throughout Indo-
Dean, 1931) distally throughout tuberculate rods that lack  West Pacific,
a smooth waist, crosses western Australia
at times. Much variation
Parasphaerasclera digitiform, wide yes sparse but tuberculate capstans, few Western Australia
kimberylensis Bryce,  base tapers evenly rodlets, crosses, small
Poliseno, Alderslade  distally distributed radiates
& Vargas, 2015 throughout
except base of
stalk barren
Parasphaerasclera capitate no evenly tuberculated spindles, Gulf of Mexico
mcfaddenae sp. nov. distributed crosses, small radiates
Quattrini, Morrissey, over surface of
& McCartin 2024 capitulum
Parasphaerasclera digitiform to yes Dense, evenly  compact radiates and South Africa
morifera (Tixier- lobular growth distributed spheroids
Durivault, 1954) form with a short, throughout,
indistinct stalk except at base
Parasphaerasclera digitiform yes Evenly 6 through 8 radiate South China Sea
nezdoliyi (Dautova & distributed capstans, small compact
Savinkin, 2009) throughout capstans, flattened and
granulated rods with one
extended end, crosses
Parasphaerasclera conspicuous yes evenly small capstans and South Africa
rotifera (Thomson, stalk gives rise to distributed tuberculate spheroids
1910) either branched or
digitate lobes
Parasphaerasclera conspicuous description  dense, absent compact 6- and 8- South Africa
valdivae (Kukenthal, stalk gives rise to  says “many on stalk radiates, spheroids
1906) either branched or  polyps
digitate lobes extended””
Parasphaerasclera digitiform to yes evenly radiates and some Tonga Islands,
zanahoria (Williams, lobate; several distributed Crosses South Pacific
2000) finger-like lobes throughout
may be united 95% of colony

at base, tapers
distally

*unclear if capitate or cylindrical, * description states all polyps fully extended, unclear if retractile or not, “Verseveldt &

Williams 1988.
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FIGURE 4. Maximum likelihood tree of Octocorallia based on a mtMutS alignment (1074 bp). Ultrafast bootstrap supports
are included as colored circles on the nodes. The order Scleralcyonacea is rooted to the order Malacalcyonacea. Some nodes

are collapsed.

Mitogenome Assembly

Mitogenomes were 18,721 bp in length and had the expected protein-coding genes, ATP6, ATPS8, cob, coxI-3,
nadl-6, nad4l, and mtMutS, two rRNAs (rns and rnl), and a single transfer RNA (tRNA—Met). Sizes of each gene
are listed in Supplemental Table 2. Complete mitogenomes were uploaded to Genbank (USNM 1676189 accessioned
as PQ009932, USNM1676194 accessioned as PQ009933).

Discussion

In previous studies, the family Parasphaerascleridae has been recovered often with poor to moderate levels of
support in numerous places within the order Scleralcyonacea (McFadden & van Ofwegen 2013, Bryce et al.
2015, McFadden et al. 2022). Even phylogenies based on 100s of nuclear loci (i.e., ultraconserved elements and
exons) have shown an unstable phylogenomic placement of this family within the order (McFadden et al. 2022,
Quattrini et al. 2024). This study, which included a comprehensive octocoral DNA barcode dataset, albeit just
mtMutS, recovered Parasphaerascleridae as sister to the Coralliidae Lamouroux, 1812 with 100% bootstrap support.
In contrast, the phylogeny based on nuclear 28S rDNA recovered Parasphaerasclera as an early-diverging lineage
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and sister to the rest of Scleralcyonacea, a relationship recovered in Quattrini ez al. (2024) based on 100s of nuclear
loci. This mito-nuclear discordance is commonly observed in Octocorallia (Quattrini et al. 2023). Nevertheless,
Parasphaerascleridae shares several morphological characters (e.g., colony growth form, absence of polyp sclerites,
and brightly colored sclerites) with the coralliid genus Paraminabea Williams & Alderslade, 1999. Furthermore,
many parasphaerasclerid species contain the radiate sclerites that are characteristic of the family Coralliidae.
Notably, DeLeo ef al. (2024) demonstrated that Coralliidae and Parasphaerascleridae both contain bioluminescent
coral species.

