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Abstract

Exploration of the deep sea off the Pacific margin of Costa Rica has resulted in the discovery of a number of new species
and reports for the region. Here, we report on the occurrence of the octocoral genus Swiftia, and describe a new species
collected by the A/vin submersible off the Pacific coast of Costa Rica. The new species has been observed at around 1000
m depth, growing on authigenic carbonates near methane seeps. Swiftia sahlingi sp. nov. is characterised by having bright
red colonies that are with limited branching, with slightly raised polyp-mounds, thin coenenchyme mainly composed of
long warty spindles, and conspicuous plates. A molecular phylogenetic analysis supports the differences between this new
taxon and the closest Swiftia species. The new species represents the first record of the genus from Costa Rica and in fact
for the Eastern Tropical Pacific.
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Introduction

The Pacific margin of Costa Rica has been explored a number of times since the late 1990s and early 2000s, mainly
with a chemical and geophysical focus, and over 100 fluid seeps have been reported in the area (Sahling et a/. 2008).
In 2009 and 2010, studies began on the biota and microbiological processes at some of those cold methane seeps
and ‘hydrothermal seeps’ including the diversity of macrofauna inhabiting authigenic carbonates (Levin et al. 2012,
2015). The first species described from those expeditions was a new species of black coral, Lillipathes ritamariae
(Opresko & Breedy 2010). Also among the organisms observed and collected was an octocoral of the genus Swiftia
Duchassaing and Michelotti, 1860 (Fig. 1F in Levin et al. 2015).

In 2017, the Human Occupied Vehicle (HOV) A/vin on the RV Atlantis was used to further explore the methane
seeps and the deep-sea carbonate mounds off the Pacific coast of Costa Rica. During this expedition, the previously
noted Swiftia was commonly observed growing on authigenic carbonate ledges at depths of 996 to 1002 m at one of
the methane seep sites, called Mound 12 (Sahling ez al. 2008). Herein, we describe this species using an integrative
taxonomic approach, evaluating morphological characters and two mitochondrial genes (mtMutS and igril+COI).
We also report the occurrence of another Swiftia species found on a seamount further offshore. Swiftia sahlingi sp.
nov. represents the first species of the genus Swiftia described from Costa Rica, and the first report of the genus in
the Eastern Tropical Pacific.

Material and methods

Study Site and Collection Methods. The specimens were collected with the HOV Alvin (Fig. 1A) during the R/V
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Atlantis Expedition AT37-13, between 9961002 m, at Mound 12, approximately 50 km off the mainland on the
Pacific margin of Costa Rica (08°55.845'N, 084°18.768 "W). Mound 12 is characterized by methane seeps on the
western flank and abundant authigenic carbonate on the sides and crest of the mound. The coral colonies were pho-
tographed in situ (Figs. 2A-D), collected, and once retrieved, they were kept alive for photographs (Figs. 1A—C) and
preliminary analyses. The specimens were preserved dried and/or in 96% ethanol. The holotype and paratypes are
deposited in the Museo de Zoologia, Universidad de Costa Rica, San Jose, Costa Rica (MZUCR) and subsamples
of some specimens are housed in the Benthic Invertebrate Collection at the Scripps Institution of Oceanography, La
Jolla, California (SIO-BIC).

Morphological analysis. For microscopic study, the specimens were prepared according to Breedy and Guzman
(2002) and observed using optical and scanning electron microscopy (Olympus LX 51 and Hitachi N-3700) at the
Research Center of Microscopic Structures (CIEMic) of the University of Costa Rica (UCR). Optical micrographs
of unsorted samples of sclerites were presented for color observation and relative abundance. Electron micrographs
of the sclerites show sculptural details. The taxonomic evaluation was based on Nutting (1909), Deichmann (1936),
Madsen (1970), Breedy et al. (2015) and Williams and Breedy (2016). The terminology used in descriptions mostly
follows Bayer et al. (1983).

DNA sequence acquisition and phylogenetic analysis. Subsamples were taken from each specimen at sea and
stored in 95% EtOH. Total genomic DNA (gDNA) was extracted from tissue samples (3—6 polyps, size dependent)
using Qiagen DNeasy Blood & Tissue Kit, according to the manufacturer’s protocol. Two mitochondrial gene frag-
ments (COI, ~900bp; MutS, ~700bp) were amplified using standard PCR protocols and sequenced. For COI ampli-
fication, primers COII8068xF (McFadden et al. 2004) and COIOCTr (France & Hoover, 2002) were used to amplify
a fragment encompassing the ‘Folmer region’ of COI and part of the adjacent intergenic region (igrl). For MutS,
the primers ND42599F (France and Hoover, 2002) and MUT3458R (Sanchez et al. 2003) were used. PCR reactions
were carried out in 25ul reactions containing 2.5 ul 10X Econo Taq Buffer, 2 ul MgCl, (25 nM), 1 ul BSA, 2.5 ul
dNTPs (10 uM), 1 pl per primer (10 uM), 0.25 pl Econo Taq polymerase, 1-3 pl gDNA and 13.75 pl molecular
grade water. COI and MutS polymerase chain reaction (PCR) were run using an Eppendorf Mastercycler with an
initial denaturation step of 94°C for 5 minutes and a final extension at 72°C for 10 minutes, under the following
conditions, respectively: 32 x (94°C:30 s; 60°C:90 s; 72°C:60 s); 32 x (94°C: 30 s; 51°C:45 s; 72°C:60 s). Negative
controls were included in each PCR to check for contamination. PCR products were resolved on a 1.5% agarose gel
stained with SYBR safe DNA gel stain. Amplified products were cleaned and sequenced in an automated sequencer
by Genewiz (South Plainfield, NJ).

The COI and MutS sequences were aligned in BioEdit (Hall, 1999) against other Swiftia and outgroup se-
quences retrieved from the NCBI GenBank database. Outgroups were chosen based on the placement of Swiftia in
the phylogenetic analysis of Octocorallia in McFadden ez al. (2006). A maximum likelihood tree was generated in
RaXML 8 (Stamatakis, 2014) using partitioned gene fragments and the GTR+G+I substitution model and support
as assessed via 1000 thorough bootstrap pseudoreplicates. Bayesian analyses were also performed using the Beast2
program package (Bouckaert e al. 2014) where the HKY site model (based on JModeltest2; Darriba et al. 2012)
was used. Sequences were partitioned and three separate MCMC analyses with 10 million generations were run,
the output of which were checked in Tracer (Rambaut et a/, 2018) for convergence and stationarity. A majority rule
consensus tree was generated using TreeAnnotator from the Beast2 package and visualized in FigTree v1.4.3 along
with posterior probabilities.

