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Abstract

Stalked jellyfishes (Cnidaria: Staurozoa) are cryptic, benthic animals, known mainly from polar and temperate waters of
the Northern Hemisphere. We describe a new species, Calvadosia lewisi, from South Africa and review the staurozoan
fauna of the region. Three other species are previously known from South Africa: Calvadosia capensis (Carlgren, 1938);
Depastromorpha afiicana Carlgren, 1935; and Lipkea stephensoni Carlgren, 1933, but all of these are known from very
few records and have been poorly illustrated and documented to date. We provide brief descriptions and photographic il-
lustrations for each species and a list of local and global geographical records. Two (L. stephensoni and C. lewisi), but
possibly three (D. africana), of the four known South African staurozoan species are endemic from South Africa. The new
species, images, and extra distributional records presented here greatly improve knowledge of the staurozoan fauna in
South Africa and, consequently, of the Southern Hemisphere.
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Introduction

Staurozoa is a cnidarian class (Marques & Collins 2004) comprising benthic, stalked jellyfishes that live attached
to substrata (generally rocks or seaweed), from the intertidal zones to deep hydrothermal vents (Collins & Daly
2005; Mills & Hirano 2007; Zagal et al. 2011). Although stauromedusae may be locally abundant (Miranda et al.
2012a), they are rarely observed because of their relatively small size and cryptic coloration (Larson 1980; Mills &
Hirano 2007). Staurozoan species have a unique life cycle consisting of a non-ciliated planula larva that settles on
the substratum and develops into a stauropolyp, which subsequently undergoes apical metamorphosis into a
stauromedusa, without strobilation or budding (Wietrzykowski 1912; Kikinger & Salvini-Plawen 1995; Miranda et
al. 2010). Stauromedusae thus possess characters found both in polyp and medusa stages of other medusozoans
(Collins et al. 2006; Miranda et al. 2013, 2016a).

Stalked jellyfishes have a cosmopolitan distribution, mainly in temperate and polar waters (Larson 1980; Mills
& Hirano 2007), but their diversity in the Southern Hemisphere is probably underestimated (Miranda et al. 2009;
Zagal et al. 2011). Currently, there are 49 species described (Miranda et al. 2016b), 12 of which occur in the
Southern Hemisphere (Table 1) (Grohmann et al. 1999; Miranda et al. 2009). Specifically for South Africa, there
are three species, which were described in the 1930s by O. Carlgren, viz. Lipkea stephensoni Carlgren, 1933;
Depastromorpha africana Carlgren, 1935; and Calvadosia capensis (Carlgren, 1938). Since their original
descriptions, the only published observation of these species (besides the inclusion of D. africana in molecular
analyses, e.g. Dawson 2004; Collins & Daly 2005; Miranda et al. 2016b) for South Africa is the report of L.
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stephensoni and D. africana in a regional field guide (Jones 2008). Lipkea stephensoni is currently considered to be
endemic to South Africa, whereas D. africana has also been recorded in both Australia (Zagal ef al. 2011) and New
Zealand (Grohmann et al. 1999; Cairns et al. 2009; Zagal et al. 2011), and C. capensis has also been found in
Brazil (Miranda ef al. 2012b).

Recently, a comprehensive molecular phylogenetic analysis of the Staurozoa (using the mitochondrial markers
COI and 168, and the nuclear markers ITS, 18S, and 28S) resulted in the proposal of a new classification for the
group (Miranda et al. 2016b). Molecular patterns, associated with morphological evidence, demonstrated the
existence of a new species from South Africa, identified as Calvadosia sp. 4, closely related to Calvadosia
tasmaniensis (Zagal, Hirano, Mills, Edgar & Barrett, 2011) from Australia and Calvadosia corbini (Larson, 1980)
from Brazil (but also recorded in Puerto Rico and Mexico; Capriles & Martinez 1970; Larson 1980; Lechuga &
Alamo 2005).

In this paper, we formally describe this new species of Calvadosia (Calvadosia sp. 4, above) and review the
South African staurozoan fauna, including images and brief descriptions for all known species, as well as new
locality records and details of their local and global distributions.

TABLE 1. Staurozoan species recorded from the Southern Hemisphere, with the addition of the new species Calvadosia
lewisi, described in this study. *Occurrence of L. janetae in the Southern Hemisphere needs confirmation (Lutz et al.
2006). The species Calvadosia corbini, Haliclystus inabai, and Lucernaria janetae also occur in the Northern
Hemisphere.

References

Species

Southern Hemisphere localities

Calvadosia capensis (Carlgren, 1938)
Calvadosia corbini (Larson, 1980)

Calvadosia tasmaniensis (Zagal, Hirano,
Mills, Edgar & Barrett, 2011)

Calvadosia vanhoeffeni (Browne, 1910)

Calvadosia lewisi sp. nov.

Craterolophus macrocystis von
Lendenfeld, 1884

Depastromorpha afiricana Carlgren, 1935

Haliclystus antarcticus Pfeffer, 1889

Haliclystus inabai (Kishinouye, 1893)

Haliclystus kerguelensis Vanhoffen, 1908

Lipkea stephensoni Carlgren, 1933

Lucernaria australis Vanhoffen, 1908

Lucernaria janetae Collins & Daly, 2005*

Brazil, South Africa
Brazil

Australia

Antarctica
South Africa

New Zealand

Australia, New Zealand, South
Africa

Argentina, Antarctica, Chile,
South Georgia Island

Australia

Kerguelen Island

South Africa

Antarctica

Southern East Pacific Rise

Carlgren 1938; Miranda ez al. 2012b
Grohmann et al. 1999
Zagal et al. 2011

Browne 1910; Carlgren 1930
This study

von Lendenfeld 1884

Carlgren 1935; Grohmann ez al. 1999;
Cairns et al. 2009; Zagal et al. 2011

Pfeffer 1889; Carlgren 1930; Kramp 1952;
Amor 1962; Quezada 1969; Mianzan 1989;
Davenport 1998; Zagal 2004a, 2004b, 2008;
Miranda et al. 2009, 2010

Mclnnes 1989; Zagal et al. 2011; Falconer
2013

Vanhoffen 1908; Kramp 1957

Carlgren 1933

Vanhoffen 1908; Carlgren 1930
Lutz et al. 2006

Material and methods

Specimens were collected manually during low tide, or by SCUBA diving, in different regions along the South
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African coast. Individuals were photographed live, then relaxed by mixing menthol crystals into seawater, and
preserved in either 4-5% formaldehyde solution in seawater or in 70-90% ethanol. The taxonomic classification
follows Miranda et al. (2016b). The species accounts are based on our observations of freshly collected material
and on previous literature descriptions, except for C. capensis, which we were unable to re-collect, and relied
exclusively on published information from both South Africa (Carlgren 1938) and Brazil (Miranda et al. 2012b).
Specimens of C. tasmaniensis and C. corbini (Table 2) were also examined for morphological comparison with the
South African material.

TABLE 2. Specimens of Calvadosia corbini (Larson, 1980) and Calvadosia tasmaniensis (Zagal, Hirano, Mills, Edgar
& Barrett, 2011) analyzed for morphological comparisons. MZUSP: Museum of Zoology of the University of Séo Paulo,
Brazil; USNM: National Museum of Natural History, Smithsonian, USA.

