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Abstract

An undescribed species of ulmarid medusa was observed in situ and captured at 812 m depth within the Sumisu Caldera, 
Ogasawara Islands, Japan. Morphological and molecular evidence points to it being distinct from other ulmarid medusae 
and a new species (pagesi), genus (Santjordia) and subfamily (Santjordiinae) are herein erected to contain it. This new 
subfamily of semaeostome ulmarid medusae has both marginal and subumbrellar rhopalia, making it unique within the 
order Semaeostomeae. Although the combination of subumbrellar tentacles and the lack of branched canals should warrant 
the erection of a new family within the Semaeostomeae, a lack of information on the gonad structure and poor bootstrap 
support in the molecular phylogenetic tree cause us to relegate it to the catch-all family Ulmaridae, until greater taxon 
sampling and phylogenetic analyses are carried out for the Semaeostomeae. 

Key words: deep sea, medusa, new species, new genus, submarine caldera

Introduction

Scyphomedusae are among the largest and most robust members of the gelatinous zooplankton (Cornelius 1997a) 
and, whereas a considerable percentage of the gelatinous fauna is damaged beyond easy recognition in traditional 
sampling devices such as midwater trawls and nets, it could be expected that the Scyphomedusae would be one of 
the better-characterized groups, due to their greater physical robustness associated with lower water content than in 
other Medusozoa (Lucas et al. 2011). In shallow waters, where sampling with dip nets or by scuba divers allows the 
collection of pristine specimens, a combination of careful morphological studies and the application of molecular 
techniques has led to the description or resurrection of a number of species (e.g., Dawson 2005; Gershwin & Zeidler 
2008; Morandini & Marques 2010; Nishikawa et al. 2014; Piraino et al. 2014; Avian et al. 2016; Scorrano et al. 
2017). Molecular studies suggest that there is a great deal of cryptic diversity within this group (e.g., Dawson & 
Jacobs 2001; Appeltans et al. 2012). Traditional systematics counts 218 (Daly et al. 2007) to 223 (Jarms & Morandini 
2019) species, but estimates suggest that the diversity of the class could reach 338–383 species (Appeltans et al. 
2012). By comparison, our knowledge of the diversity of deep-sea forms is extremely limited. However, the use 
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of crewed submersibles and unmanned remotely-operated vehicles (ROVs) has allowed the discovery, in deep 
waters, of at least two new species in two new subfamilies of quite large semaeostome medusae (Matsumoto et 
al. 2003; Raskoff & Matsumoto 2004). Semaeostomeae currently contains five families (Collins et al. 2022), with 
two being monogeneric (Drymonematidae, Phacellophoridae), one containing two genera (Cyaneidae), and one 
containing four genera (Pelagiidae). The remaining family, Ulmaridae, contains thirteen genera! These genera are 
presently contained within eight subfamilies, six of them monogeneric (Jarms & Morandini 2019) and five of them 
containing only deep-sea species. The large size and fragility of these deep-sea taxa have undoubtedly contributed 
to the situation where not enough material is available in good condition to assess intra-species and intra-generic 
differences in morphology, though large morphological differences point clearly to the presence of many higher-
level taxa.

This manuscript describes a large, enigmatic, but easily recognizable medusa from yet another new subfamily 
within the Family Ulmaridae Haeckel, 1880—a family that appears to be much more diverse within the deep sea 
than had previously been supposed, and which is ripe for a taxonomic revision.

Materials and Methods

A single specimen was captured by the ROV Hyper-Dolphin during a cruise by the R/V Kaiyo (KY02-03) to the 
Ogasawara Island Chain, south of the Japanese mainland. It was captured using a gate valve sampler (Fig. 1; Lindsay 
2003; Lindsay et al. 2004; Lindsay 2022a) after being filmed using the ROV’s HDTV camera (specifications in 
Lindsay et al. 2008). A second individual was observed, but not captured (Lindsay 2022b). Physico-chemical data 
were collected using a SeaBird SBE19 CTD (Conductivity Temperature Depth meter) and an SBE43 oxygen sensor 
attached to the vehicle (Hidaka et al. 2021). It was also photographed within the gate valve sampler in the ship 
laboratory using a Nikon D1H digital camera with a macro lens (AF Micro Nikkor 105mm 1:2.8 D) and recorded 
in JPEG format at an image size of 2000 x 1312 pixels (Lindsay 2022c). Illumination was provided by National 
Ref Lamp colour-balanced flood bulbs (PRF-500WB), which lit the specimen from the side before a black felt 
backdrop.

A tentacle was cut off and preserved in 99.5% ethanol for subsequent DNA analyses and the remainder of 
the animal was preserved in buffered 5% formalin-seawater solution. Line drawings were made by tracing from 
photographs of the living specimen using Adobe Illustrator v5.1 supplemented by observations under a Leica MZ16 
dissecting scope. A nematocyst slide squash was prepared from a formalin-preserved tentacle to identify nematocyst 
composition (Lindsay 2022d).