Results
Systematics
Subclass Octocorallia

Order Alcyonacea Lamouroux, 1816

Family Plexauridae Gray, 1859
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Swiftia Duchassaing & Michelotti, 1864

Swiftia Duchassaing & Michelotti, 1864:13; Kiikenthal, 1924: 236; Deichmann, 1936: 185-186; Bayer, 1956: F206; Bayer,
1981: 945; Harden, 1979: 109-110; Breedy, et al., 2015: 329; Williams & Breedy, 2016: 3.

Stenogorgia Verrill, 1883: 29 (see Kiikenthal, 1924: 347 for Stenogorgia synonymy).

Platycaulos Wright & Studer, 1889: 61: Bayer, 1981: 945.

Callistephanus Wright & Studer, 1889: 62: Bayer, 1981: 945.

Allogorgia Verrill, 1928: 7; Bayer, 1981: 945.

Diagnosis (modified from Breedy et al. 2015, Williams & Breedy 2016). Growth form variable, whip-like, fan-like
or bushy. Colonies branching in one or several planes, lateral, fan-like, dichotomous, pinnate-like, or unbranched.
Branches mostly free or with some anastomoses. Axis horny with non-mineralised organic fibers filling the axial
chambers. Polyp mounds low-rounded to cylindrical or conical, slightly raised to prominent, scattered, or crowded,
usually biserial or present on all sides of polyp-bearing branches, giving, in some cases, a zigzag outline charac-
teristic of some Swiftia colonies. Coenenchyme usually thin. Coenenchymal sclerites mostly capstans and spindles
many of which are modified to a lesser or greater degree as discs, eight-radiates, and irregular spindles. Wart clubs
and/or plates present in some species. Anthocodiae with point arrangements of straight to curved bar-like rods, and
frequently elongate tuberculated spindles and warty clubs. Collaret absent or of a few bar-like rods transversely ar-
ranged. Polyp-neck zone nude or with plates or scales. Colour of the colonies red, orange, pink or white.

Type species: Swiftia exserta (Ellis & Solander, 1786)

Distribution. The genus has been reported for the western and northeast Atlantic, Indo-Pacific, and in the Pa-
cific from Californian and northern Patagonia in the Magellanic Province, Chile, and from the Gulf of Alaska and
Aleutian Islands (Breedy ef al. 2015) with about 23 species considered as valid according to the World Register of
Marine Species 2019 (WORMS).

Swiftia sahlingi sp. nov.
Figures 1-4

Material examined. Holotype: MZUCR 2725, SIO-BIC Co02917, ethanol preserved, Mound 12, 1000 m, HOV
Alvin Dive 4908, pilot Jefferson Grau, R/V Atlantis Expedition AT37-13, 23 May 2017.

Paratypes: MZUCR 1967, ethanol preserved, Mound 12, AT15-44, HOV Alvin, Dive 4501, pilot M. Spear, 1000
m, 22 February 2009. MZUCR 2726, 2 specimens, ethanol preserved, as the holotype; MZUCR 2647, 3 specimens,
ethanol preserved, as the holotype; MZUCR 2648, SIO-BIC Co02916, ethanol preserved, Mound 12, 999 m, HOV
Alvin, Dive 4907, pilot J. Patrick Hickey, 22 May 2017. MZUCR 2727, 5 specimens; MZUCR 2650 (CR-AV-4909-
4), 2 specimens; MZUCR 2730 (CR-AV-4909-5), ethanol preserved; MZUCR 2727, ethanol preserved; MZUCR
2731, fragment, ethanol preserved, Mound 12, 9961000 m, HOV A/lvin, Dive 4909, pilot Mike Skowronski, 24
May 2017. MZUCR 2732, SIO-BIC C02935, dry, Mound 12, 1002 m, HOV Alvin, Dive 4917, pilot Jefferson Grau,
1 June 2017. MZUCR 2729, 2 specimens; MZUCR 2733, SIO-BIC Co02945, 3 specimens, Mound 12, 996 m, HOV
Alvin, Dive 4922, pilot Mike Skowronski, 5 June 2017.

Type locality: Mound 12 (08°55.845'N, 084°18.768 W), 996—1002 m, Costa Rica Pacific margin.

Description. The holotype is an erect, sparsely branched colony, 9 cm tall, and about 10 cm wide (Figs. 1A,
2A). It is attached to a 15-cm long rock together with a smaller colony (7 cm tall). The two colonies are about 2.5
cm apart, and arise from incrusting holdfasts about 1 cm in diameter each (Figs. 1A, 2A-B). The main stem of the
holotype is 3 mm in diameter at the base, and extends 7 mm tall, subdividing in 4 main branches that subdivide 2—3
times, branching up to five times (Fig. 1A). Branching is lateral and irregular in different planes. The branches are
stout, and reach up to 2 mm in diameter including the polyp-mound. Unbranched terminal ends reach up to 8 cm in
length. The flexible horny axis is light brown and somewhat translucent, with non-mineralised organic fibers. The
main stem is devoid of polyps. The polyps are translucent (Figs. 1B—C), and are about 1 mm apart. Polyp mounds
are alternating, about 6 polyp mounds/cm at the end branchlets (n=8 branches) (Fig. 1A). The polyp mounds are
perpendicular to the branches, raised up to 1 mm tall (Figs. 1 B—C) and about the same in width. The anthocodiae are
preserved exsert, reaching up to 1 mm tall, and fully expanded, in life, up to 3 mm (Figs. 1B—C, 2A—C).