Species Catalog number  Locality Number of  Preservative
specimens
Calvadosia corbini MZUSP 1564 Aracruz, Espirito Santo, Brazil 2 Formaldehyde solution 4%
Calvadosia corbini MZUSP 1565 Aracruz, Espirito Santo, Brazil 2 Formaldehyde solution 4%
Calvadosia tasmaniensis ~ USNM 1233739  Fortescue Bay, Tasmania, 2 Formaldehyde solution 4%
Australia
Calvadosia tasmaniensis ~ USNM 1233740  Gerlof Bay, South Australia, 1 Formaldehyde solution 4%
Australia

Images of detailed structures were photographed under a Zeiss stereomicroscope SteREO Discovery.V8.
Observations and measurements of nematocysts were made on tissues preserved in 4-5% formaldehyde solution,
squashed in a drop of fresh water on a microscope slide, covered by a cover slip, and gently compressed to further
dissociate the cells (Gwilliam 1956; Mejia-Sanchez & Marques 2013). Ten undischarged capsules of each type of
nematocyst were isolated and photographed under a Zeiss microscope AXIO Imager.M2. Measurements were
made using the software KLONK Image Measurement 13.2.

Studied materials were deposited in the Iziko South African Museum, Cape Town, South Africa; in the
Cnidarian Collection of the Museum of Zoology of the University of Sdo Paulo, Brazil (MZUSP); in the Coastal
Branch of Natural History Museum and Institute, Chiba, Japan (CMNH); and in the National Museum of Natural
History, Smithsonian Institution, USA (USNM).

Systematic account

Phylum Cnidaria Verrill, 1865

Subphylum Medusozoa Petersen, 1979

Class Staurozoa Marques & Collins, 2004

Order Stauromedusae Haeckel, 1879

Suborder Amyostaurida Miranda, Hirano, Mills, Falconer, Fenwick, Marques & Collins, 2016b

Family Kishinouyeidae Uchida, 1929

Genus Calvadosia Clark, 1863

Remarks. Calvadosia was originally proposed by Clark (1863) to accommodate a species described by
Lamouroux (1815), “Lucernaire campanulée” (or Lucernaria campanulata), from Calvados, France, therefore
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proposing the name Calvadosia campanulata (Lamouroux, 1815). Its main difference from other Lucernaria is the
“four pilasters [...] not muscular, as are the pilasters in the pedicel of Lucernaria quadricornis” (Clark 1863: 556),
i.e., absence of interradial longitudinal muscles associated with the septa of the peduncle.

However, Clark’s (1863) proposal was overlooked for many years. Later, Uchida (1929) proposed a new
genus, Lucernariopsis, for the same “Lucernaria campanulata”, including species with one-chambered peduncle
without muscles, overlooking the availability of the older name Calvadosia Clark, 1863. Apparently, Gwilliam
(1956: 10) was the only author to notice this nomenclatural issue, concluding that according to the “law of priority,
the proper generic name of Lucernariopsis Uchida, 1929 is Calvadosia Clark, 1863, but he never published his
PhD Dissertation on the taxonomy of the Stauromedusae.

More recently, Lucernariopsis Uchida, 1929 was officially recognized as a synonym of Calvadosia Clark,
1863 (Miranda et al. 2016b). In addition, based on molecular and morphological evidence, the former genera
Kishinouyea Mayer, 1910 and Sasakiella Okubo, 1917 were also incorporated into Calvadosia (Miranda et al.
2016b). Therefore, Calvadosia is currently one of the most diverse genera in Staurozoa, with 11 species:
Calvadosia campanulata (Lamouroux, 1815), Calvadosia nagatensis (Oka, 1897), Calvadosia vanhoeffeni
(Browne, 1910), Calvadosia cruciformis (Okubo, 1917), Calvadosia hawaiiensis (Edmondson, 1930), Calvadosia
tsingtaoensis (Ling, 1937), Calvadosia capensis (Carlgren, 1938), Calvadosia cruxmelitensis (Corbin, 1978),
Calvadosia corbini (Larson, 1980), Calvadosia tasmaniensis (Zagal, Hirano, Mills, Edgar & Barrett, 2011), and
Calvadosia lewisi sp. nov. described in this study.

Calvadosia lewisi sp. nov.
(Figs 1-4)

Kishinouyea sp. South Africa—Miranda ez al. 2016b: 8, 12—15, figures 3-5.
Calvadosia sp. 4 South Africa—Miranda ez al. 2016b: 17, 34, 36, figures 7, 16.

Material examined. Holotype: MZUSP 3415, 1 specimen, Simon’s Town, Cape Town, Western Cape, South
Africa (—34.2100, 18.4626), 01 December 2014, depth 3 m, on Sargassum, formaldehyde solution 4%, col. C.
Foster. Paratype: MZUSP 3416, 1 specimen, Simon’s Town, Cape Town, Western Cape, South Africa (—34.2100,
18.4626), 01 December 2014, depth 3 m, on Sargassum, formaldehyde solution 4%, col. C. Foster. Additional
material: MZUSP 2731, 1 specimen, Miller’s Point, Cape Town, Western Cape, South Africa (—34.2320, 18.4745),
February 2013, subtidal, on Brassicophycus brassicaeformis and Anthophycus longifolius, ethanol 90%, col. D.
Robertson-Anderson. MZUSP 2732, 1 specimen, Miller’s Point, Cape Town, Western Cape, South Africa (—
34.2320, 18.4745), February 2013, subtidal, on Brassicophycus brassicaeformis and Anthophycus longifolius,
ethanol 90%, col. D. Robertson-Anderson. MZUSP 3417, 1 specimen, Miller’s Point, Cape Town, Western Cape,
South Africa (-34.2320, 18.4745), February 2013, subtidal, on Brassicophycus brassicaeformis and Anthophycus
longifolius, ethanol 90%, col. D. Robertson-Anderson. CMNH-ZG7819, 1 specimen, A-Frame, False Bay, Cape
Town, Western Cape, South Africa (—34.2159, 18.4650), 19 January 2003, shallow subtidal (depth 2-3 m), on kelp,
formaldehyde solution 5% and transferred to ethanol 70%, col. Y. Hirano. Iziko South African Museum MB-
A083793, 1 specimen, Miller’s Point, Cape Town, Western Cape, South Africa (-34.2320, 18.4745), February
2013, subtidal, on Brassicophycus brassicaeformis and Anthophycus longifolius, ethanol 80%, col. D. Robertson-
Anderson. Iziko South African Museum MB-A084062, 1 specimen, Betty’s Bay, Overberg, Western Cape, South
Africa (—34.3723, 18.8875), May 2013, depth 1 m, on kelp Ecklonia maxima, formaldehyde solution 4%, col. E.
Firl & C. Pickering. Not kept, 1 specimen, Castle Rocks, False Bay, Cape Town, Western Cape, South Africa (—
34.2385, 18.4766), February 2010, depth about 5 m; on wrack growing on flat rock, observed by G. Zsilavecz. Not
kept, 1 specimen, A-Frame, False Bay, Cape Town, Western Cape, South Africa (—34.2159, 18.4650), April 2014,
depth 5 m, on Caulerpa filiformis growing on sand; observed by G. Zsilavecz.

Diagnosis. Gonadal curved nodular lobes, regular (symmetric) and smooth in shape, facing interradii, arranged
in a “zigzag” row on subumbrella.