Other “Semaeostomeae” samples were collected from various geographic locations (Table 1, Lindsay et al. 
2022e–k), identified on board, preserved in 99.5% ethanol and stored at -20ºC until analysis. For all but Deepstaria 
enigmatica and Tiburonia granrojo, DNA extraction, amplification and sequencing of the 16S mitochondrial 
rDNA gene were performed following the protocol established in Collins et al. (2008). For D. enigmatica and 
T. granrojo, total DNA was extracted using the Qiagen (Valencia, California, USA) DNeasy Blood & Tissue 
Kit, and a 623 bp segment of the mitochondrial 16S gene was amplified and sequenced using ‘primer 1’ (5’-3’ 
TCGACTGTTTACCAAAAACATAGC) and ‘primer 2’ (5’-3’ ACGGAATGAACTCAAATCATGTAAG) from 
Cunningham & Buss (1993) with the TaKaRa (Otsu, Shiga, Japan) ExTaq and BigDye kits. Sequencing was 
performed on an ABI 3130xl sequencer. The 16S rDNA sequence for each sample was established as the consensus 
of the forward and reverse reads and deposited on GenBank (Table 1). An additional 48 sequences from GenBank 
were added to the analysis (Table 2). This resulted in a final dataset that included 38 sequences of “Semaeostomeae”, 
21 sequences of “Rhizostomeae”, and two cubozoans.

All 16S-rDNA sequences, those newly generated and downloaded from GenBank, were aligned using Geneious 
Prime 2022.1.1. (https://www.geneious.com). A preliminary alignment was done with the Geneious alignment tool 
employing the “Global alignment with free end gaps” settings. This preliminary alignment was manually trimmed 
and thereafter realigned within Geneious using MAFF v7.450 (Katoh and Standley 2013) with the algorithm L-
INS-I and default settings. The resulting alignment was manually curated, and automatically edited with GBlock 
(Castresana 2000) allowing for small blocks, gap positions within blocks and flanking positions; this was done in 
order to preserve the phylogenetic signal from indels in the 16S-rDNA.
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TAble 2. Scyphozoan sequences of the 16S-rDNA mitochondrial gene downloaded from GenBank.
Class Order Family Genus Species Genbank