The coenenchyme is thin. Coenenchymal sclerites consist of long, thin, warty spindles, mostly straight, 0.26—

NEW RECORDS OF SWIFTIA FROM COSTA RICA Zootaxa 4671 (3) © 2019 Magnolia Press - 409



0.60 mm long and 0.04-0.09 mm wide (Figs. 3A, 4A). Conspicuous plates with sparse tubercular sculpture, 0.153—
0.315 mm long and 0.05-0.08 mm wide (Figs. 3A, 4C) are surrounding the polyp mound, at the neck zone of the
anthocodiae and also occur in the external layer. The sclerites in the axial sheath are mostly tuberculated spindles,
straight and curved; and immature sclerites (Figs. 3A, 4B). The anthocodial armature is arranged “en chevron”
with points consisting of bar-like rods, straight or slightly bent, 0.28—0.44 mm long, and 0.04-0.08 mm wide (Fig.
4D), warty clubs with tuberculated or bifurcated heads, 0.19-0.39 mm long, and 0.034-0.075 mm wide (Fig. 4E),
and irregular flattened rods around the peristome and along the tentacles, up to the tips, 0.10-0.19 mm long and
0.022-0.049 mm wide (Figs. 3B, 4E). Tentacular sclerites are colourless (Fig. 3B).

A

FIGURE 1. Swiftia sahlingi sp. nov. MZUCR 2725, holotype; (A) entire colony; (B) detail of branches and polyp mounds; (C)
MZUCR 2729, paratype, polyp detail; (D) Swiftia comauensis, polyp detail (photograph: Verene Haussermann).

The colour of the colony is red, and preserves the colour after fixation, sclerites are red, orange and of lighter
hues (Figs. 1A, 3A).

Variability. The paratypes are from 8 to 17 cm long (the largest MZUCR 2730). Specimens have up to 9 main
branches that subsequently subdivide up to 8 times (MZUCR 1967). Unbranched terminal ends reach up to 8.5
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cm (MZUCR 2729). Polyps are distributed as in the holotype, but more closely spaced, in some cases, i.e., 5-5.3
polyps/cm (n=20 branches); but they could be more distant at the base of the colonies, up to 2 mm apart (MZUCR
2729). Stems are normally devoid of polyps. In some cases, the lateral branches of neighbouring colonies could
stick together forming a lose braid (e.g. MZUCR 1967, MZUCR 2650). The sclerite types, colours and sizes of the
paratypes are similar to those of the holotype.

Habitat. The species was found living in dense clusters on top of flat authigenic carbonate ledges (Figs. 2A-D).
Many of the observed and collected colonies were close to active methane seepage, and a colony was even observed
on a tube of the polychaete Lamellibrachia (Siboglinidae). Nearby the collection location were clusters of mussels
(Bathymodiolus spp.), bacterial mats and branching Foraminifera.

Etymology. The species is named in memory of Heiko Sahling, a distinguished marine geologist who discov-
ered and named Mound 12, the type locality of the new species.

FIGURE 2. Swiftia sahlingi sp. nov. (A) MZUCR 2725, holotype; (B—D) colonies in situ, at the type locality, Mound 12.

Swiftia sp.

Material examined. MZUCR 2772, AD 4927-1, SIO-BIC C02969, ethanol preserved, Seamount 1, 2270 m, HOV
Alvin, Dive 4927, pilot Jefferson Grau, 10 June 2017. MZUCR 2773, SIO-BIC C03046, ethanol preserved, Sea-
mount 1, 2089 m, HOV Alvin, Dive 4983, pilot Jefferson Grau, 29 October 2018.

Diagnosis. Colony subflabellete, branching irregularly pinnate and in one plane. Main stem up to 2.8 mm,
branchlets thin, 0.5-1.7 mm in diameter. Coenenchyme thin, with predominance of spindles in outer layer. Spindles
with scarce warts and ornamentation, up to 0.18 mm long, and tubercularte radiates up to 0.12 mm long. Polyp
mounds prominent, 1.5-2.23 mm tall, and 1.5-2 mm wide and well spaced, about 4-5 polyps/cm. Anthocodial ar-
mature strong, ‘en chevron” with bar-like rods, up to 0.2 mm long, and with warty clubs up to 0.12 mm long.

Sclerites colour pale orange. Colony colour brownish red.
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Remarks. The phylogeny shows that this species matches sequences from GenBank for what is called S. sim-

plex from the NE Pacific (Everett et al. 2016). However, the morphology does not match S. simplex sensu Nutting
1909 (Breedy pers. obs). Therefore, further work is needed on the NE Pacific Swiftia species to resolve this problem
and we leave the specimen simply as Swiftia sp.

FIGURE 3. Swiftia sahlingi sp. nov., MZUCR 2725 (holotype). (A—C) coenenchymal sclerites; (D) tentacular rods (optic
micrographs).

Key to Swiftia species reported from California, USA to Chile
(based on Nutting 1909, Breedy et al. 2015, Williams and Breedy 2016)

la.
1b.
2a.

2b.
3a.
3b.
4a.
4b.
Sa.

5b.

Colony unbranched (flagelliform, whip-like) or Y—shaped . ... ... ... .. 2
Colony multiple-branched . . . ... ... 3
Colony white; polyp mounds low (less than 1 mm tall), wider than tall; coenenchymal sclerites without plates ............
................................................................. S. farallonesica Williams and Breedy, 2016
Colony pink; polyp mounds slightly raised (more than 1 mm tall), taller than wide; coenenchymal sclerites with plates .. ...
............................................................................... S. simplex (Nutting, 1909)

Colony flabellate, densely branched . . ... ... .. ... e 4
Colony sparsely branched . .. ... ... 6
Colony irregularly pinnate; polyp-mounds prominent (more than 1.5 mm tall) and sparsely spaced (more than 2 mm) .. ... 5

Colony mostly dichotomous; polyp-mounds slightly raised (less than 1.5 mm tall) and closely spaced (less than 1.5 mm) ...
............................................................................. S. spauldingi (Nutting, 1909)
Colony red with deep-red polyp mounds; branches not anastomosing, branching irregularly pinnate, polyp mounds more than
25 MM APATT o oottt e e e e e e e e e e e e S. kofoidi (Nutting, 1909)
Colony dark purplish red; branches frequently anastomosing in a lose reticulation, polyp-mounds less than 2.5 mm apart . ..
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................................................................................ S. torreyi (Nutting, 1909)

6a. Branches dropping and flexible, anthocodiae with naked neck zone; outer coenenchyme and polyp-mound rims without plates,
mostly composed of spindles . . ... S. comauensis Breedy et al., 2015
6b. Branches stout, anthocodiae with plates at neck zone; outer coenenchyme and polyp-mound rim with plates and spindles . . .