Within the genus Parasphaerasclera, P. mcfaddenae was recovered as sister to P. kimberlyensis in the
comprehensive mtMutS phylogeny. P. kimberlyensis was described by Bryce, Poliseno, Alderslade & Vargas
2015 from specimens collected in shallow-water depths (~10 m) off Australia. P. kimberlyensis has sclerites of
tuberculated rods, radiates and crosses whereas P. mcfaddenae was collected from mesophotic depths with sclerites
of tuberculated spindles, radiates, and crosses. In contrast, the early-diverging lineages, P. rotifera (Thomson, 1910)
and P. valdivae (Kukenthal, 1906), within the family both contain spheroid sclerites; perhaps an ancestral sclerite
form for the family. Notably, P. mcfaddenae appears to be the smallest species of the genus, although we caution
that more specimens need to be collected to gather a more thorough size range. This new species is also the only one
with a capitate growth form, although it is possible that P. albiflora is also capitate. The original description of P
albiflora discusses a “very beautiful cylindrical colony” but also mentions a stalk and a capitulum in the description
(Utinomi, 1957).

The genus Parasphaerasclera includes nine nominal species, eight reassigned from other genera and one (P,
kimberlyensis) originally described to the genus. Many species lack molecular data, and some specimens discussed
in the literature do not match any described species. For example, McFadden & van Ofwegen (2013) outline the
considerable variation among specimens of P. grayi illustrated in the literature and suggest that these specimens may
represent as-of-yet undescribed species. This extensive undescribed diversity, and absence of available molecular
data for many species, has limited our ability to explore the concordance between morphological and molecular
evidence for species boundaries. Finally, we note that gene order within the mitogenome of P. mcfaddenae follow
the ancestral mitogenome order “A” (Brockman & McFadden 2012) as its congener P. valdivae (Muthye et al.
2022).

With the discovery of P. mcfaddenae from the Gulf of Mexico, we extend the distribution of the family
Parasphaerascleridae to the western North Atlantic Ocean. All previous records of species in the family are
limited to shallow waters of the tropical Indo-Pacific and South Africa (McFadden ef al. 2022). Although there are
unconfirmed records that this family can be found at depths down to 110 m (obis.org), our records confirm that
Parasphaerasclera can be found in mesophotic depths as well.

It is curious that P. mcfaddenae was never collected before in the GoM. The GoM is perhaps one of the most
well-explored regions in the US Exclusive Economic Zone. Furthermore, the Pinnacle Trend has been surveyed
numerous times in the region, particularly since the Deepwater Horizon Oil spill in 2010 (e.g., Etnoyer et al. 2016,
Silva et al. 2016). The diminutive size and hardbottom affinity in mesophotic depths likely precluded P. mcfaddenae
from observation and collection during past expeditions using trawls or ROVs. Recently, there have been recorded
observations of introductions or invasions of soft corals into regions of the western Atlantic Ocean, generating
negative impacts on local communities de Carvalho-Junior et al. 2023, Toledo-Rodriguez et al. 2024). Thus, it
is essential that baseline characterization of deepwater coral communities continue, even in areas that we believe
to be well explored. Further exploration and detailed characterization can improve our understanding of healthy
ecosystems and monitor any community responses to anthropogenic change.

We first suspected the presence of a coral in the genus Parasphaerasclera in the GoM from eDNA in water
samples collected in August 2021 at ~85 meters depth at Bright Bank, a mesophotic bank in the northwestern
GoM (Fig. 1) (McCartin et al. 2024). Three 28S amplicon sequence variants (ASVs) detected in these samples
were classified to the genus using a reference database that included a barcode sequence of P. valdivae collected
from South Africa. The most similar ASV had 99.8% pairwise identity with the aligned region of the 28S sequence
retrieved from P. mcfaddenae. Based on this high sequence similarity and the similar collection depths of the eDNA
sample and holotype/paratypes, we infer that these detections in eDNA at Bright Bank plausibly represent the
presence of P. mcfaddenae. Thus, the range of P. mcfaddenae likely extends across the northern GoM at least from
the Pinnacle Trend in the east to the Flower Garden Banks National Marine Sanctuary in the west. These eDNA
results underscore the exploratory potential of eDNA sequencing and the importance of building complete, regional
reference databases from vouchered collections for accurate biodiversity detection in eDNA samples.