Scyphozoa Semaeostomae Drymonematidae Drymonema Drymonema larsoni HQ234632

Scyphozoa Semaeostomae Drymonematidae Drymonema Drymonema larsoni HQ234651

Scyphozoa Semaeostomae Drymonematidae Drymonema Drymonema sp.1 KY610743

Scyphozoa Semaeostomae Drymonematidae Drymonema Drymonema dalmatinum HQ234634

Scyphozoa Semaeostomae Pelagiidae Pelagia Pelagia noctiluca EU999227

Scyphozoa Semaeostomae Pelagiidae Pelagia Pelagia noctiluca DLSI223 NEW

Scyphozoa Semaeostomae Pelagiidae Chrysaora Chrysaora fuscescens JX393256

Scyphozoa Semaeostomae Pelagiidae Chrysaora Chrysaora helvola JX393257

Scyphozoa Semaeostomae Pelagiidae Chrysaora Chrysaora quinquecirrha JX393259

Scyphozoa Semaeostomae Pelagiidae Chrysaora Chrysaora melanaster JX393258

Scyphozoa Semaeostomae Pelagiidae Mawia Mawia benovici KM217210

Scyphozoa Semaeostomae Pelagiidae Sanderia Sanderia malayensis AB720911

Scyphozoa Semaeostomae Pelagiidae Chrysaora Chrysaora sp. JN184787

Scyphozoa Semaeostomae Cyaneidae Cyanea Cyanea sp. JX393244

Scyphozoa Semaeostomae Cyaneidae Cyanea Cyanea sp. JX393270

Scyphozoa Semaeostomae Cyaneidae Cyanea Cyanea capillata AB720912

Scyphozoa Semaeostomae Cyaneidae Cyanea Cyanea sp. JX393225

Scyphozoa Semaeostomae Cyaneidae Desmonema Desmonema glaciale DLSI126 NEW

Scyphozoa Semaeostomae Cyaneidae Desmonema Desmonema glaciale DLSI110 NEW

Scyphozoa Semaeostomae Cyaneidae Desmonema Desmonema sp. KY610740

Scyphozoa Semaeostomae Ulmaridae Aurelia Aurelia limbata AB720914

Scyphozoa Semaeostomae Ulmaridae Aurelia Aurelia aurita MH064432

Scyphozoa Semaeostomae Ulmaridae Aurelia Aurelia labiata JX393253

Scyphozoa Semaeostomae Ulmaridae Aurelia Aurelia aurita U19373

Scyphozoa Semaeostomae Ulmaridae Stygiomedusa Stygiomedusa gigantea DLSI035 NEW

Scyphozoa Semaeostomae Ulmaridae Stygiomedusa Stygiomedusa gigantea DLSI163 NEW

Scyphozoa Semaeostomae Ulmaridae Deepstaria Deepstaria enigmatica KY610680

Scyphozoa Semaeostomae Ulmaridae Deepstaria Deepstaria enigmatica DLSI014 NEW

Scyphozoa Semaeostomae Ulmaridae Tiburonia Tiburonia granrojo DLSI004 NEW

Scyphozoa Semaeostomae Ulmaridae Santjordia
Santjordia pagesi sp. nov. 

DLSI063 NEW

Scyphozoa Semaeostomae Ulmaridae Poralia Poralia rufescens DLSI070 NEW

Scyphozoa Semaeostomae Ulmaridae Poralia Poralia rufescens KY610659

Scyphozoa Semaeostomae Ulmaridae Poralia Poralia rufescens DLSI221 NEW

Scyphozoa Semaeostomae Ulmaridae Poralia Poralia rufescens DLSI114 NEW

Scyphozoa Semaeostomae Ulmaridae Poralia Poralia rufescens DLSI311 NEW

Scyphozoa Semaeostomae Ulmaridae Diplulmaris Diplulmaris antarctica DLSI116 NEW

Scyphozoa Semaeostomae Phacellophoridae Phacellophora Phacellophora camtschatica AB720915

Scyphozoa Semaeostomae Phacellophoridae Phacellophora Phacellophora sp. JX393262

Scyphozoa Rhizostomae Stomolophidae Stomolophus Stomolophus sp.4 KY610651

Scyphozoa Rhizostomae Stomolophidae Stomolophus Stomolophus sp.3 KY610649

Scyphozoa Rhizostomae Stomolophidae Stomolophus Stomolophus meleagris KY610636

...Continued on the next page
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TAble 2. (Continued)
Class Order Family Genus Species Genbank

Scyphozoa Rhizostomae Rhizostomatidae Rhopilema Rhopilema hispidum AB720917

Scyphozoa Rhizostomae Rhizostomatidae Rhopilema Rhopilema verrilli JX393271

Scyphozoa Rhizostomae Rhizostomatidae Rhizostoma Rhizostoma pulmo KY610632

Scyphozoa Rhizostomae Rhizostomatidae Rhopilema Rhopilema esculentum EU373725

Scyphozoa Rhizostomae Rhizostomatidae Nemopilema Nemopilema nomurai AB720926

Scyphozoa Rhizostomae Mastigiidae Mastigias Mastigias cf. papua etpisoni KU901023

Scyphozoa Rhizostomae Mastigiidae Mastigias Mastigias papua AB720919

Scyphozoa Rhizostomae Mastigiidae Phyllorhiza Phyllorhiza punctata KY610625

Scyphozoa Rhizostomae Mastigiidae Phyllorhiza Phyllorhiza pacifica KY610622

Scyphozoa Rhizostomae Cassiopeidae Cassiopea Cassiopea mayeri MW164859

Scyphozoa Rhizostomae Cassiopeidae Cassiopea Cassiopea frondosa MT709259

Scyphozoa Rhizostomae Lychnorhizidae Lychnorhiza Lychnorhiza lucerna KY610591

Scyphozoa Rhizostomae Lobonemidae Lobonematidae Lobonematidae sp.3 KY610606

Scyphozoa Rhizostomae Lobonemidae Lobonematidae Lobonematidae sp.1 KY610603

Scyphozoa Rhizostomae Catostylidae Crambione Crambione mastigophora KY610602

Scyphozoa Rhizostomae Catostylidae Catostylus Catostylus sp. KT982719

Scyphozoa Rhizostomae Catostylidae Catostylus Catostylus townsendi OK299144

Scyphozoa Rhizostomae Catostylidae Crambionella Crambionella orsini KY610589

Cubozoa Chirodropida Chirodropidae Chironex Chironex fleckeri GQ849103

Cubozoa Carybdeida Alatinidae Alatina Alatina alata JN642338

The final alignment consisted of 61 sequences of 375 bp in length. jModelTest 2.1.10 v20160303 (Darriba et al. 
2012) was used to search for the best fitting substitution model. Maximum likelihood (ML) and Bayesian posterior 
inference (BI) phylogenetic estimations were generated within Geneious using the GTR+I+G model. ML phylogeny 
was generated using RAxML v8.2.11 (Stamatakis 2014) with rapid bootstrapping and search for best-scoring tree 
with the options “ -f a -x 1 ”, 1000 bootstrap replicates and 12345 parsimony random seeds. BI phylogeny was 
constructed using MrBayes v3.2.6 (Ronquist and Huelsenbeck 2003) with a chain length of 5,000,000, four heated 
chains with a temperature of 0.2, a subsampling frequency of 200, and a burn-in length of 25%, at which point the 
average standard deviation of split frequency was steady below 0.01. The sequences of cubozoans were used as the 
outgroups in both the ML and BI analyses.