..................................................................................... S. sahlingi sp. nov.

FIGURE 4. Swiftia sahlingi sp. nov., MZUCR 2725 (holotype) SEM micrographs. (A) spindles; (B) spindles and radiates; (C)
plates; (D) points sclerites; (E) warty clubs; (F) polyp rods.

Species comparison. Swiftia is currently placed in the octocoral family Plexauridae (Williams and Cairns 2015,
Williams and Breedy 2016). Differences among S. sahlingi sp. nov. and the former described species appear in the
Key of Swiftia species above. Swiftia simplex and S. farallonesica are usually unbranched or with a few branches
forming Y-shaped colonies; S. farallonesica is white and with low polyp-mounds, 0.8—1 mm tall, and about 2 mm
wide (Williams and Breedy 2016); S. simplex is of a light pink colour and slightly raised polyp-mounds, about 1 mm
(Nutting 1909) taller than wider; while S. sahlingi sp. nov. is of a bright red colour, branches several times, and the
polyp mounds are about 1 mm tall and of about the same in width. Swiftia spauldingi is a bright red colony, similar
to S. sahlingi sp. nov. but it has a mostly dichotomous branching pattern and slightly raised and closely placed polyp
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mounds, different from the new species. Swiftia torreyi and S. kofoidi are red flabellate colonies, with prominent
polyp-mounds, taller and more separated distributed than the ones in S. sahlingi sp. nov. Swiftia torreyi has char-
acteristically dense anastomosing branches, relative to other species in the genus, forming a loose net-like colony,
which is different from the sparse, ascending branching pattern of the new species. Swiftia kofoidi and S. torreyi lack
the characteristic plates in the polyp-mound rims and outer coenenchyme of S. sahlingi sp. nov. Swiftia comauensis,
with a sparse branching colony, is the most similar species morphologically (Breedy ef al. 2015), but the S. sahlingi
sp. nov. colony form is stouter and more ramified than in the former. The structure of the anthocodiae is different,
being weaker in the S. comauensis, which has an almost naked neck zone (Figs. 1B—D). Sclerites differ in types and
relative abundances, but differ little in size, with the main difference being the absence of plates in coenenchyme
and anthocodiae of S. comauensis. Colonies and sclerites are red in both species, but brighter in the new one.

Phylogenetic relationships. Mitochondrial DNA sequences were successfully obtained from 16 individuals
identified as Swiftia. PCR and sequencing yielded ~890 bp fragments of COI and ~670 bp fragments of MutS for in-
dividuals from both locations: 15 for Mount 12 and one from Seamount 1 (see Table 1 for accession numbers). There
was no intraspecific sequence variation observed in the COI or MutS fragments among any of the 15 specimens of
Swiftia sahlingi sp. nov. sequenced. However, the single specimen collected from Seamount 1 showed marked dif-
ferences in both loci from Swiftia sahlingi sp. nov. The Swiftia sp. specimen from Seamount 1 was 1.1% divergent
on COI and 2.4% on MutS (uncorrected pairwise distance) from Swifitia sahlingi n. sp. It was the sister taxon a Swif-
tia ‘simplex’ terminal from the NE Pacific (Fig. 5) and these likely represent the same species (not S. simplex) with
less than 0.2% on both COI and MutS distance between them. Swifitia sahlingi n. sp., was 1.2% and 3.1% divergent
respectively from its sister taxon S. spauldingi (Fig. 5). This specimen also showed morphological differences with
S. sahlingi sp. nov. and other previously described species within this genus. Phylogenetic results using Bayesian
and ML methods produced similar topologies, but only the ML result is shown here (Fig. 5). Swiftia was recovered
as a clade in both analyses with reasonable support. Swiftia sahlingi sp. nov. was found to be the sister taxon to S.
spauldingi in each analysis. However, the support values for this relationship were low. The second specimen type
from Seamount 1 was recovered, with high support from both methods, as a sister taxon to specimens referred to as
Swiftia simplex from the NE Pacific (Everett et al. 2016). However, this species likely needs to be revised as current
descriptions vary considerably (Cairns et al. 2017).

TABLE 1. DNA sequences from GenBank used in assessing the placement of Swiftia specimens collected from Costa
Rica. Sequences in bold are new.

Species Col MUTS
Swiftia pallida FJ264905 KC984598
Swiftia pacifica KF874210 MF319963
Swiftia spaudingi KF874183 MF319940
Swiftia koreni KC984632 KC984596
Swiftia exserta KC984618 KC984582
Swiftia kofoidi KX904960 MF319961
Swiftia simplex KX904978 MF319965
Swiftia sahlingi sp. nov. MK775491 MK775493
*Swiftia sp. MK775492 MK775494
OUTGROUPS

Leptogorgia virgulata MH235899 AY 126418
Plexaurella nutans GQ342451 HG917026
Pacifigorgia stenobrochis HG917078 HG917026

(*) This specimen matches the sequences of the species reported in the GenBank as Swiftia simplex (KX904978 and
MF319965) but because the taxonomic status of S. simplex needs revision, we keep the species as Swiftia sp. (MK775492
and MK775494).

Geographic distribution. Swiftia has not been reported from the Eastern Pacific in the area between Baja Cali-
fornia and Peru, but is known from California to the north and from the Chilean fjords to the south (Table 2). Swiftia
comauensis Breedy et al., 2015, is known from Chile, while Swiftia kofoidi (Nutting, 1909), Swiftia spauldingi
(Nutting, 1909), Swiftia simplex (Nutting, 1909), Swiftia torreyi (Nutting, 1909) and Swiftia farallonesica Williams
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& Breedy, 2016 are known from California, USA. Most of the species were collected in shallow waters (Table 2),
with the exception of S. forreyi, S. simplex and the new species (Table 2) (Nutting 1909, Williams and Breedy 2016).
However, the geographic distribution and depth range of the genus as a whole needs to be revised because many of
the museum specimens that have been identified as Swiftia belong to other genera (Breedy pers. obs.).