Description. Body divided into two clearly demarcated regions: calyx and peduncle (Fig. 1D). Calyx wider
than high, cruciform (Fig. 1), height 3.11-6.15 mm (mean 4.64 mm, number of individuals measured n = 5), width
5.88-16.48 mm (mean 12.03 mm, n = 5). Peduncle short (Figs 1D, 2C), about 1/4 of the total height, 1.20—1.32 mm
tall (mean 1.26 mm, n = 5), width 1.39-2.03 mm (mean 1.85 mm, n = 5). Broad, swollen adhesive circular pedal
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FIGURE 1. Calvadosia lewisi sp. nov., living specimens. A, B: Subumbrellar (oral) view of specimens in the field; C: Detail
of manubrium, probably discharging undigested material; D: Subumbrellar and exumbrellar (basal) views; E: Subumbrellar
(oral) view, indicating the perradial, interradial, and adradial regions; F: Individuals of different sizes. Abbreviations: am, arms;
AR, adradial region; cl, calyx; gd, gonad; IR, interradial region; mc, manubrial corner; mn, manubrium; pa, pad-like adhesive
structure; pam, paired arms; pd, pedal disk; pe, peduncle; PR, perradial region; tc, secondary tentacles; ws, white spots of
nematocysts. Photo credit: Craig Foster (A—C); George Branch (D-F).

disk at base of peduncle (Fig. 2C, E), width 2.48-4.31 mm (mean 3.38 mm, n = 5). Small central pore in the pedal
disk of some specimens (Fig. 2E). Peduncle without interradial longitudinal muscle bands, with a single cruciform
chamber (in cross-section) that becomes four-chambered basally within the pedal disk (Fig. 2D). Calyx without
anchors (rhopalioids) or primary tentacles (Fig. 1). Manubrium with four perradial pleated lips (Figs 1E; 2B, F).
Many gastric filaments in gastrovascular cavity. Gastrovascular cavity not divided by vertical tissue composed of
double layer of gastrodermis with internal mesoglea, known as claustrum. Eight arms (width 1.00-1.55 mm, mean
1.27 mm, n = 5), organized in four interradial pairs, resembling a cross (Figs 1, 2), hence the common name ‘cross
of pearls’. Four U-shaped perradial notches about four times as deep as the U- or V-shaped interradial notches (Fig.
2A). Eight gonads not embedded in gastrovascular cavity, but contained within evaginations from the
gastrovascular cavity. Each gonad consisting of several nodular lobes, relatively regular and smooth in shape, and
arranged in a single row on subumbrella (Figs 1-3). However, in mature specimens nodules are tightly packed,
giving the impression of two rows of nodular lobes (but actually in a “zigzag” row; see Fig. 3D). Regular nodular
lobes curved, facing interradii (Fig. 3A, E). Each arm with 8-12 nodular lobes (n = 5). Gonads extending from
manubrium to tips of arms (Figs 1, 2B). Each arm with a terminal cluster of secondary tentacles, each cluster with
1227 (n = 5) hollow, knobbed tentacles, similar in shape (Fig. 2J). Broad pad-like adhesive structures forming a
glandular cushion (height 0.46—1.02 mm, mean 0.69 mm, n = 5; width 1.37-3.53 mm, mean 2.39 mm, n = 5) on
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FIGURE 2. Calvadosia lewisi sp. nov., preserved specimens (MZUSP 3415, A-C, E-G, [; MZUSP 3416, D, H). A: General
view of exumbrella; B: General view of subumbrella; C: Exumbrellar view of the peduncle/calyx connection region; D: Cross
section of pedal disk, with four perradial chambers basally; E: Basal view of pedal disk, with a tiny central pore; F: Oral view,
indicating manubrium and gonads; G: Interradial longitudinal muscles in calyx, dividing into two bands toward the arms; H:
Interradial longitudinal muscles and coronal muscle; I: Detail of pad-like adhesive structures on the exumbrellar tips of arms; J:
Subumbrellar tips of arms, with secondary tentacles. Abbreviations: am, arms; cl, calyx; cm, coronal muscle; cp, central pore;
gd, gonad; int, interradial notch; IR, interradial region; mn, manubrium; mu, longitudinal muscle; pa, pad-like adhesive
structure; pam, paired arms; pc, perradial chambers; pd, pedal disk; pe, peduncle; pnt, perradial notch; PR, perradial region; tc,
secondary tentacles; ws, white spots of nematocysts.
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FIGURE 3. Gonads and white spots of nematocysts of Calvadosia lewisi sp. nov. (MZUSP 3415). A: Nodular curved lobes —
curvature of individual lobes shown by dotted arrows; B: Margin of calyx, with white spots of nematocysts; C: Detail of
marginal white spots of nematocysts; D: Organization of nodular curved lobes, which are tightly oppressed, giving the
impression of two rows of nodular lobes instead of the actual one “zigzag” row; E: Nodular curved lobes facing interradii; F:
Detail of nodular curved lobes, with regular shape. Abbreviations: gd, gonad; IR, interradial region; mn, manubrium; nd,
nodular lobes; pam, paired arms; PR, perradial region; tc, secondary tentacles; ws, white spots of nematocysts.

tips of arms, on exumbrella, surrounding outermost tentacles near their base (Fig. 21). Four interradial longitudinal
muscles at calyx base, each divided in pyloric region into two bands toward adradial arms (Fig. 2G, H). Coronal
muscle divided into eight segments by arms (Fig. 2H). Exumbrella finely granulated with nematocyst (euryteles)
warts (Fig. 4D). Conspicuous white nematocyst spots on subumbrella, distributed along calyx margin, at interradii
and perradii, to tips of arms (Figs 1A, E; 3B, C). Higher concentration of white spots at perradii, organized in 1-4
rows. White spots also associated with gonads. General color of body reddish to greenish brown (Fig. 1).

Cnidome. Secondary tentacles with two types of nematocysts: isorhiza (abundant), length 18.02—19.65 um
(mean 18.72 pm, number of capsules measured n = 10), diameter 2.12-3.16 pm (mean 2.61 um, n = 10); and
eurytele (scarce), length 14.18—15.96 um (mean 15.27 um, n = 10), diameter 5.28—-8.04 um (mean 6.85 pm, n = 10)
(Fig. 4A, B). White nematocyst spots with one type of nematocysts: rhopaloids (abundant), length 12.77-15.40 pm
(mean 14.29 pm, n = 10), diameter 10.20—-11.96 pm (mean 11.34 pm, n = 10) (Fig. 4C).

Etymology. Named after Lewis Jason, a legendary volunteer at the Two Oceans Aquarium (Cape Town, South
Africa) who first brought our attention to this animal and made passionate and lengthy notes on the species. Lewis
Jason passed away on December 17", 2014, at the age of 90.

Type locality. Simon’s Town, Cape Town, Western Cape, South Africa.

Distribution and habitat. Calvadosia lewisi was found at various localities in the Western Cape, South
Africa: A-Frame, False Bay, Cape Town; Betty’s Bay, Overberg; Castle Rocks, False Bay, Cape Town; Miller’s
Point, Cape Town; and Simon’s Town, Cape Town (Fig. 5C). The species is found from intertidal to shallow
subtidal regions, up to 5 m deep, attached to different species of algae.

Remarks. Molecular phylogenetic analyses of Staurozoa (Miranda et al. 2016b) revealed a putative new
species in South Africa, referred to Calvadosia sp. 4 in that study, and herein properly described as Calvadosia
lewisi sp. mov. This species is closely related to C. tasmaniensis and C. corbini, in a clade whose possible
synapomorphy is a broad pad-like adhesive structure on the tip of each arm (Miranda et al. 2016b). This feature is
also present in C. hawaiiensis (Edmondson 1930; Grohmann et al. 1999) and in C. capensis (Carlgren 1938;
Miranda et al. 2012b), suggesting that they too may belong to this clade (Miranda et al. 2016b). Calvadosia
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cruxmelitensis has a slightly different pad-like adhesive structure on the tip of the arm, in which the secondary
tentacles arise directly from this structure (Corbin 1978; Miranda et al. 2016b).

FIGURE 4. Cnidome of Calvadosia lewisi sp. nov. (MZUSP 3415). A: Isorhiza of secondary tentacles; B: Eurytele of
secondary tentacles; C: Rhopaloids of marginal white spots of nematocysts on subumbrella; D: Eurytele of nematocyst warts on
exumbrella; E: Rhopaloids of white spots of nematocysts associated with gonads, on subumbrella.