The COXI gene was amplified and sequenced from Santjordia pagesi gen. et sp. nov. following the protocol 
established in Nishikawa et al. (2014), because of the frequent use of this marker in eDNA and barcoding analyses. 
However, because of the low resolution of this marker at higher taxa, no phylogenetic reconstructions were 
performed. Nevertheless, it was included as part of the species description of Santjordia pagesi gen. et sp. nov. 
(GenBank accession number ON496462).

Terminology for taxonomic characters is described in Figure 2. In line with Russell (1970), Cornelius (1997b), 
Mianzan & Cornelius (1999) and Jarms & Morandini (2019; Fig. 11), the mouth lips/stomach pouches/corners of the 
mouth (prolonged into the mouth-arms) are termed perradial, unlike the situation in Aurelia where the mouth-arms 
are perradial but the stomach pouches are interradial (Dawson 2003). Additional samples observed and sequenced 
are listed in Table 1. A list of sequences from GenBank used for the analysis can be found in Table 2.

The holotype [HD84GS1] was deposited at the Showa Memorial Institute, National Science Museum, Tokyo 
(NSMT-Co-1800).
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Results

Systematics

Class Scyphozoa Goette, 1887

Order Semaeostomeae l. Agassiz, 1862

Family Ulmaridae Haeckel, 1880

Subfamily Santjordiinae subfam. nov.

Genus Santjordia gen. nov.

Family Ulmaridae Haeckel, 1880 emend. larson, 1986

Semaeostomeae with central gastric cavity emitting peripherally radiating canals (either simple or branched) joining 
the marginal ring canal; oral arms either broad and curtain-like or narrow and tapering; lips usually with nematocyst-
lined papillae or digitata; gonads either inverted or everted; tentacles either marginal, subumbrellar or absent.

Subfamily Santjordiinae subfam. nov.
New Japanese name: Sekijuujikurage-aka

Ulmaridae in which the tentacles arise in linear clusters from the subumbrella; without subgenital pits; marginal and 
subumbrellar rhopalia; with narrow, tapering oral arms.

Genus Santjordia gen. nov.
New Japanese name: Sekijuujikurage-zoku

Santjordiinae with bell margin divided into 8 broad velar lobes; subumbrellar tentacles in pits over ring canal (Figs. 
3a–e, 4); four perradial canals wide, emanating from centre of distal tips of red, cross-shaped stomach base; four 
interradial canals wide, unbranched (simple), emanating from angles between stomach pouches; eight adradial canals 
wide, emanating from corners of distal tips of stomach pouch base, not in direct communication with perradial nor 
interradial canals; 32 rhopalia, the 24 adradial rhopalia protruding through circular perforations in the velar lobes 
(Fig. 3f) and supplied by rhopaliar canals emanating from the ring canal; 4 oral arms, with bases fused and following 
outline of cross-shaped stomach.

etymology

The genus name Santjordia refers to the red cross of Saint George (Catalan: Sant Jordi)—the shape and colour of 
which correspond well to the distinctive stomach base in this genus and species. Saint George is also the patron 
saint of Catalonia, where the first author began the present work while on sabbatical in the laboratory of a Catalan 
taxonomist.

Santjordia pagesi sp. nov.
(Figs. 1–5)
New Japanese name: Sekijuujikurage
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Synonymy

“Ulmaridae gen. et sp.” Kitamura et al. 2008: 320, fig. 24.57.
“Ulmaridae gen. et sp. nov.” Hidaka et al. 2021: 52. 

Holotype

NSMT-Co-1800—One specimen captured by the ROV Hyper-Dolphin during Dive 84 on 10 March 2002 at a depth 
of 812 m (temperature 10.2˚C, salinity 34.30, dissolved oxygen 2.8 ml/L, Sigma T 26.37) within the hydrothermally 
active Sumisu Caldera (31˚28’N 140˚04’E) in the Izu-Ogasawara Islands south of the Japanese mainland. The 
reference video file (in situ) in the JAMSTEC High-quality Video Database is HPD0084-20020310-103457.9343-
SHHD-Front-1920x1080_HDCAM-1o4--NoImpose-Santjordia_pagesi-Dhugal_Lindsay-SEKIJUUJIKURAGE-
812.9 m-20020310T013457.9343Z.mov and a transcoded “lightweight” version is accessible on Zenodo (Lindsay 
2022a). Images taken in the shipboard laboratory within the gate sampler (Lindsay 2022c) and microscope images 
of tentacle squashes (Lindsay 2022d) are available online on Zenodo.