TABLE 2. Geographic distribution and bathymetry of the Swiftia species reported from California, USA to Chile (After
Nutting 1909, Breedy et al. 2015, Williams & Breedy 2016).

Species Location Depth (m)

S. farallonesica Greater Farallones, National Marine Sanctuary, off Bodega Bay 181-190

S. simplex Channel Islands, Santa Barbara, Santa Cruz 817-933

S. spauldingi Monterey Bay no data

S. torreyi Monterey Bay 48-1942

S. kofoidi Monterey Bay 110-135

S. comauensis Comau Fjord, Chilean fjords 15-59

S. sahling sp. nov. Costa Rica Pacific margin 996-1002
Conclusion

Morphological characters of gorgonians, growth form of the colony, axial structure, size and arrangements of pol-
yps, size, shape, and arrangement of sclerites must be considered together in establishing taxonomic boundaries of
species (Bayer 1991). In this sense, S. sahingi sp. nov. showed clear differences with the most closely related spe-
cies, and therefore should be considered as a separate taxon. In some cases, the application of these morphological
characters, especially in problematic groups, involves the analysis of large suites of specimens in order to obtain
reliable results. Deep-water octocorals are difficult to obtain and in some cases only few fragments of species are
available for taxonomists.

The identification of octocorals is increasingly facilitated by the use of molecular tools, such as DNA barcod-
ing (McFadden et al. 2014, Herbert et al. 2003). In some cases, the application of sequence data can resolve cryptic
species, and assist with the discovery of new species (DeSalle et al. 2005, Rubinoff et al. 2006, Will et al. 2005).
Within Octocorallia, many phylogenetic relationships remain unresolved and our general taxonomic understanding
remains relatively poor. Many deep-sea species are yet to be described and those that have been will likely need
revisions, consequently an integrative approach utilizing morphological and phylogenetic data is essential (McFad-
den et al. 2006). In our phylogenetic analyses, both ML and Bayesian trees gave very similar results, placing S.
sahlingi sp. nov. as a sister taxon to S. spauldingi, however, this relationship was not well supported. There are 21
accepted species of Swiffia in addition to S. sahlingi sp. nov., but there is sequence data in Genbank for only seven
of these species (Table 1). Until sequences for additional species are available, the relationships within Swiftia and
even its monophyly, as shown in Figure 5, must be regarded as preliminary. Furthermore, it is known that mito-
chondrial genomes in deep-sea octocorals have slow evolutionary rates compared to those of other taxa (Shearer et
al. 2002). This is most likely due to the efficiency of the mismatch repair gene mtMutS (Bilewitch & Degnan 2011)
and potentially why we see low support for some of the nodes in Figure 5. The low divergence within the octocoral
mitochondrial genome can limit the use of barcoding for species identification, which highlights the importance of
combined morphological analyses as in the present study.

Acknowledgements

We thank the anonymous reviewers for their suggestions. The specimens were collected as part of research activi-
ties conducted under 2009-NSF grant OCE-0939557 to Lisa Levin and Greg Rouse, and 2017-NSF OCE grants
1635219 to Erik Cordes and 1634172 to Lisa Levin and Greg Rouse. This project was partially sponsored by Vicer-
rectoria de Investigacion, Universidad de Costa Rica, project 810-B5-159. Collection of samples were under the
permit SINAC-CUS-PI-R-035-2017.

NEW RECORDS OF SWIFTIA FROM COSTA RICA Zootaxa 4671 (3) © 2019 Magnolia Press - 415



Swiftia exserta
Swiftia ‘simplex’ NEP
93/1 .ol
61/- Swiftia sp. 4927 _1 Costa Rica

Swiftia pacifica

100/1.0

98/1.0 Swiftia kofoidi
L

64/0.94 Swiftia koreni

N——————— Swiftia pallida

Swiftia spauldingi

100/1.0

i Swiftia sahlingi

new species
(15 specimens)

Plexaurella nutans

Pacifigorgia stenobrochis

96/0.92
— @ptOgorgia virgulata

0.0080

FIGURE 5. Swiftia phylogenetic analysis. Maximum likelihood tree of the combined analysis of COI and MutS. Numbers
above nodes are bootstrap support percentages (BS) from RAXML, followed by Bayesian posterior probabilities (PP). Nodes

with no numbers indicate support was less that 50% BS and 0.7 PP. A dash ‘- indicates the node was not found in the Bayesian
analysis.

416 - Zootaxa 4671 (3) © 2019 Magnolia Press BREEDY ET AL.



References

Bayer, F.M. (1956) Octocorallia: In: Moore, R.C. (Ed.), Treatise on Invertebrate Paleontology. Part F. Coelenterata. Geological
Society of America and University of Kansas Press, Lawrence, Kansas, pp. 163-231.

Bayer, F.M. (1981) Key to the genera of Octocorallia exclusive of Pennatulacea (Coelenterata: Anthozoa) with diagnoses of new
taxa. Proceedings of the Biological Society of Washington, 94, 902-947.

Bayer, F.M. (1991) Thelogorgia, a new genus of gorgonacean octocorals, with descriptions of four new species from the Western
Atlantic. Bulletin of Marine Science, 49 (1-2), 506-537.

Bayer, F.M., Grasshoff, M. & Verseveldt, J. (1983) Illustrated Trilingual Glossary of Morphological and Anatomical Terms Ap-
plied to Octocorallia. EJ Brill, Leiden, 74 pp.

Bouckaert, R., Heled, J., Kiihnert, D., Vaughan, T., Wu, C.-H., Xie, D., Suchard, M.A., Rambaut, A. & Drummond, A.J. (2014)
BEAST 2: A software platform for Bayesian Evolutionary Analysis. PLoS Computational Biology, 10, ¢1003537.
https://doi.org/10.1371/journal.pcbi.1003537

Bilewitch, J.P. & Degnan, S.M. (2011) A unique horizontal gene transfer event has provided the octocoral mitochondrial genome
with an active mismatch repair gene that has potential for an unusual self-contained function. BMC Evolutionary Biology,
11, 228.

Breedy, O. & Guzman, H.M. (2002) A revision of the genus Pacifigorgia (Coelenterata: Octocorallia: Gorgoniidae). Proceed-
ings of the Biological Society of Washington, 115, 782—839.