NEW MESOPHOTIC SOFT CORAL SPECIES Zootaxa 5601 (3) © 2025 Magnolia Press - 553



Acknowledgements

We thank C. Breusing for DNA library preparation and providing an initial assembly of the mitogenome. We also
thank S. Herrera, K. Benson, and S. Tweedt for project support. S. Vohsen, N. Ramos, S. Harter, and R. Clark for
support at sea. J. Horowitz for helpful suggestions and H. Shull and S. Bryant for museum collections support.
We thank R. Cordeiro for thoughtful discussions on octocoral morphology. The MDBC program managers and
S. Cairns provided helpful reviews of our manuscript. Finally, we thank the crews of the NOAA Ship Pisces and
the ROV Mohawk. The ROV Mohawk is owned by the National Marine Sanctuary Foundation and is operated
by the University of North Carolina Wilmington Undersea Vehicles Program. Molecular work on new specimens
was undertaken at the Laboratories of Analytical Biology (LAB) at the NMNH. The computations in this paper
were conducted on the Smithsonian High-Performance Cluster (SI/HPC), Smithsonian Institution (see https://doi.
org/10.25572/SIHPC). All imaging was conducted at the Scientific Imaging Lab at the NMNH.

Data availability

Mitogenomes (PQ009932, PQ009933) and 28S (PQ201879) are available on NCBI’s Genbank. Raw read data
were uploaded to the Sequence Read Archive under PRINA1149763 and under the umbrella Mesophotic and
Deep Benthic Community restoration project PRINA1135238. Specimens are housed at the Smithsonian National
Museum of Natural History.

Funding

Funding for the specimen collection and data analysis were provided by the Open Ocean Trustee Implementation
Group to restore natural resources injured by the 2010 Deepwater Horizon oil spill in the Gulf of Mexico. eDNA
sampling and sequencing was supported by NOAA’s National Centers for Coastal Ocean Science, Competitive
Research Program, and the Office of Ocean Exploration and Research, under awards NA18NOS4780166 and
NA180AR0110289.

References

Bankevich, A., Nurk, S., Antipov, D., Gurevich, A.A., Dvorkin, M., Kulikov, A.S., Lesin, V.M., Nikolenko, S.I., Pham, S.,
Prjibelski, A.D. & Pyshkin, A.V. (2012) SPAdes: a new genome assembly algorithm and its applications to single-cell
sequencing. Journal of Computational Biology, 19 (5), 455-477.
https://doi.org/10.1089/cmb.2012.0021

Benayahu, Y. & Schleyer, M.H. (1995) Corals of the south-west Indian Ocean. II. Eleutherobia aurea spec. nov. (Cnidaria,
Alcyonacea) from the deep reefs of the KwaZulu-Natal coast, South Africa. Oceanographic Research Institute Investigational
Reports, 68, 1-12.
https://doi.org/10.1080/02325283.1995.9678302

Bolger, A.M., Lohse, M. & Usadel, B. (2014) Trimmomatic: a flexible trimmer for Illumina sequence data. Bioinformatics, 30
(15), 2114-2120.
https://doi.org/10.1093/bioinformatics/btul70

Breedy, O., van Ofwegen, L.P. & Vargas, S. (2012) A new family of soft corals (Anthozoa, Octocorallia, Alcyonacea) from the
aphotic tropical eastern Pacific waters revealed by integrative taxonomy. Systematics and Biodiversity, 10 (3), 351-359.
https://doi.org/10.1080/14772000.2012.707694

Brockman, S.A. & McFadden, C.S. (2012) The mitochondrial genome of Paraminabea aldersladei (Cnidaria: Anthozoa:
Octocorallia) supports intramolecular recombination as the primary mechanism of gene rearrangement in octocoral
mitochondrial genomes. Genome Biology and Evolution, 4(9), 994—1006.
https://doi.org/10.1093/gbe/evs074