FIGURe 1. In situ images of the holotype of Santjordia pagesi gen. et sp. nov. Top left: aboral-lateral view; top right: lateral 
view; bottom left: oral-lateral view; bottom right: lateral view within the gate valve sampler on the ROV Hyper-Dolphin. 
Specimen size = 100 mm diameter.

Other Material

A second individual was observed at 843 m depth (temperature 10.1˚C, salinity 34.35, dissolved oxygen 2.8 ml/L, 
Sigma T 26.43). The reference video file is HPD0084-20020310-105552-SHHD-Front-1920x1080_HDCAM-1o4-
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TC10555217to10561003DF-NoImpose-Santjordia_pagesi-Dhugal_Lindsay-SEKIJUUJIKURAGE----Santjordia_
pagesi_842.8m.mov and a transcoded “lightweight” version is accessible on Zenodo (Lindsay 2022b).

Holotype Description

Umbrella hemispherical; 100 mm diameter, 72 mm height; scattered with nematocysts; mesoglea thick, transparent. 
Margin cleft into 8 broad lobes (lappets). Eight rhopalia (4 perradial, 4 interradial) located in clefts at margin; 
24 additional adradial rhopalia located on the subumbrellar surface but protruding through tear-drop-shaped 
perforations in the velar lobes (3 per octant) (Figs 2, 3f). Tentacles subumbrellar; up to 60 per quadrant; located in 
pits in 2 rows along inner [proximal] and outer [distal] surfaces of ring canal; tentacle pits demarcated by rhopaliar 
canals and other less obvious subumbrellar gelatinous ridges; single tentacle at base of each adradial canal just 
proximal of where it joins ring canal, not in a pit; tentacle bases light pink when alive, cream in formalin. Tentacle 
nematocysts composed of small holotrichous a-isorhizas (average length 8.91±0.74 µm, average width 5.09±0.42 
µm; range 7.3–11.0 µm×4.2–6.6 µm; n=95) and heterotrichous microbasic birhopaloids (average length 11.63±0.98 
µm, average width 8.24±0.24 µm; range 10.0–12.6 µm×7.8–8.5 µm; n=10) (Fig. 5). Subumbrellar musculature not 
discernible. Subgenital ostia absent. Manubrium height equal to or slightly greater than bell radius; surrounded by 
thick transparent mesoglea with inner surface red-pigmented. Four V-shaped oral arms; bases fused and following 
outline of cross-shaped stomach; tips protruding below umbrella rim; with transparent papillae on tips and inner 
edges, thick transparent mesoglea extends to distalmost ends of oral arms, inner surfaces red-pigmented. Central 
stomach cross-shaped, red when alive, dark brown in formalin; gastric cirri in 4 pairs of perradial groups, whitish in 
live specimen; radial canals simple, not anastomosing, similar width throughout length, connected by a ring canal 
located ~1/3 bell radius away from margin; short rhopaliar canals emanating from ring canal to all sense organs; 
4 perradial canals, one each emanating from centre of distal tips of stomach base; 4 interradial canals, one each 
emanating from centre of stomach base; 8 adradial canals, two each emanating from distal tips of stomach base, one 
at each corner, not in direct communication with perradial or interradial canals. Gonads not recognized.

FIGURe 2. Schematic diagram of Santjordia pagesi gen. et sp. nov. with morphological terminology.
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FIGURe 3. Santjordia pagesi gen. et sp. nov. Holotype. a: photograph of lateral view of living specimen in the gate sampler; 
b: photograph of aboral view of living specimen in the gate sampler; c: sketch of lateral view of living specimen; d: sketch of 
aboral view of living specimen; e: sketch of portion of oral view of preserved specimen; f: close-up of adradial rhopalium of 
preserved specimen, showing exumbrella with cleft, statocyst and rhopaliar canal; g: close-up of oral arm of living specimen in 
the onboard aquarium, showing marginal papillae. Scale bar = 2 cm except f: scale bar = 1 mm.
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FIGURe 4. Close-up photograph of subumbrella of preserved specimen of Santjordia pagesi gen. et sp. nov. holotype showing 
tentacle disposition. Sketch of subumbrella photograph, labelled with morphological characters. Scale bar = 1 mm.

FIGURe 5. Photograph montage of a tentacle squash from the preserved specimen of Santjordia pagesi sp. nov. holotype 
showing nematocyst size and morphology. Scale bar = 10 µm.
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etymology

The species name is in honour of Dr. Francesc Pagès, who hosted the first author during his sabbatical in Barcelona 
and introduced him to the intricacies of cnidarian taxonomy.