Breedy, O., Cairns, S.D. & Héussermann, V. (2015) A new alcyonacean octocoral (Cnidaria, Anthozoa, Octocorallia) from
Chilean fjords. Zootaxa, 3919 (2), 327-334.
https://doi.org/10.11646/zootaxa.3919.2.5

Cairns, S.D., Stone, R.P., Berntson, E.A. & Pomponi, S.A. (2017) Species discovery of deep water corals and sponges in U.S.
waters (2007-2016). In: Hourigan, T.F., Etnoyer, P.J. & Cairns, S.D. (Eds.), The State of Deep Sea Coral and Sponge Eco-
systems of the United States. NOAA Technical Memorandum NMFS OHC4. National Oceanic and Atmospheric Administra-
tion, Silver Spring, Maryland, pp.1-18.

Darriba, D., Taboada, G.L., Doallo, R. & Posada, D. (2012) Jmodeltest 2: More models, new heuristics and parallel computing.
Nature Methods, 9, 772.
https://doi.org/10.1038/nmeth.2109

Deichmann, E. (1936) The Alcyonaria of the western part of the Atlantic Ocean. Memoirs of the Museum of Comparative
Zoology at Harvard College, Cambridge, Massachusetts, 53, 1-31, 37 pls.
https://doi.org/10.5962/bhl.title.49348

DeSalle, R., Egan, M.G. & Siddall, M. (2005) The unholy trinity: taxonomy, species delimitation and DNA barcoding. Philo-
sophical Transactions of the Royal Society B, 360, 1905-1916.
https://doi.org/10.1098/rstb.2005.1722

Duchassaing, P. & Michelotti, G. (1860) Mémoire sur les Coralliaires des Antilles. Memorie della Reale Accademia delle Scien-
ze di Torino, 19, 279-365.

Duchassaing, P. & Michelotti, G. (1864) Supplement au mémoire sur les Coralliaires des Antilles. Mémoires de [ ‘Academie des
Sciences de Turin, Series 2, 23, 97-206., 11 pls.

Ellis, J. & Solander, D. (1786) The Natural History of many curious and uncommon Zoophytes, collected by the late John Ellis
and systematically arranged and described by the Daniel Solander. Benjamin White and Son, London, xii + 208 pp., 63
pls.
https://doi.org/10.5962/bhl.title.2145

Everett, M.V, Park, L.K., Berntson, E.A., Elz, A.E., Whitmire, C.E., Keller, A.A. & Clarke, M.E. (2016) Large-scale genotyp-
ing-by-sequencing indicates high levels of gene flow in the deep-sea octocoral Swiftia simplex (Nutting 1909) on the West
Coast of the United States. PLoS ONE, 11 (10), ¢0165279.
https://doi.org/10.1371/journal.pone.0165279

France, S.C. & Hoover, L.L. (2002) DNA sequences of the mitochondrial COI gene have low levels of divergence among deep-
sea octocorals (Cnidaria: Anthozoa). Hydrobiologia, 471, 149—155.
https://doi.org/10.1023/A:1016517724749

Gray, J.E. (1859) On the arrangement of zoophytes with pinnated tentacles. Annals and Magazine of Natural History, 4, 439—
444.
https://doi.org/10.1080/00222935908697159

Haeckel, E. (1866) Generelle Morphologie der Organismen. Georg Reimer, Berlin, 1036 pp.
https://doi.org/10.1515/9783110848281

Hall, T.A. (1999) BioEdit: a user-friendly biological sequence alignment editor and analysis program for Windows 95/98/NT.
Nucleic Acids Symposium Series, 41, 95-98.

Harden, D.G. (1979) Intuitive and Numerical Classification of East Pacific Gorgonacea (Octocorallia). Unpublished PhD dis-
sertation, Illinois State University, Illinois, 214 pp.

Hebert, P.D.N., Cywinska, A., Ball, S.L. & Dewaard, J. (2003) Biological identifications through DNA barcodes. Proceedings
of the Royal Society of London B, 270, 313-321.
https://doi.org/10.1098/rspb.2002.2218

NEW RECORDS OF SWIFTIA FROM COSTA RICA Zootaxa 4671 (3) © 2019 Magnolia Press - 417