Brooke, S., Demopoulos, A., Roberts, H., Lunden, J., Sutton, T. & Davies, A. (2023) Cold-Water Corals of the World: Gulf of
Mexico. In: Cordes, E.E. & Mienis, F. (Eds.), Cold-Water Coral Reefs of the World, pp. 51-90.
https://doi.org/10.1007/978-3-031-40897-7 3

Bryce, M., Poliseno, A., Alderslade, P. & Vargas, S. (2015) Digitate and capitate soft corals (Cnidaria: Octocorallia: Alcyoniidae)
from Western Australia with reports on new species and new Australian geographical records. Zootaxa, 3963 (2), 160—

554 - Zootaxa 5601 (3) © 2025 Magnolia Press QUATTRINI ET AL.


https://doi.org/10.25572/SIHPC
https://doi.org/10.25572/SIHPC

200.
https://doi.org/10.11646/zootaxa.3963.2.2

Cairns, S.D. & Bayer, F.M. (2009) Octocorallia (Cnidaria) of the Gulf of Mexico. /n: Felder, D.L. & Camp, D.K. (Eds.), Gulf
of Mexico-Origins, Waters, and Biota. Vol. 1. Biodiversity. Texas A&M University Press, College Station, Texas, pp. 321—
331.

de Carvalho-Junior, L., Neves, L.M., Teixeira-Neves, T.P. & Cardoso, S.J. (2023) Long-term changes in benthic communities
following the invasion by an alien octocoral in the Southwest Atlantic, Brazil. Marine Pollution Bulletin, 186, 114386.
https://doi.org/10.1016/j.marpolbul.2022.114386

Chen, S., Zhou, Y., Chen, Y. & Gu, J. (2018) fastp: an ultra-fast all-in-one FASTQ preprocessor. Bioinformatics, 34 (17),
1884-1890.
https://doi.org/10.1093/bioinformatics/bty560

Dautova, T.N. & Savinkin, O.V. (2009) New data on soft corals (Cnidaria: Octocorallia: Alcyonacea) from Nha Trang Bay,
South China Sea. Zootaxa, 2027 (1), 1-27.
https://doi.org/10.11646/zootaxa.2027.1.1

DeLeo, D.M., Bessho-Uehara, M., Haddock, S.H., McFadden, C.S. & Quattrini, A.M. (2024) Evolution of bioluminescence in
Anthozoa with emphasis on Octocorallia. Proceedings of the Royal Society B, 291 (2021), 20232626.
https://doi.org/10.1098/rspb.2023.2626

Dierckxsens, N., Mardulyn, P. & Smits, G. (2017) NOVOPlasty: de novo assembly of organelle genomes from whole genome
data. Nucleic Acids Research, 45 (4), el8.
https://doi.org/10.1093/nar/gkw955

Donath, A., Jihling, F., Al-Arab, M., Bernhart, S.H., Reinhardt, F., Stadler, P.F., Middendorf, M. & Bernt, M. (2019) Improved
annotation of protein-coding genes boundaries in metazoan mitochondrial genomes. Nucleic Acids Research, 47 (20),
10543-10552.
https://doi.org/10.1093/nar/gkz833

Etsebeth, K.L. (2018) 4 Genetic Approach to the Biodiversity of Shallow Water Alcyonacea in South Africa. Doctoral dissertation,
University of KwaZulu-Natal, Westville, pp 217.

Etnoyer, P.J., Wickes, L.N., Silva, M., Dubick, J.D., Balthis, L., Salgado, E. & MacDonald, I.R. (2016) Decline in condition
of gorgonian octocorals on mesophotic reefs in the northern Gulf of Mexico: before and after the Deepwater Horizon oil
spill. Coral Reefs, 35, 77-90.
https://doi.org/10.1007/s00338-015-1363-2

GEBCO Compilation Group (2023) GEBCO_2023 Grid.
https://doi.org/10.5285/f98b053b-0cbc-6¢23-e053-6c86abcOaf7b

Gray, J.E. (1835) Characters of a new genus of Corals (Nidalia). Proceedings of the Zoological Society, London, 3, 59—60.