Molecular Phylogeny

The analysis of sequences of the mitochondrial 16S gene using maximum likelihood (ML) and Bayesian methods 
gave congruent tree topologies (Fig. 6). Robust support was evident for the semaeostome clades Drymonematidae 
and Cyaneidae, and for another clade including the ulmarid subfamilies Poraliinae and a member of the Ulmarinae, 
but also including the recently erected family Phacellophoridae. In fact, higher support was evident for Diplulmaris 
(Ulmarinae) and Phacellophora (Phacellophoridae) being more closely related to each other than for a close 
relationship between some of the ulmarid genera investigated. Somewhat surprisingly, there was reasonable support 
for Santjordia pagesi gen. et sp. nov. belonging to a sister group to a clade including the ulmarid subfamilies lacking 
marginal tentacles—Stygiomedusinae + Tiburoniinae + Deepstariinae. A BLAST search for the COXI sequence 
returned a maximum percentage identity of 82.62% with a query cover of 95% matched with Aurelia coerulea, 
with the next closest match being Rhopilema aff. esculentum at 82.21% and 97%, respectively. These low values 
are indicative of the COXI marker not being suitable for resolving higher phylogenies and further analysis was not 
attempted. Sequences determined in the present study have been registered on GenBank under accession numbers 
ON391151-ON391163 for 16S and ON496462 for the single COXI sequence, belonging to Santjordia pagesi gen. 
et sp. nov. All sequences used in the molecular analysis are listed in Tables 1 and 2. Images of sequenced specimens, 
where available, are available online on Zenodo (Lindsay 2022a–k).

Remarks

The medusa was swimming upwards at a pulse rate of 0.4 Hz at a depth of 812 m and an altitude of 101 m above 
the bottom. Only two individuals were observed over 91 minutes of observation time during descent below the 
caldera rim at 400 m depth inside the Sumisu Caldera, and no individuals were observed during a second dive during 
descent to a maximum depth of 893 m above the outer wall slope of the caldera on the previous day (31°29.1′N, 
140°09.3′E; total observation time below 400 m: 115 min). Compared to environmental parameters outside the 
caldera in the open ocean, temperature at 812 m depth was elevated within the caldera (10.2˚C vs 5.5 ˚C), as was 
the dissolved oxygen concentration (2.8 ml/L vs 1.7 ml/L). The oceanographic environment within the Sumisu 
Caldera is described and discussed in more detail by Hidaka et al. (2021). The caldera wall around this depth is 
comprised of monomictic lava breccia, coherent facies or talus blocks, while most of the caldera floor is covered 
with pumiceous sand and pebbles with some lobes of coarser debris (Tani et al. 2008). Other organisms observed in 
the same depth layer as Santjordia pagesi gen. et sp. nov. included the calycophoran siphonophore Clausophyes sp. 
(see Hidaka et al. 2021), pyrosomes (Pyrosomatidae spp.) (see Hidaka et al. 2021), euphausiids, sergestid shrimps, 
the hyperiid amphipod Platyscelus ovoides, a presently undescribed species of lobate ctenophore with vestigial 
auricles (Undescribed Lobata “No auricles” of Hidaka et al. 2021), and cydippid larvae of at least one species of 
lobate ctenophore (“Cydippid larvae” of Hidaka et al. 2021). 

Discussion

Santjordia pagesi gen. et sp. nov. presents a combination of morphological features not found in any previously-
described semaeostome: subumbrellar rows of tentacles, unbranched radial canals connected by a ring canal away 
from the margin, and, perhaps the most striking, eight marginal as well as 24 subumbrellar rhopalia. Unfortunately, 
gonads were not recognized, suggesting it was not quite mature. However, because all subumbrellar tentacles were of 
the same size and no budding or splitting of radially symmetrical structures was observed, the major morphological 
features seem unlikely to change before reaching sexual maturity. Based on the general morphological features 
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of the gastric system and oral arms, according to the existing classification scheme, this new species falls into the 
family Ulmaridae.

The family Ulmaridae, however, seems to be a catch-all taxon for a wide variety of semaeostome forms that 
are unable to be grouped into other families. Eight subfamilies are currently recognized within the Ulmaridae 
(Table 3). Presently, there is no indication as to a character or combination of characters that might group some of 
these subfamilies into a more reliable classification schema. Some phylogenetic hypotheses have been put forward, 
mostly based on molecular data (eg. Gómez-Daglio & Dawson 2017), but none of them cover the whole diversity 
of the family. Without a broad taxonomic covering, any reorganization of the subgroups would be limited and of 
little use.