Horton, T.; Kroh, A.; Ahyong, S.; Bailly, N.; Boyko, C.B.; Brandao, S.N.; Costello, M.J.; Gofas, S.; Hernandez, F.; Holovachov,
0.; Mees, J.; Paulay, G.; Rosenberg, G.; Decock, W.; Dekeyzer, S.; Lanssens, T.; Vandepitte, L.; Vanhoorne, B.; Verfaille,
K.; Adlard, R.; Adriaens, P.; Agatha, S.; Ahn, K.J.; Akkari, N.; Alvarez, B.; Anderson, G.; Angel, M.V.; Arango, C.; Artois,
T.; Atkinson, S.; Bank, R.; Barber, A.; Barbosa, J.P.; Bartsch, 1.; Bellan-Santini, D.; Bernot, J.; Berta, A.; Bezerra, T.N.;
Bieler, R.; Blanco, S.; Blasco-Costa, I.; Blazewicz, M.; Bock, P.; Bottger-Schnack, R.; Bouchet, P.; Boury-Esnault, N.;
Boxshall, G.; Bray, R.; Breure, B.; Bruce, N.L.; Cairns, S.; Cardenas, P.; Carstens, E.; Chan, B.K.; Chan, T.Y.; Cheng, L.;
Churchill, M.; Coleman, C.O.; Collins, A.G.; Corbari, L.; Cordeiro, R.; Cornils, A.; Coste, M.; Crandall, K.A.; Cremonte,
F.; Cribb, T.; Cutmore, S.; Dahdouh-Guebas, F.; Daly, M.; Daneliya, M.; Dauvin, J.C.; Davie, P.; De Broyer, C.; De Grave,
S.; de Mazancourt, V.; de Voogd, N.J.; Decker, P.; Decraemer, W.; Defaye, D.; d’Hondt, J.L.; Dippenaar, S.; Dohrmann, M.;
Dolan, J.; Domning, D.; Downey, R.; Ector, L.; Eisendle-Flockner, U.; Eitel, M.; Encarnacao, S.C.d.; Enghoff, H.; Epler,
J.; Ewers-Saucedo, C.; Faber, M.; Feist, S.; Figueroa, D.; Finn, J.; FiSer, C.; Fordyce, E.; Foster, W.; Frank, J.H.; Fransen,
C.; Furuya, H.; Galea, H.; Garcia-Alvarez, O.; Garic, R.; Gasca, R.; Gaviria-Melo, S.; Gerken, S.; Gibson, D.; Gibson, R.;
Gil, J.; Gittenberger, A.; Glasby, C.; Glover, A.; Gomez-Noguera, S.E.; Gonzalez-Solis, D.; Gordon, D.; Grabowski, M.;
Gravili, C.; Guerra-Garcia, J.M..; Guidetti, R.; Guiry, M.D.; Hadfield, K.A.; Hajdu, E.; Hallermann, J.; Hayward, B.W.;
Hendrycks, E.; Herbert, D.; Herrera Bachiller, A.; Ho, J.s.; Hodda, M.; Heeg, J.; Hoeksema, B.; Hooper, J.N.; Houart, R.;
Hughes, L.; Hyzny, M.; Iniesta, L.F.M.; Iseto, T.; Ivanenko, S.; Iwataki, M.; Janssen, R.; Jarms, G.; Jaume, D.; Jazdzewski,
K.; Jersabek, C.D.; Jozwiak, P.; Kabat, A.; Kantor, Y.; Karanovic, I.; Karthick, B.; Kim, Y.H.; King, R.; Kirk, P.M.; Klautau,
M.; Kociolek, J.P.; Kdhler, F.; Kolb, J.; Kotov, A.; Kremenetskaia, A.; Kristensen, R.M.; Kulikovskiy, M.; Kullander, S.;
Lambert, G.; Lazarus, D.; Le Coze, F.; LeCroy, S.; Leduc, D.; Lefkowitz, E.J.; Lemaitre, R.; Liu, Y.; Lorz, A.N.; Lowry,
J.; Ludwig, T.; Lundholm, N.; Macpherson, E.; Madin, L.; Mah, C.; Mamo, B.; Mamos, T.; Manconi, R.; Mapstone, G.;
Marek, P.E.; Marshall, B.; Marshall, D.J.; Martin, P.; Mast, R.; McFadden, C.; Mclnnes, S.J.; Meidla, T.; Meland, K.;
Merrin, K.L.; Messing, C.; Miljutin, D.; Mills, C.; Moestrup, @.; Mokievsky, V.; Molodtsova, T.; Monniot, F.; Mooi, R.;
Morandini, A.C.; Moreira da Rocha, R.; Moretzsohn, F.; Mortelmans, J.; Mortimer, J.; Musco, L.; Neubauer, T.A.; Neu-
bert, E.; Neuhaus, B.; Ng, P.; Nguyen, A.D.; Nielsen, C.; Nishikawa, T.; Norenburg, J.; O’Hara, T.; Opresko, D.; Osawa,
M.; Osigus, H.J.; Ota, Y.; Pall-Gergely, B.; Patterson, D.; Paxton, H.; Pefia-Santiago, R.; Perrier, V.; Perrin, W.; Petrescu,
1.; Picton, B.; Pilger, J.F.; Pisera, A.B.; Polhemus, D.; Poore, G.C.; Potapova, M., Pugh, P., Read, G., Reich, M., Reimer,
J.D., Reip, H., Reuscher, M., Reynolds, J.W., Richling, 1., Rimet, F., Rios, P., Rius, M., Rogers, D.C., Riitzler, K., Sabbe,
K., Saiz-Salinas, J., Sala, S., Santagata, S., Santos, S., Sar, E., Satoh, A., Sauceéde, T., Schatz, H., Schierwater, B., Schmidt-
Rhaesa, A., Schneider, S., Schonberg, C., Schuchert, P., Senna, A.R., Serejo, C., Shaik, S., Shamsi, S., Sharma, J., Shear,
W.A., Shenkar, N., Shinn, A., Short, M., Sicinski, J., Sierwald, P., Simmons, E., Sinniger, F., Sivell, D., Sket, B., Smit, H.,
Smit, N., Smol, N., Souza-Filho, J.F.., Spelda, J., Sterrer, W., Stienen, E., Stoev, P., Stohr, S., Strand, M., Suarez-Morales,
E., Summers, M., Suppan, L., Suttle, C., Swalla, B.J., Taiti, S., Tanaka, M., Tandberg, A.H., Tang, D., Tasker, M., Taylor,
J., Taylor, J., Tchesunov, A., ten Hove, H., ter Poorten, J.J., Thomas, J.D., Thuesen, E.V., Thurston, M., Thuy, B., Timi, J.T.,
Timm, T., Todaro, A., Turon, X., Tyler, S., Uetz, P., Uribe-Palomino, J., Utevsky, S., Vacelet, J., Vachard, D., Vader, W.,
Viinola, R., Van de Vijver, B., van der Meij, S.E., van Haaren, T., van Soest, R.W., Vanreusel, A., Venekey, V., Vinarski,
M., Vonk, R., Vos, C., Walker-Smith, G., Walter, T.C., Watling, L., Wayland, M., Wesener, T., Wetzel, C.E., Whipps, C.,
White, K., Wieneke, U., Williams, D.M., Williams, G., Wilson, R., Witkowski, A., Witkowski, J., Wyatt, N., Wylezich, C.,
Xu, K., Zanol, J., Zeidler, W. & Zhao, Z. (2019) World Register of Marine Species. VLIZ. Available from: http://www.
marinespecies.org (accessed 4 July 2019)

Kumar, S., Stecher, G. & Tamura, K. (2016) MEGA7: Molecular evolutionary genetics analysis version 7.0 for bigger datasets.
Molecular Biology and Evolution, 33, 1870—-1874.
https://doi.org/10.1093/molbev/msw054

Kiikenthal, W. (1924) Gorgonaria. Das Tierreich. Vol. 47. Walter de Gruyter & Company, Berlin, xxviii + 478 pp.