The morphology of C. lewisi is similar to C. tasmaniensis and C. corbini, in accordance with molecular results
(Miranda et al. 2016b). Calvadosia tasmaniensis has been recorded only from Australia (Zagal et al. 2011) and C.
corbini was originally described from Puerto Rico (Larson 1980), subsequently recorded from Brazil (Grohmann et
al. 1999) and Mexico (Lechuga & Alamo 2005). These species have a wide “open” calyx, cruciform in C. lewisi
and in C. corbini (Figs 1, 6) (Larson 1980; Grohmann et al. 1999), with interradial pairing of arms, a feature not
evident in C. tasmaniensis (Zagal et al. 2011). These three species also share a relatively short peduncle (Larson
1980; Grohmann et al. 1999; Zagal et al. 2011) and broad, pad-like adhesive structures on the tips of the arms (Figs
21; 6E; 7D). In addition, the gonads of these species are not embedded in the gastrovascular cavity, but are nodular
evaginations from the gastrovascular cavity resting on the subumbrella (Figs 1-3, 6, 7) (Larson 1980; Grohmann et
al. 1999; Zagal et al. 2011). The generally smooth shape of the nodular gonads is the hypothetical main
distinguishing feature of C. lewisi. Analyzed specimens of C. corbini and C. tasmaniensis (Table 2) have nodular
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erect gonads, with irregular shape (described by Larson (1980) for C. corbini as looking like “small raisins”),
which can have many evaginations, and are distributed in a single, relatively straight row (Figs 6, 7). However, the
nodular gonads in C. lewisi have a smooth, regular shape, curved toward the interradii, and are tightly arranged in a
“zigzag” row (Figs 1-3). Our observations include specimens of different sizes, making it unlikely that there is
ontogenetic variation of this feature.

FIGURE 5. Geographic distribution of South African stauromedusae. A: Global distribution of Calvadosia capensis (South
Africa and Brazil); B: Global distribution of Depastromorpha africana (South Africa, Australia, and New Zealand)*; C: Local
distribution of C. lewisi sp. nov. (endemic from South Africa); D: Local distribution of C. capensis; E: Local distribution of D.
africana; F: Local distribution of L. stephensoni (endemic from South Africa). Based on Carlgren (1933, 1935, 1938); Zagal et
al. (2011); Miranda et al. (2012b); and new records provided in this study. *Records of D. afiicana outside South Africa need
confirmation of their identity (see text and Miranda ez al. 2016b).
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FIGURE 6. Calvadosia corbini (Larson, 1980), preserved specimens (MZUSP 1564, A, C—G; MZUSP 1565, B, H, I). A—C:
Subumbrellar views, with gonads and paired arms with cluster of secondary tentacle; D: Nodular erect gonads; E: Exumbrellar
view, with pad-like adhesive structures on the tips of arms; F: Detail of subumbrellar margin; G—I: Detail of erect nodular lobes
of gonads, with irregular shape, sometimes presenting multiple evaginations (indicated by black arrows). Abbreviations: am,
arms; gd, gonad; mn, manubrium; mu, longitudinal muscle; nd, nodular lobes; pa, pad-like adhesive structure; pam, paired
arms; tc, secondary tentacles; ws, white spots of nematocysts.

Calvadosia capensis (Carlgren, 1938)
(Fig. 8)

Lucernariopsis capensis Carlgren, 1938: 1-6, figures 1-5; Corbin 1978: 285, 289; Grohmann et al. 1999: 386; Zagal et al.
2011: 652, 660—664; Miranda et al. 2012b: 60—64, figures 1, 2; Miranda ez al. 2016b: 16.
Calvadosia capensis—Miranda et al. 2016b: 19, 34, 36.

Source of data. The original description of C. capensis (Carlgren, 1938) was based on one specimen collected
from intertidal rocks in East London, on the southeast coast of South Africa. The holotype is probably L393, from
Shelly Beach, East London, Eastern Cape, South Africa (type locality). The material is listed in the “University of
Cape Town Ecological Survey” (UCT). In the mid-1980s, UCT donated its museum collections to Iziko South
African Museum. However UCT lent samples to specialists without loans being recorded. Iziko South African
Museum’s curator could not locate the material. In addition, Carlgren (1938) prepared histological sections from
this material and one slide is deposited in the Invertebrates Collection of the Swedish Museum of Natural History,
catalog number NRM:EVmain:115053 (GBIF ID 1099397008). A second individual was recorded from Brazil
and is deposited in the Museum of Zoology of the University of Sdo Paulo, Brazil, catalog number MZUSP 1566
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(Miranda et al. 2012b). To date the species is known only from these preserved specimens and it has never been
seen or photographed alive, despite attempts to collect the species on April 7-8", 2016, in tidal pools on the rock
shore in East London (type locality) and Gunube (about 10km east of East London).

FIGURE 7. Calvadosia tasmaniensis (Zagal, Hirano, Mills, Edgar & Barrett, 2011), preserved specimens (USNM 1233739, A,
D, E; USNM 1233740, B, C, F-L). A: General oral view; B, C: Detail of subumbrellar oral region with gonads and manubrium,;
D: Exumbrellar view, with pad-like adhesive structures on the tips of arms; E: Longitudinal muscle toward the arms; F: Detail
of subumbrellar margin, with white spots of nematocysts; G-L: Detail of erect nodular lobes of gonads, with irregular shape,
sometimes presenting multiple evaginations (indicated by black arrows). Abbreviations: am, arms; gd, gonad; mn, manubrium,;
mu, longitudinal muscle; nd, nodular lobes; pa, pad-like adhesive structure; tc, secondary tentacles; ws, white spots of
nematocysts.
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FIGURE 8. Calvadosia capensis (Carlgren, 1938), preserved specimens. A: Exumbrellar view (modified from Carlgren 1938);
B: Detail of an arm with secondary tentacles and a pad-like adhesive structure (modified from Carlgren 1938); C—E:
Exumbrellar view (modified from Miranda et al. 2012b); F: Detail of paired arms, with secondary tentacles and pad-like
adhesive structures (modified from Miranda ez al. 2012b). Abbreviations: am, arms; cl, calyx; pa, pad-like adhesive structure;
pd, pedal disk; pe, peduncle; tc, secondary tentacles.
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Description. (after Carlgren 1938: figures 1-5 and Miranda er al. 2012b, figure 1). Body divided into two
clearly demarcated regions: calyx and peduncle (Fig. 8A, C—E). Calyx higher than wide, pyramidal, narrowing
basally (Fig. 8A, C-E). Peduncle long, about same length as calyx (Fig. 8 A, C—E). Peduncle without interradial
longitudinal muscle, with single chamber at median region (no histological details at base of peduncle). Broad,
swollen adhesive circular pedal disk at base of peduncle (Fig. 8A, E). Calyx without anchors or primary tentacles
(Fig. 8A, C-E). Gastrovascular cavity not divided by claustrum. Manubrium with four perradial lips. Numerous
gastric filaments in gastrovascular cavity. Eight arms, short, organized in four interradial pairs (Fig. 8A, C-E).
Eight gonads not embedded in gastrovascular cavity (but contained within evaginations from the gastrovascular
cavity), extending from manubrium to distal end of arms, consisting of several nodular lobes of irregular shape.
Each arm with a cluster of secondary hollow knobbed tentacles, similar in shape (Fig. 8B, F). Coronal muscle
divided into eight segments by arms. Secondary tentacles with numerous nematocysts of two types: isorhiza and
eurytele. Thin, pad-like adhesive structures (abaxial cushion) on tips of arms, on exumbrella, at base of tentacular
cluster (Fig. 8B, F). White spots of nematocysts on subumbrella. Preserved specimens green to yellowish brown
(only information on preserved specimens available). Total body length about 6.70 to 13.80 mm.

Distribution and habitat. Although known from only two records, this species is widely distributed, having
been recorded in Shelly Beach, East London, Eastern Cape, South Africa, in the Indian Ocean (Carlgren 1938); and
in Itanhaém, Sdo Paulo, Brazil, in the western Atlantic Ocean (Miranda et al. 2012b) (Fig. 5A, D). South African
and Brazilian specimens were collected attached to Sargassum sp. in the intertidal zone (“University of Cape Town
Ecological Survey”; Miranda et al. 2012b).