Gray, J.E. (1862) Description of some new species of Spoggodes and a new allied genus (Morchellana) in the collection of the
British Museum. Annals and Magazine of Natural History, 10, 69-73.

Gray, J.E. (1869) Notes on the fleshy alcyonoid corals (4lcyonium, Linn., or Zoophytaria carnosa). Annals and Magazine of
Natural History, Series 4,3 (13-18), 117-131.
https://doi.org/10.1080/00222936908695893

Hoang, D.T., Chernomor, O., Von Haeseler, A., Minh, B.Q. & Vinh, L.S. (2018) UFBoot2: improving the ultrafast bootstrap
approximation. Molecular Biology and Evolution, 35 (2), 518-522.
https://doi.org/10.1093/molbev/msx281

Hourigan, T.F., Etnoyer, P.J. & Cairns, S.D. (2017) The State of Deep-Sea Coral and Sponge Ecosystems of the United States.
NOAA technical memorandum NMFS-OHC-4. NOAA, Silver Spring, Maryland, 467 pp.

Kalyaanamoorthy, S., Minh, B.Q., Wong, T.K., Von Haeseler, A. & Jermiin, L.S. (2017) ModelFinder: fast model selection for
accurate phylogenetic estimates. Nature Methods, 14 (6), 587-589.
https://doi.org/10.1038/nmeth.4285

Katoh, K., Kuma, K.I., Toh, H. & Miyata, T. (2005) MAFFT version 5: improvement in accuracy of multiple sequence
alignment. Nucleic Acids Research, 33 (2), 511-518.
https://doi.org/10.1093/nar/gki198

Lolis, L.A., Miranda, R.J. & Barros, F. (2023) The effects of an invasive soft coral on the structure of native benthic
communities. Marine Environmental Research, 183, 105802.
https://doi.org/10.1016/j.marenvres.2022.105802

Kolliker, A. (1875) Die Pennatulide Umbellula und zwei neue Typen der Alcyonarien. Festschrift zur Feier des
flinfundzwanzigjihrigen Bestehens der Physicalisch-Medizinischen Gesellschaft in Wiirzburg, 1875, 1-23, pls. 1-2.

Kiikenthal, W. (1905) Versuch einer Revision der Alcyonarien. II. Die Familie der Nephthyiden. 2. Teil. Die Gattungen
Dendronephthya n.g. und Stereonephthya n.g. Zoologische Jahrbiicher, 21, 503—726, pls. 26-32.

Kiikenthal, W. (1906) Alcyonacea. Wissenschaftliche Ergebnisse der Deutschen Tiefsee-Expedition auf dem Dampfer “Valdivia”,
1898-1899, 13, 1-111, pls. 1-12.
https://doi.org/10.5962/bhl.title.82676

Lamouroux, J.V.F. (1812) Extrait d’un mémoire sur la classification des polypiers coralligénes non enti¢rement pierreux. Nouveau
Bulletin des Sciences, par la Société Philomatique, 3, 181—188.

NEW MESOPHOTIC SOFT CORAL SPECIES Zootaxa 5601 (3) © 2025 Magnolia Press - 555


https://doi.org/10.5285/f98b053b-0cbc-6c23-e053-6c86abc0af7b

McCartin, L., Saso, E., Vohsen, S.A., Pittoors, N., Demetriades, P., McFadden, C.S., Quattrini, A.M. & Herrera, S. (2024)
Nuclear eDNA metabarcoding primers for anthozoan coral biodiversity assessment. Peer.J, 12, e18607.
https://doi.org/10.7717/peerj.18607

McFadden, C.S., France, S.C., Sanchez, J.A. & Alderslade, P. (2006) A molecular phylogenetic analysis of the Octocorallia
(Cnidaria: Anthozoa) based on mitochondrial protein-coding sequences. Molecular Phylogenetics and Evolution, 41 (3),
513-527.
https://doi.org/10.1016/j.ympev.2006.06.010