Lamouroux, J.V.F. (1816) Histoire des polypiers coralligenes flexibles, vulgairement nommés Zoophytes. Impr. F.
Poisson, Caen, 560 pp.
https://doi.org/10.5962/bhl.title. 11172

Levin, L.A., Orphan, V.J., Rouse G.W., Ussler, W., Rathburn, A.E., Cook, G.S., Goffredi, S.K., Perez, E.M., Waren, A., Grupe,
B.M., Chadwick, G. & Strickrott, B. (2012) A hydrothermal seep on the Costa Rica margin: middle ground in a continuum
of reducing ecosystems. Proceedings of the Royal Society B, 279, 2580-2588.
https://doi.org/10.1098/rspb.2012.0205

Levin, L.A., Mendoza, G.F., Grupe, B.M., Gonzalez, J.P., Jellison, B., Rouse, G.W., Thurber, A.R. & Warén, A. (2015) Biodiver-
sity on the rocks: macrofauna inhabiting authigenic carbonate at Costa Rica methane seeps. PLoS ONE, 10 (8), €0136129.
https://doi.org/10.1371/journal.pone.0131080

McFadden, C.S., Tullis, I.D., Hutchinson, M.B., Winner, K. & Sohm, J.A. (2004) Variation in coding (NADH dehydrogenase
subunits 2, 3, and 6) and noncoding intergenic spacer regions of the mitochondrial genome in Octocorallia (Cnidaria: An-
thozoa). Marine Biotechnology, 6, 516-526.
https://doi.org/10.1007/s10126-002-0102-1

McFadden, C.S., France, S.C., Sanchez, J.A. & Alderslade, P. (2006) A molecular phylogenetic analysis of the Octocoral-
lia (Cnidaria: Anthozoa) based on mitochondrial protein—coding sequences. Molecular Phylogenetics and Evolution, 41,
513-27.
https://doi.org/10.1016/j.ympev.2006.06.010

418 - Zootaxa 4671 (3) © 2019 Magnolia Press BREEDY ET AL.



McFadden, C.S., Reynolds, A.M. & Janes, M.P. (2014) DNA barcoding of xeniid soft corals (Octocorallia: Alcyonacea: Xeni-
idae) from Indonesia: species richness and phylogenetic relationships. Systematics and Biodiversity, 12 (2), 247-257.
https://doi.org/10.1080/14772000.2014.902866

Madsen, F.J. (1970) Remarks on Swiftia rosea (Grieg) and related species (Coelenterata, Gorgonaria). Steenstrupia, Zoological
Museum, University of Copenhagen, 1, 1-10.

Nutting, C.C. (1909) Alcyonaria of the California coast. Proceedings of the United States National Museum, 35, 681-727.
https://doi.org/10.5479/51.00963801.35-1658.681

Opresko, D.M. & Breedy, O. (2010) A new species of antipatharian coral (Cnidaria: Anthozoa: Antipatharia: Schizopathidae)
from the Pacific coast of Costa Rica. Proceedings of the Biological Society of Washington, 123, 234-241.
https://doi.org/10.2988/10-06.1

Rambaut, A., Drummond, A.J., Xie, D., Baele, G. & Suchard, M.A. (2018) Posterior summarisation in Bayesian phylogenetics
using Tracer 1.7. Systematic Biology, 67, 901-904.
https://doi.org/10.1093/sysbio/syy032

Rubinoff, D., Cameron, S. & Will, K. (2006) A genomic perspective on the shortcomings of mitochondrial DNA for “barcoding”
identification. Journal of Heredity, 97, 581-594.
https://doi.org/10.1093/jhered/esl036

Sahling, H., Masson, D.G., Ranero, C.R., Hithnerbach, V., Weinrebe, W., Klaucke, I., Biirk, D., Briickmann, W. & Suess, E.
(2008) Fluid seepage at the continental margin offshore Costa Rica and southern Nicaragua. Geochemistry, Geophysics,
Geosystems, 9, Q05S05.
https://doi.org/10.1029/2008GC001978

Sanchez, J.A., McFadden, C.S., France, S.C. & Lasker, H.R. (2003) Molecular phylogenetic analyses of shallow—water Carib-
bean octocorals. Marine Biology, 142, 975-987.
https://doi.org/10.1007/s00227-003-1018-7

Shearer, T.L., Van Oppen, M.J.H., Romano, S.L. & Wérheide, G. (2002) Slow mitochondrial DNA sequence evolution in the
Anthozoa (Cnidaria), Molecular Ecology, 11, 2475-2487.
https://doi.org/10.1046/.1365-294X.2002.01652.x

Stamatakis, A. (2014) RAXML Version 8: A tool for phylogenetic analysis and post—analysis of large phylogenies. Bioinformat-
ics, 30, 1312—1313.
https://doi.org/10.1093/bioinformatics/btu033

Verrill, A.E. (1883) Report on the Anthozoa, and on some additional species dredged by the Blake in 1877—1879, and by the U.S.
Fish Commission steamer Fish Hawk in 1880-82. Bulletin of the Museum of Comparative Zoology, Harvard, 11, 1-72.

Verrill, A.E. (1912) The gorgonians of the Brazilian coast. Journal of the Academy of Natural Sciences of Philadelphia, 15,
373-404.

Verrill, A.E. (1928) Hawaiian shallow-water Anthozoa. Bernice P. Bishop Museum Bulletin, 49, 1-30.
https://doi.org/10.5962/bhl.title.58574

Will, K.W., Mishler, B.D. & Wheeler, Q.D. (2005) The perils of DNA barcoding and the need for integrative taxonomy. System-
atic Biology, 54, 844-851.
https://doi.org/10.1080/10635150500354878

Williams, G.C. & Breedy, O. (2016) A new species of whip-like gorgonian coral in the genus Swiftia from the Gulf of Farallones
in Central California, with a key to Eastern Pacific species in California (Cnidaria, Octocorallia, Plexauridae). Proceedings
of the California Academy of Sciences, Series 4, 63, 1-13.

Wright, E.P. & Studer, T. (1889) Report of the Alcyonaria collected by H.M.S. ,,Challenger during the years 1873—-1876. Chal-
lenger Reports: Zoology, 31, 1-314.

NEW RECORDS OF SWIFTIA FROM COSTA RICA Zootaxa 4671 (3) © 2019 Magnolia Press - 419