Remarks. Calvadosia capensis was described from South Africa based on a single specimen (Carlgren 1938),
and its general morphology (Fig. 8) is similar to C. hawaiiensis, from Hawaii (Edmondson 1930), with a narrowly-
opened (pyramidal) calyx, paired arms, and thin pad-like adhesive structures on the tips of the arms (although
overlooked in C. hawaiiensis by Larson 1980; see Grohmann et al. 1999). However, based on the literature, C.
capensis has shorter arms and longer peduncle compared to C. hawaiiensis (Edmondson 1930, figure 6; Carlgren
1938, figure 1, Miranda et al. 2012b, figure 1).

Suborder Myostaurida Miranda, Hirano, Mills, Falconer, Fenwick, Marques & Collins, 2016b
Family Haliclystidae Haeckel, 1879
Genus Depastromorpha Carlgren, 1935

Depastromorpha africana Carlgren, 1935
(Figs 9, 10)

Depastromorpha africana Carlgren, 1935: 1-24, figures 1-12; Kramp 1961: 300; Grohmann et al. 1999: 386, 387; Dawson
2004: 252, figure 1; Collins & Daly 2005: 222, 226, figures 5—7; Cairns et al. 2009: 70; Zagal et al. 2011: 651-666, figures
2,4, 8; Miranda et al. 2016b: 2, 6, 12-15, 17, 19, 25, 26, 36, figures 1, 3-5, 7, 12, 13.

Material examined. MZUSP 3418, 8 specimens, Sea Point, Cape Town, Western Cape, South Africa (-33.9130,
18.3874), 22 December 2014, intertidal pools, on Gigartina polycarpa, formaldehyde solution 5%, col. & det. C.
Griffiths. MZUSP 3419, 1 specimen, Kalk Bay, Cape Town, Western Cape, South Africa (-34.1266, 18.4498), 28
March 2013, intertidal pools, on Caulerpa filiformis, formaldehyde solution 5%, col. & det. C. Griftiths. MZUSP
2733, 1 specimen, Kalk Bay, Cape Town, Western Cape, South Africa (-34.1266, 18.4498), 25 April 2013,
intertidal pools, on Caulerpa filiformis, ethanol 90%, col. & det. C. Griffiths. MZUSP 2734, 1 specimen, Kalk
Bay, Cape Town, Western Cape, South Africa (-34.1266, 18.4498), 25 April 2013, intertidal pools, on Caulerpa
filiformis, ethanol 90%, col. & det. C. Griffiths. Iziko South African Museum MB-A083795, 1 specimen, Kalk
Bay, Cape Town, Western Cape, South Africa (-34.1266, 18.4498), 28 March 2013, intertidal pools, on Caulerpa
filiformis, formaldehyde solution 5%, col. & det. C. Griffiths. Iziko South African Museum MB-A083796, 1
specimen, Kalk Bay, Cape Town, Western Cape, South Africa (-34.1266, 18.4498), 25 April 2013, intertidal, on
Caulerpa filiformis, ethanol 80%, col. & det. C. Griffiths. Iziko South African Museum MB-A083797 (CP
718A), 1 specimen, Kalk Bay, Cape Town, Western Cape, South Africa (-34.1266, 18.4498), 9 April 1947,
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intertidal, on Caulerpa filiformis, ethanol 80%, col. University of Cape Town Ecological Survey, det. C. Griffiths.
Iziko South African Museum MB-A084063, 5 specimens, Camps Bay, Cape Town, Western Cape, South Africa
(-33.9566, 18.3755), 12 January 2016, intertidal, on various large algae in rock pools, ethanol 80%, col. & det. C.
Griffiths. Iziko South African Museum H 5108, 5 specimens, Castle Rocks, False Bay, Cape Town, Western
Cape, South Africa (-34.2385, 18.4766), 19 January 2003, depth 1 m, ethanol 80%, col. Y. Hirano, det. C. Griffiths.

FIGURE 9. Depastromorpha africana Carlgren, 1935, living specimens. A—C: Exumbrellar views of specimens attached to
Bicurcariopsis capensis (A, B) and to Caulerpa filiformis (C). Abbreviations: am, arms; an, anchors; cl, calyx; gd, gonad; isp,
interradial septum; pd, pedal disk; pe, peduncle; tc, secondary tentacles. Photo credit: Charles Griffiths (A—C).
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FIGURE 10. Depastromorpha africana Carlgren, 1935, preserved specimens (MZUSP 3418, A, B, D, E; MZUSP 3419, C). A:
Margin of exumbrella, with arms and anchors; B: Detail of anchors; C: Individual pad-like adhesive structures in the outermost
secondary tentacles; D: White spots of nematocysts on subumbrella; E: Perradial gonads associated with white spots of
nematocysts on subumbrella. Abbreviations: am, arms; an, anchors; gd, gonad; IR, interradial region; mn, manubrium; pa, pad-
like adhesive structure; PR, perradial region; tc, secondary tentacles; ws, white spots of nematocysts.

Not kept, 3 specimens, Scarborough, Cape Town, Western Cape, South Africa (-34.2017, 18.3702), 19 August
2013, from rockpools, on Sargassum longifolium, observed by G. Jones. Not kept, several specimens, Green Point,
Cape Town, Western Cape, South Africa (—33.8990, 18.4078), 17 March 2014, on Brassicophycus brassicaeformis,
observed by C. Griffiths. Not kept, 4 specimens, Moullie Point, Cape Town, Western Cape, South Africa (—
33.8996, 18.4046), 22 December 2014, intertidal, on Champia, observed by C. Griffiths. Not kept; 1 specimen,
Hermanus, Overberg, Western Cape, South Africa (—34.4210, 19.2437), March 1991, on Codium, observed by C.
Griffiths. Not kept, 5 specimens; Dalebrook, Cape Town, Western Cape, South Africa (-34.1196, 18.4401), 2
April 1966, shallow subtidal, on Caulerpa filiformis, observed by G. Branch. USNM 1233748, 5 specimens,
Gerloff Bay, Victoria, South Australia, Australia, 13 January 1998, intertidal, formaldehyde solution 5%, col. &
det. Y. Hirano

Information on type material. The holotype is probably A194, from Oudekraal, Cape Town, Western Cape,
South Africa (type locality). As mentioned for C. capensis, the material is listed in the “University of Cape Town
Ecological Survey” but could not be located in the 1ziko South African Museum’s collection.

Description. (complemented with Carlgren 1935). Calyx higher than wide, cylindrical (Fig. 9). Peduncle with
four perradial chambers and four interradial longitudinal muscles. Gastrovascular cavity divided by claustrum.
Manubrium with four perradial lips (Fig. 10D, E). Numerous gastric filaments in gastrovascular cavity. Gonads
extending from pyloric region to perradial margin of calyx, embedded in gastrovascular cavity (Figs 9B, C; 10E).
Gonadal vesicles organized in rows (Fig. 9B, C). Eight short (rudimentary) adradial arms (Figs 9, 10). Each arm
with a cluster of about 25 secondary hollow, knobbed tentacles (Figs 9, 10). Individual, pad-like adhesive
structures in outermost secondary tentacles (Fig. 10A—C). Perradial and interradial anchors between arms, with
remnant of primary tentacles (Fig. 10A—C). Coronal muscle entire, internal to anchors. White spots of nematocysts
associated with perradial gonads (Fig. 10D, E). General color of body very variable: orange, green, yellow, white
(Fig. 9). Total body length about 10.0 to 15.0 mm.
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Distribution and habitat. The species was recorded for the first time at Oudekraal, Cape Town, Western
Cape, South Africa (Carlgren 1935) (Fig. 5B, E). Zagal ef al. (2011) extended the occurrence of D. africana to
Victoria and Tasmania, in Australia, and Otago, in New Zealand (Fig. 5B), but molecular data indicated that
Depastromorpha in Australia might be a distinct species (see Depastromorpha sp. AUS in Miranda et al. 2016b
and remarks below). In this study we provide several new records for the species in the Western Cape, South
Africa: Camps Bay, Cape Town; Castle Rocks, False Bay, Cape Town; Dalebrook, Cape Town; Green Point, Cape
Town; Hermanus, Overberg; Kalk Bay, Cape Town; Moullie Point, Cape Town; Scarborough, Cape Town; Sea
Point, Cape Town (Fig. 5B, E). Depastromorpha africana is generally found from the intertidal to shallow subtidal
depths, up to 14 m deep (Zagal et al. 2011), attached to various species of algae (Zagal et al. 2011; this study).