McFadden, C.S. & van Ofwegen, L. P. (2012) Stoloniferous octocorals (Anthozoa, Octocorallia) from South Africa,
with descriptions of a new family of Alcyonacea, a new genus of Clavulariidae, and a new species of Cornularia
(Cornulariidae). Invertebrate Systematics, 26 (4), 331-356.
https://doi.org/10.1071/1S12035

McFadden, C.S. & van Ofwegen, L.P. (2013) Molecular phylogenetic evidence supports a new family of octocorals and a new
genus of Alcyoniidae (Octocorallia, Alcyonacea). ZooKeys, 346, 59-83.
https://doi.org/10.3897/zookeys.346.6270

McFadden, C.S., van Ofwegen, L.P. & Quattrini, A.M. (2022) Revisionary systematics of Octocorallia (Cnidaria: Anthozoa)
guided by phylogenomics. Bulletin of the Society of Systematic Biologists, 1 (3). [published online]
https://doi.org/10.18061/bssb.v1i3.8735

Minh, B.Q., Schmidt, H.A., Chernomor, O., Schrempf, D., Woodhams, M.D., Von Haeseler, A. & Lanfear, R. (2020) IQ-TREE
2: new models and efficient methods for phylogenetic inference in the genomic era. Molecular Biology and Evolution, 37
(5), 1530-1534.
https://doi.org/10.1093/molbev/msaa015

Muthye, V., Mackereth, C.D., Stewart, J.B. & Lavrov, D.V. (2022) Large dataset of octocoral mitochondrial genomes provides
new insights into mz¢-mutS evolution and function. DNA Repair, 110, 103273.
https://doi.org/10.1016/j.dnarep.2022.103273

OOTIG (2019) Deepwater Horizon Oil Spill Natural Resource Damage Assessment, Open Ocean Trustee Implementation
Group, Final Restoration Plan 2/Environmental Assessment: Fish, Sea Turtles, Marine Mammals, and Mesophotic and
Deep Benthic Communities. Open Ocean Trustee Implementation Group, Honolulu, 438 pp.

QGIS.org (2023) QGIS Geographic Information System Version 3.32. Open-Source Geospatial Foundation Project. Available
from: http://qgis.org (accessed 18 February 2025)

Quattrini, A.M., McCartin, L.J., Easton, E.E., Horowitz, J., Wirshing, H.H., Bowers, H., Mitchell, K., Gonzalez-Garcia, M.D.P.,
Sei, M, McFadden, C.S. & Herrera, S. (2024) Skimming genomes for systematics and DNA barcodes of corals. Ecology
and Evolution, 14 (5), e11254.
https://doi.org/10.1002/ece3.11254

Rossi, S., Bramanti, L., Gori, A. & Orejas, C. (2017) Animal forests of the world: an overview. /n: Rossi, S., Bramanti, L., Gori,
A. & Orejas, C. (Eds.), Marine animal forests: the ecology of benthic biodiversity hotspots. Springer, Cham, pp 1-28.
https://doi.org/10.1007/978-3-319-21012-4 1

Ryan, W. B. ., Carbotte, S.M., Coplan, J., O'Hara, S., Melkonian, A., Arko, R., Weissel, R.A., Ferrini, V., Goodwillie, A., Nitsche,
F., Bonczkowski, J. & Zemsky, R. (2009) Global Multi-Resolution Topography (GMRT) synthesis data set. Geochemistry,
Geophysics, Geosystems, 10 (3), Q03014.
https://doi.org/10.1029/2008GC002332

Silva, M., Etnoyer, P.J. & MacDonald, I.R. (2016) Coral injuries observed at mesophotic reefs after the Deepwater Horizon oil
discharge. Deep Sea Research Part II: Topical Studies in Oceanography, 129, 96-107.
https://doi.org/10.1016/j.dsr2.2015.05.013

Studer, T. (1887) Versuch eines Systemes der Alcyonaria. Archiv fiir Naturgeschichte, 53 (1), 1-74.