TAble 3. Summary of data and diagnostic characters for distinction of the currently recognized families of 
“Semaeostomeae” medusae. Spp. = number of valid species of the family/subfamily, if the literature mentions undescribed 
or doubtful species the number was put in brackets and followed by a question mark. Tentacles = presence or absence of 
tentacles and, if present, how they are organized. Gastrovascular cavity = organization of the cavity, with radial septa, 
radial canals, ring canal and branching of canals. Gonads = organization of gonads: inverted = contained inside the 
body; everted = parts of the gonads outside the body. Subgenital ostia = present or absent. Rhopalia = number and 
position of rhopalia; question mark (?) means that the character is not known for the genus or its state is doubtful. Mostly 
after: Mayer (1910); Kramp (1961); Russell (1970); Larson (1986); Mianzan & Cornelius (1999); Gershwin & Collins 
(2002); Matsumoto et al. (2003); Raskoff & Matsumoto (2004); Bayha & Dawson (2010); Morandini & Marques (2010); 
Straehler-Pohl et al. (2011); Jarms & Morandini (2019); Collins et al. (2022). * signifies character not described in 
original species description but visible in photograph in Jarms & Morandini (2019).
Family/ 
Subfamily

Genera Spp. Tentacles Rhopaila Gastrovascular 
cavity

Gonads Subgenital 
ostia

Pelagiidae 
Gegenbaur, 1856

Chrysaora 15 (16?) present, 
8, 24, 40, 
or more, 
marginal

8, marginal radial septa, 
no canals but 
sometimes 
with canals on 
lappets

inverted 
horse-shoe 
sometimes 
protruding

present

Mawia 1 present, 8, 
marginal

8 marginal radial septa, no 
canals

inverted 
horse-shoe 
always 
protruding

absent

Pelagia 1 (5?) present, 8, 
marginal

8, marginal radial septa, no 
canals

inverted 
horse-shoe 
sometimes 
protruding

present

Sanderia 2 present, 16, 
marginal

16, marginal radial septa, no 
canals

inverted 
horse-shoe 
always 
protruding

present

Cyaneidae 
Agassiz, 1862

Cyanea 10 (17?) present, 
many, 
subumbrellar 
groups

8 marginal radial septa, 
canals on 
lappets

everted absent

Desmonema 4 present, 
many, 
subumbrellar 
groups

8 marginal radial septa, 
canals on 
lappets

everted absent

Drymonematidae 
Haeckel, 1880

Drymonema 3 present, 
many, 
subumbrellar 
zone

8 subumbrellar radial septa, 
canals on 
lappets

everted absent

...Continued on the next page
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TAble 3. (Continued)

Family/ 
Subfamily

Genera Spp. Tentacles Rhopaila Gastrovascular 
cavity

Gonads Subgenital 
ostia

Phacellophoridae 
Straehler-Pohl et 
al., 2011

Phacellophora 1 (3?) present, 
many, 
subumbrellar 
rows

16 marginal unbranched and 
branched canals

everted absent

Ulmaridae 
Haeckel, 1880

present or 
absent

unbranched or 
branched canals, 
ring canal on 
margin

inverted or 
everted

present or 
absent

Aureliinae 
Agassiz, 1862

Aurelia 26 
(more?)

present, 
many, 
exumbrellar

8 marginal branched canals inverted, 
horse-shoe

present

Aurosa 1 present, 
many, 
exumbrellar

8 marginal branched canals inverted, 
horse-shoe

present

Poraliinae Larson, 
1986

Poralia 1 (3?) present, >50, 
marginal

16? (12–30) 
marginal

unbranched 
canals, ring 
canal away from 
margin

inverted, 
continuous 
ring

absent

Sthenoniinae 
Mayer, 1910

Sthenonia 1 present, 
many, 
subumbrellar 
rows

8 marginal unbranched and 
branched canals

everted absent

Ulmarinae Kramp, 
1961

Diplulmaris 2 present, 16–
48, marginal

16 marginal unbranched and 
branched canals

everted absent

Discomedusa 2 present, 24–
48, marginal

8 marginal unbranched and 
branched canals

everted absent

Floresca 1 present, 24, 
marginal

8 marginal unbranched 
canals

inverted?, 
horse-shoe

absent

Parumbrosa 1 present, 24, 
marginal

8 marginal unbranched and 
branched canals

everted? absent

Ulmaris 2 present, 8, 
marginal

8 marginal unbranched and 
branched canals

everted absent

Deepstariinae 
Larson, 1986

Deepstaria 2 absent 8–20 marginal branched canals on 
manubrium 
wall

absent

Stellamedusinae 
Raskoff & 
Matsumoto, 2004

Stellamedusa 1 absent 8 marginal unbranched 
canals, ring 
canal away 
from margin, 
centripetal 
canals

inverted, 
horse-shoe

present

Stygiomedusinae 
Russell & Rees, 
1960

Stygiomedusa 1 absent 20 marginal branched canals inverted, 
horse-shoe

present

Tiburoniinae 
Matsumoto et al., 
2003

Tiburonia 1 absent ~20–54+ 
marginal

branched canals everted* present

Santjordiinae 
subfam. nov.