Remarks. Depastromorpha was erected by Carlgren (1935) and comprises the single species, D. africana,
whose original description was based on a single specimen from Oudekraal, Cape Town, South Africa. There are
unpublished observations of the species in Australia and New Zealand (Grohmann et al. 1999), subsequently
confirmed in Victoria and Tasmania (Australia), and Otago (New Zealand) (Zagal et al. 2011; specimens deposited
in the Tasmanian Museum and Art Gallery, TMAG K3857-K3862). According to Zagal et al. (2011), individuals
from Australia and New Zealand matched Carlgren’s (1935) description, although they have slightly smaller
dimensions. However, molecular markers from D. africana of South Australia differ substantially from those from
South African specimens, indicating the existence of a second species of the genus (Miranda et al. 2016b). If
confirmed, D. africana would be endemic to South Africa. Detailed morphological and molecular studies,
comparing the populations from South Africa, Australia, and New Zealand are necessary to assess this hypothesis
and the possible existence of cryptic species (see examples in Knowlton 2000; Dawson & Jacobs 2001). Whatever
the outcome, the South African species will retain its name by priority.

Family Lipkeidae Vogt, 1886
Genus Lipkea Vogt, 1886

Lipkea stephensoni Carlgren, 1933
(Fig. 11)

Lipkea stephensoni Carlgren, 1933: 1-15, figures 1-14; Carlgren 1935: 19, 23; Kramp 1961: 299; Grohmann et al. 1999: 386;
Pisani et al. 2007: 7; Zagal et al. 2011: 652, 663, 664; Miranda et al. 2016b: 20, 26, 32, 38.

Material examined. Iziko South African Museum MB-A083794, 2 specimens, Onrust River, Overberg, Western
Cape, South Africa (-34.4196, 19.1801), January 1992, intertidal pools, under rock, ethanol 70%, col. & det. C.
Griffiths. Not kept, 2 specimens, Smitswinkel Bay, False Bay, Cape Town, Western Cape, South Africa (-34.2743,
18.4728), between 1990-2003, depth 3—4 m, observed by G. Spiby. Not kept, 3 specimens, False Bay (between
Partridge Point and Castle Rocks), Cape Town, Western Cape, South Africa (-34.2457, 18.4795), April 2012, depth
23 m, observed and photographed by G. Jones.

Information on type material. The holotype is probably S185, from Still Bay, Eden, Western Cape, South
Africa (type locality), found in pool under stones. The material is listed in the “University of Cape Town
Ecological Survey” but could not be located in the 1ziko South African Museum’s collection.

Description. (complemented with Carlgren 1933). Calyx elongated, funnel-shaped (Fig. 11). Peduncle single-
chambered, with four interradial longitudinal muscles. Four interradial septa visible in calyx (Fig. 11D, F, G).
Variable number of marginal lappets (arms?), with reduced (rudimentary) tentacles in one row along their margin
(Fig. 11A—C), although some specimens with smooth marginal lappets (Fig. 11D-G). Gastrovascular cavity not
divided by claustrum. Manubrium with four perradial lips (Fig. 11B, D, G). Numerous gastric filaments in
gastrovascular cavity. Gonads embedded in gastrovascular cavity of subumbrella, not extending into marginal
lappets (confined to basal part of calyx) (Fig. 11B, D, G). Perradial and interradial anchors absent. Pad-like
adhesive structures absent. Coronal muscle entire (Fig. 11D, E). White spots of nematocysts on subumbrellar
surface, margin of calyx, and marginal lappets (Fig. 11). General color of body pinkish white (Fig. 11). Total body
length about 8.0 to 16.0 mm.

Distribution and habitat. The type locality for L. stephensoni is Still Bay, Eden, Western Cape, South Africa
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(Carlgren 1933). These new records are also in the Western Cape: Onrust River, Overberg; between Partridge Point
and Castle Rocks, False Bay, Cape Town; Smitswinkel Bay, False Bay, Cape Town (Fig. 5F). The species was
recorded from intertidal pools to 23 m deep, attached to rocks.

FIGURE 11. Lipkea stephensoni Carlgren, 1933, living specimens in the field. A, B, D, F, G: Exumbrellar and subumbrellar
views of different specimens; C: Detail of marginal lappet with rudimentary tentacles; E: Detail of marginal lappet without
rudimentary tentacles. Abbreviations: cl, calyx; cm, coronal muscle; gd, gonad; isp, interradial septum; Ip, marginal lappet; mn,
manubrium; pe, peduncle; rt, rudimentary tentacles; ws, white spots of nematocysts. Photo credits: Georgina Jones (A—C);
Geoff Spiby (D—F); Charles Griffiths (G; Iziko South African Museum MB-A083794).

Remarks. There are three valid species in the genus Lipkea: Lipkea ruspoliana Vogt, 1886, Lipkea sturdzii
(Antipa, 1893), and Lipkea stephensoni Carlgren, 1933. Lipkea ruspoliana was originally recorded from a single
specimen from Alghero, on the Sardinian coast of the Mediterranean Sea (Vogt 1886, 1887). The Sardinian
specimen was defined by its peculiar morphology, with eight marginal lappets in the perradii and interradii with
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mucous glands, but without tentacles (Vogt 1886, 1887). New specimens recently found in aquaria of the
Oceanographic Museum of Monaco have 8-12 adradial lappets (Pisani et al. 2007), raising questions about
intraspecific variation and the homology of these structures with arms and primary tentacles/anchors (Miranda et
al. 2016Db).

Capria sturdzii Antipa, 1893 was described based on one specimen from Capri Island, Gulf of Naples, Italy,
being the only species of the genus Capria and the family Capriidae (Antipa 1893). Carlgren (1933) synonymized
Lipkea and Capria, proposing the name Lipkea sturdzii (see also Kramp 1961). Lipkea sturdzii has not been
observed since its original description, but it differs from L. ruspoliana by the presence of a row of 16-20 tooth-
like or short finger-shaped rudimentary tentacles, which are fused one to another by a web (Antipa 1893; Mayer
1910).

Finally, Lipkea stephensoni is the only formally described Lipkea species outside of Europe. The species was
also described based on a single specimen from Still Bay, Eden, South Africa (Carlgren 1933), characterized by
eight adradial short lappets with 30—40 reduced tentacles in one row along their margin (Fig. 11A—C). However,
the additional specimens that we observed show that the number of marginal lappets is variable in L. stephensoni
(Fig. 11; as seems to be common in Lipkea species, Pisani et al. 2007; Zagal et al. 2011), as is the presence of the
rudimentary marginal tentacles (Fig 11C, E). The original description of L. stephensoni was based on a specimen
found in the intertidal zone (Carlgren 1933), but photographs of not-kept L. stephensoni stauromedusae revealed
that specimens from deeper water (about 23 m deep) have rudimentary tentacles in the lappets (Fig. 11A-C),
whereas intertidal and subtidal specimens (Fig. 11D-G) have smooth marginal lappets, similar to those of L.
ruspoliana, indicating either an intraspecific variation in L. stephensoni or the existence of an additional (new)
species, a hypothesis that cannot be tested until more specimens become available.