Thomson, J.S. (1910) The Alcyonaria of the Cape of Good Hope and Natal. Alcyonacea. Transactions of the Royal Society of
Edinburgh, 47 (3), 549-589, pls. 1-4.
https://doi.org/10.1017/S0080456800005032

Thomson, J.A. & Dean, L.M.I. (1931) The Alcyonacea of the Siboga expedition with an addendum to the Gorgonacea. Siboga
Expeditie, X111d, 1-227, pls. 1-28.

Tixier-Durivault, A. & d'Hondt, M.J. (1974) Les octocoralliaires de la campagne Biacores. Bulletin de la Museum Nationale
d’Histoire Naturelle Paris, Series 3, 252, 1361-1433.
https://doi.org/10.5962/p.278943

Toledo-Rodriguez, D.A., Veglia, A., Marrero, N.M.J., Gomez-Samot, J.M., McFadden, C.S., Weil, E. & Schizas, N.V. (2024)
Shadows over Caribbean reefs: Identification of a new invasive soft coral species, Xenia umbellata, in southwest Puerto
Rico. bioRxiv. [published online]
https://doi.org/10.1101/2024.05.07.592775

Utinomi, H. (1957) The alcyonarian genus Bellonella from Japan, with descriptions of two new species. Publications of the Seto
Marine Biological Laboratory, 6 (2), 147-168, pls. 9—-10.
https://doi.org/10.5134/174581

Utinomi, H. (1961) A revision of the nomenclature of the family Nephtheidae (Octocorallia: Alcyonacea). II. The boreal genera
Gersemia, Duva, Drifa and Pseudodrifa (n.g.). Publications of the Seto Marine Biological Laboratory, 1X(1), 229-246,

556 - Zootaxa 5601 (3) © 2025 Magnolia Press QUATTRINI ET AL.



pl. XI.
https://doi.org/10.5134/174655

Verrill, A.E. (1878) Art. 46. Notice of recent additions to the marine fauna of the eastern coast of North America, No. 2. American
Journal of Science and Arts, 16 (95), 371-378.
https://doi.org/10.2475/ajs.s3-16.95.371

Versluys, J. (1906) Bathyalcyon robustum nov. gen. nov. spec. Ein neuer Alcyonarier der Siboga-Sammlung. Zoologischer
Anzeiger, 30, 549-553.

Williams, G.C. & Alderslade, P. (1999) Revisionary systematics of the Western Pacific soft coral genus Minabea (Octocorallia:
Alcyoniidae), with descriptions of a related new genus and species from the Indo-Pacific. Proceedings of the California
Academy of Sciences, 51 (7), 337-364.

Williams, G.C. (2000) Two new genera of soft corals (Anthozoa: Alcyoniidae) from South Africa, with a discussion of diversity
and endemism in the southern African octocorallian fauna. Proceedings of the California Academy of Sciences, 52 (6),
65-75.

WoRMS Editorial Board (2016) World Register of Marine Species. VLIZ. Available from: http://www.marinespecies.
org (accessed 18 August 2024)
https://doi.org/10.14284/170

Supplementary Materials. The following supporting information can be downloaded at the DOI landing page of
this paper:

Supplemental File 1. Mitochondrial MutS alignment for the Parasphaerasclera included in the study.
Supplemental File 2. 28S rDNA alignment for the Parasphaerasclera included in the study.

Supplemental Figure 1. Images of Parasphaerasclera mcfaddenae sp. nov. paratypes

Supplemental Figure 2. Image of Parasphaerascerla mcfaddenae sp. nov. cross section of holotype

Supplemental Figure 3. Maximum likelihood tree of Octocorallia based on an alignment of 28S rDNA (551 bp).
Ultrafast bootstrap supports are included. The order Scleralcyonacea is rooted to the order Malacalcyonacea. Some

nodes are collapsed.

Supplemental Table 1. Properties of the mitogenome of Parasphaerasclera mcfaddenae sp. nov. Negative numbers
represent overlaps between genes.

NEW MESOPHOTIC SOFT CORAL SPECIES Zootaxa 5601 (3) © 2025 Magnolia Press - 557


http://www.marinespecies.org
http://www.marinespecies.org