Santjordia 1 present, 
many, 
subumbrellar 
rows

8 marginal + 24 
subumbrellar

unbranched 
canals, ring 
canal away from 
margin

? absent
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FIGURe 6. Phylogenetic reconstruction based on the 16S-rDNA region for Scyphozoa. Values at nodes indicate ML bootstrap 
support >50%, and solid circles represent Bayesian probabilities >0.95.

Among the Ulmaridae, tentacles are absent in four of the subfamilies: Stygiomedusinae, Deepstariinae, 
Tiburoniinae, and Stellamedusinae, thus differing from Santjordia pagesi gen. et sp. nov. In members of the 
subfamily Aureliinae, the tentacles arise from the exumbrella above the margin; and in the Poraliinae and Ulmarinae 
the tentacles arise from clefts in the margin, differing from the subumbrellar position of the tentacles in Santjordia 
pagesi sp. nov. Subumbrellar tentacles, such as those found in Santjordia pagesi sp. nov., occur in the subfamily 
Sthenoniinae, but subumbrellar rhopalia, such as found in Santjordia, are absent (Table 3). Some other semaeostome 
families have subumbrellar tentacles (Cyaneidae, Phacellophoridae and Drymonematidae), but in the former two the 
rhopalia are marginal, and in no species of the genus Drymonema, currently the only genus in the Drymonematidae 
(Bayha & Dawson 2010), do additional rhopalia, rows of tentacles, or radial or ring canals occur.

In the analysis of 16S gene sequences, the Santjordia pagesi gen. et sp. nov. specimen clustered with a subgroup 
of subfamilies morphologically attributable to the family Ulmaridae, which appears to be a polyphyletic grouping 
(Fig. 6). This subgroup contains the subfamilies Stygiomedusinae Russell & Rees, 1960, Deepstariinae Larson, 
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1986 and Tiburoniinae Matsumoto et al., 2003, which are united with strong support in both the ML and Bayesian 
analyses (Fig. 6). No genetic information is available for the subfamily Stellamedusinae Raskoff & Matsumoto, 
2004, another taxon lacking marginal or subumbrellar tentacles. The present study groups Santjordia pagesi gen. 
et sp. nov. with this subgroup with a Bayesian probability of 97%. The obvious morphological differences and 
the lack of support for this clade’s position within any other scyphozoan clade is probably related to poor taxon 
sampling in combination with a relatively rapidly evolving genetic marker. Without a more detailed, multi-marker 
genetic analysis with new material, a taxonomic revision of the Ulmaridae and/or the erection of a new family for 
Santjordia pagesi gen. et sp. nov. would be premature. Furthermore, as the purpose of a taxonomic classification 
scheme is to facilitate information retrieval and the usefulness of a classification as a communication system stands 
in direct relation to its stability (Mayr & Ashlock 1991), we choose to be conservative in our classification at 
the present time until the full diversity of this group has been more properly ascertained and the possible effect 
of artefacts due to taxon-sampling is resolved. Particularly with respect to DNA analyses, the erection of new 
higher taxa notwithstanding imperfect taxon sampling seems inadvisable. To illustrate this, the present analysis 
grouped Diplulmaris antarctica (Ulmaridae: Ulmarinae), the type of the genus, with the recently erected family 
Phacellophoridae (Straehler-Pohl et al. 2011) with a Bayesian probability of 100% (Fig. 6). This clade was in 
turn sister to, and within, a clade also containing Poralia rufescens Vanhöffen, 1902 (Ulmaridae: Poraliinae) with 
a Bayesian probability of 100% (Fig. 6). Contrastingly, specimens morphologically attributable to P. rufescens, 
with the exception of a 10.8-mm diameter animal with 30 tentacles (GenBank ID ON391162) for which this is the 
first published report of a juvenile specimen and a morphological comparison was therefore impossible, clustered 
together with a Bayesian probability of only 95% (Fig. 6, Table 1). Rather than erect a new family at this time, we 
conservatively propose the erection of a new subfamily, Santjordiinae, within the Ulmaridae, based on the current 
morphologically-based diagnoses of families, to include this novel medusa. It is expected that further surveys in the 
deep ocean will continue to discover novel scyphomedusan taxa and redefine our understandings of the evolution 
of this group.

The present species has so far only been found inside the Sumisu Caldera and has not been observed anywhere 
else during over a hundred hours of in situ deep-sea exploration in other waters around Japan (e.g., Lindsay & Hunt 
2005; Lindsay et al. 2015; Hidaka et al. 2021) or during midwater dives in other areas around the world (Schmidt 
Ocean Institute 2022, NOAA Archives 2022). 
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