Indeed, the identification of Lipkea species is difficult (Zagal er al. 2011), based on subtle differences
(presence or absence, and number and distribution of reduced tentacle-like structures along the margin of each
lappet, Zagal et al. 2011) that have never been tested in a phylogenetic context. In addition, there is little
information on intraspecific variation (Vogt 1886, 1887; Pisani et a/. 2007) and no information on morphological
changes during development. As a consequence, there are numerous unidentified records around the world,
including specimens from Australia (Zagal et al. 2011), New Zealand (Cairns et al. 2009), and Japan (Miranda et
al. 2016b). Australian specimens seem to have a similar morphology to L. stephensoni, with a single row of 18-27
reduced tentacles along the margin of the lappets (Carlgren 1933; Zagal et al. 2011), although, as discussed, it is
equivocal whether the presence of rudimentary tentacles should be considered a diagnostic character (Uchida 1929;
Zagal et al. 2011). Therefore, the validity of described and possibly new Lipkea species remains to be vigorously
tested in further investigations.

Acknowledgements

We are grateful to the late Lewis Jason of the Two Oceans Aquarium in Cape Town, who originally brought the
species named after him here to our attention. Our thanks to Elizabeth Hoenson of the 1ziko South African Museum
for helping to locate historical samples and station data from the museum collections, and to Debbie Robertson-
Anderson who provided material. We are also grateful to photographers Craig Foster, Geoff Spiby, and Georgina
Jones for permission to use their underwater images, and to Dr. Claudia Mills for helpful discussions about
staurozoan identification. We greatly appreciated the comments and suggestions of Dr. Michael Dawson and Dr.
Claudia Mills who helped to improve the quality of this manuscript. This study was supported by: FAPESP 2010/
07362-7 (L.S.M), 2015/23695-0 (L.S.M.), 2010/52324-6 (A.C.M.), 2011/50242-5 (A.C.M.), 2013/50484-4
(A.C.M.); CNPq 142270/2010-5 (L.S.M.), 474672/2007-7 (A.C.M.), 563106/2010-7 (A.C.M.), 562143/2010-6
(A.C.M.), 477156/2011-8 (A.C.M.), 305805/2013-4 (A.C.M.), 445444/2014-2 (A.C.M.); CAPES 16499/12-3
(L.S.M); South African National Research Foundation (NRF) (C.L.G. and GM.B) and the Andrew Mellon
Foundation (GM.B.).

386 - Zootaxa 4227 (3) © 2017 Magnolia Press MIRANDA ET AL.



References

Amor, A. (1962) Sobre Stauromedusae del litoral Patagonico. Notas del Museo de la Universidad Nacional de La Plata,
Zoologia, 20, 89-96.

Antipa, G. (1893) Eine neue Stauromeduse (Capria n. sturdzii n.). Mittheilungen aus der Zoologischen Station zu Neapel, 10,
618-632.

Browne, E.T. (1910) Reports of the natural history results of the voyage of the SS Discovery in the Antarctic regions in 1901,
under Captain R F Scott RN. Coelentera. V. Medusae. British Museum (Natural History), London, 62 pp.

Cairns, S.D., Gershwin, L.-A., Brook, F.J., Pugh, P., Dawson, E.W., Ocafia, V.O., Vervoort, W., Williams, G., Watson, J.E.,
Opresko, D.M., Schuchert, P., Hine, P.M., Gordon, D.P., Campbell, H.J., Wright, A.J., Sanchez, J.A. & Fautin, D.G. (2009)
Phylum Cnidaria: corals, medusae, hydroids, myxozoans. /n: Gordon, D.P. (Ed.), New Zealand Inventory of Biodiversity,
Volume 1. Canterbury University Press, Christchurch, pp. 59-101.

Capriles, V.A. & Martinez, H. (1970) First report of a stauromedusae from Puerto Rico. Caribbean Journal of Science, 10, 106.

Carlgren, O. (1930) Die Lucernariden. Further Zoological Results of the Swedish Antarctic Expedition 1901-1903, 2, 1-18.

Carlgren, O. (1933) Zur Kenntnis der Lucernariiden Lipkea, Capria und Brochiella. Kungliga Fysiografiska Scllskapets
Handlingar, 44, 1-19.

Carlgren, O. (1935) Uber eine neue Siidafrikanische Lucernariidae, Depastromorpha africana n. gen., n. sp., nebst
Bemerkungen iiber den Bau und die Systematik dieser Tiergruppe. Kungliga Svenska Vetenskapsakademiens Handlingar,
15, 1-24.

Carlgren, O. (1938) Eine neue siidafrikanische Lucernariidae, Lucernariopsis capensis. Kungliga Fysiografiska Sdllskapets i
Lund Forhandlingar, 8, 1-6.

Clark, H.J. (1863) Prodromus of the history, structure, and physiology of the order Lucernariae. Journal of the Boston Society
of Natural History, 7, 531-5677.

Collins, A.G. & Daly, M. (2005) A new deepwater species of Stauromedusae, Lucernaria janetae (Cnidaria, Staurozoa,
Lucernariidae), and a preliminary investigation of stauromedusan phylogeny based on nuclear and mitochondrial rDNA
data. Biological Bulletin, 208, 221-230.
https://doi.org/10.2307/3593154

Collins, A.G., Schuchert, P., Marques, A.C., Jankowski, T., Medina, M. & Schierwater, B. (2006) Medusozoan phylogeny and
character evolution clarified by large and small subunit rDNA data and an assessment of the utility of phylogenetic
mixture models. Systematic Biology, 55, 97—115.
https://doi.org/10.1080/10635150500433615

Corbin, P.G. (1978) A new species of the stauromedusan genus Lucernariopsis (Coelenterata: Scyphomedusae). Journal of the
Marine Biological Association of the United Kingdom, 58, 285-290.
https://doi.org/10.1017/S0025315400027983

Davenport, J. (1998) Note on the trophic relationships of the stauromedusa Haliclystus antarcticus from subantarctic South
Georgia. Journal of the Marine Biological Association of the United Kingdom, 78, 663—-664.
https://doi.org/10.1017/S0025315400041709

Dawson, M.N. (2004) Some implications of molecular phylogenetics for understanding biodiversity in jellyfishes, with
emphasis on Scyphozoa. Hydrobiologia, 530/531, 249-260.
https://doi.org/10.1007/s10750-004-2659-3

Dawson, M.N. & Jacobs, D.K. (2001) Molecular evidence for cryptic species of Aurelia aurita (Cnidaria, Scyphozoa).
Biological Bulletin, 200, 92-96.
https://doi.org/10.2307/1543089

Edmondson, C.H. (1930) New Hawaiian medusae. Bernice P. Bishop Museum Occasional Papers, 9, 1-16.

Falconer, A. (2013) A stalked jellyfish Stenoscyphus inabai (Kishinouye, 1893) (Stauromedusae), found at The Jawbone, Port
Phillip Bay, Victoria. Victoria Naturalist, 130, 202-207.

Grohmann, P.A., Magalhdes, M.P. & Hirano, Y.M. (1999) First record of the order Stauromedusae (Cnidaria, Scyphozoa) from
the tropical southwestern Atlantic, with a review of the distribution of Stauromedusae in the southern hemisphere. Species
Diversity, 4, 381-388.

Gwilliam, GF. (1956) Studies on West Coast Stauromedusae. PhD. Dissertation. University of California, Berkeley, 192 pp.

Haeckel, E. (1879) Das system der medusen. I, 2: System der Acraspeden. Zweite Hdlfte des Systems der Medusen. Gustav
Fischer, Jena, pp. 363—395.

Jones, G. (2008) A Field Guide to the Marine Animals of the Cape Peninsula. Southern Underwater Research Group Press,
Cape Town, 271 pp.

Kikinger, R. & Salvini-Plawen. L.V. (1995) Development from polyp to stauromedusa in Stylocoronella (Cnidaria:
Scyphozoa). Journal of the Marine Biological Association of the United Kingdom, 75, 899-912.
https://doi.org/10.1017/S0025315400038236

Kishinouye, K. (1893) Mushi-kurage, Depastrum inabai n.sp. Zoological Magaczine, Tokyo, 5, 416—419.

Knowlton, N. (2000) Molecular genetic analyses of species boundaries in the sea. Hydrobiologia, 420, 73-90.
https://doi.org/10.1023/A:1003933603879

Kramp, P.L. (1952) Reports on the Lund University Chile Expedition 1948—49. 2. Medusae collected by the Lund University

STALKED JELLYFISHES OF SOUTH AFRICA Zootaxa 4227 (3) © 2017 Magnolia Press - 387



Chile Expedition 1948-49. Lunds Universitets Arsskrift, 47, 1-19.

Kramp, P.L. (1957) Medusae. B.A.N.Z. Antarctic Research Expedition, Reports, Series B, 6, 151-164.

Kramp, P.L. (1961) Synopsis of the medusae of the world. Journal of the Marine Biological Association of the United
Kingdom, 40, 292-303.
https://doi.org/10.1017/S0025315400007438

Lamouroux, J.V.F. (1815) Mémoire sur la Lucernaire campanulée. Mémoirs du Muséum d’ Histoire Naturelle, 11, 460—473.

Larson, R.J. (1980) A new stauromedusa, Kishinouyea corbini (Scyphozoa, Stauromedusae) from the tropical western Atlantic.
Bulletin of Marine Science, 30, 102—107.

Lechuga, GR. & Alamo, M.A.F. (2005) Primer registro de Kishinouyea corbini Larson, 1980 (Cnidaria: Scyphozoa,
Stauromedusae) para México. Revista de la Sociedad Mexicana de Historia Natural, 7, 107-110.

Ling, S.W. (1937) Studies on Chinese Stauromedusae. I. Stauromedusae from Tsingtao. 4moy Marine Biological Bulletin, 3, 1—
35.

Lutz, R.A., Collins, A.G., Annis, E.R., Reed, A.J., Bennett, K.F., Halanych, K.M. & Vrijenhoek, R.C. (2006) Stauromedusan
populations inhabiting deep-sea hydrothermal vents along the southern East Pacific Rise. Cahiers de Biologie Marine, 47,
409-413.

Marques, A.C. & Collins, A.G. (2004) Cladistic analysis of Medusozoa and cnidarian evolution. /nvertebrate Biology, 123, 32—
42.
https://doi.org/10.1111/j.1744-7410.2004.tb00139.x

Mayer, A.G. (1910) Medusae of the world. Volume III. Scyphomedusae. Carnegie Institution Publishing, Washington,
Publication 109, pp. 499-735.

Mclnnes, D.E. (1989) A stalked jellyfish (Stauromedusae) found at Black Rock, Port Phillip Bay. A first recording in Australia.
Victorian Naturalist, 106, 86-92.

Mejia-Sanchez, N. & Marques, A.C. (2013) Getting information from ethanol preserved nematocysts of the venomous
cubomedusa Chiropsalmus quadrumanus: a simple technique to facilitate the study of nematocysts. Latin American
Journal of Aquatic Research, 41, 166—169.
https://doi.org/10.3856/vol4 1-issuel-fulltext-14

Mianzan, H.W. (1989) Sistematica y zoogeografia de Scyphomedusae en aguas neriticas argentinas. /nvestigaciones Marinas
CICIMAR, 4, 15-34.

Mills, C.E. & Hirano, Y.M. (2007) Stauromedusae. /n: Denny, M.W. & Gaines, S.D. (Eds.), Encyclopedia of tidepools and
rocky shores. University of California Press, Berkeley, pp. 541-543.

Miranda, L.S., Morandini, A.C. & Marques, A.C. (2009) Taxonomic review of Haliclystus antarcticus Pfeffer, 1889
(Stauromedusae, Staurozoa, Cnidaria), with remarks on the genus Haliclystus Clark, 1863. Polar Biology, 32, 1507—1519.
https://doi.org/10.1007/s00300-009-0648-8

Miranda, L.S., Collins, A.G. & Marques, A.C. (2010) Molecules clarify a cnidarian life cycle — the “hydrozoan” Microhydrula
limopsicola is an early life stage of the staurozoan Haliclystus antarcticus. PLoS ONE, 5, e¢10182.
https://doi.org/10.1371/journal.pone.0010182

Miranda, L.S., Morandini, A.C. & Marques, A.C. (2012a) Do Staurozoa bloom? A review of stauromedusan population
biology. Hydrobiologia, 690, 57—67.
https://doi.org/10.1007/s10750-012-1048-6

Miranda, L.S., Haddad, M.A., Mills, C.E. & Marques, A.C. (2012b) Lucernariopsis capensis Carlgren, 1938 (Cnidaria,
Staurozoa) in Brazil: first record outside its type locality in South Africa. Zootaxa, 3158, 60—64.

Miranda, L.S., Collins, A.G. & Marques, A.C. (2013) Internal anatomy of Haliclystus antarcticus (Cnidaria, Staurozoa) with a
discussion on histological features used in staurozoan taxonomy. Journal of Morphology, 274, 1365—1383.
https://doi.org/10.1002/jmor.2023 1

Miranda, L.S., Collins, A.G., Hirano, Y.M., Mills, C.E. & Marques, A.C. (2016a) Comparative internal anatomy of Staurozoa
(Cnidaria), with functional and evolutionary inferences. PeerJ, 4, €2594.
https://doi.org/10.7717/peerj.2594

Miranda, L.S., Hirano, Y.M., Mills, C.E., Falconer, A., Fenwick, D., Marques, A.C. & Collins, A.G. (2016b) Systematics of
stalked jellyfishes (Cnidaria: Staurozoa). PeerJ, 4, €1951.
https://doi.org/10.7717/peerj.1951

Oka, A. (1897) Sur une nouvelle espéce Japonaise du genre Lucernaria. Annotationes Zoologicae Japonenses, 1, 141-145.

Okubo, T. (1917) Preliminary note on a new genus of Stauromedusae from Hokkaido. Zoological Magazine, 29, 317-322.

Petersen, K.W. (1979) Development of coloniality in Hydrozoa. /n: Larwood, G. & Rosen, B.R. (Eds.), Biology and
Systematics of Colonial Animals. Academic Press, New York, pp. 105—139.

Pfeffer, G. (1889) Zur Fauna von Suid-Georgien. Jahrbuch der Hamburgischen Wissenschafilichen Anstalten, 6, 37-55.

Pisani, V., Otero-Ferrer, F., Lotto, S., Maurel, P. & Goy, J. (2007) Lipkea ruspoliana Vogt, 1887 (Stauromedusae, Scyphozoa,
Cnidaria) dans les aquariums du Musée Océanographique de Monaco. Bulletin de la Société Zoologique de France, 132,
183-190.

Quezada, Q.A.E. (1969) Haliclystus auricula (Rathke 1806) (Coelenterata, Scyphozoa, Stauromedusae) en el Golfo de Arauco
(Chile). Boletin de la Sociedad de Biologia de Concepcion, XLII, 75-80.

Uchida, T. (1929) Studies on the Stauromedusae and Cubomedusae, with special reference to their metamorphosis. Japanese

388 - Zootaxa 4227 (3) © 2017 Magnolia Press MIRANDA ET AL.



Journal of Zoology, 2, 103—193.

Vanhoffen, E. (1908) Die Lucernariden und Scyphomedusen der Deutschen Siidpolar-Expedition 1901-1903. Deutsche
Siidpolar-Expedition, 10, 25—49.

Verrill, A.E. (1865) Classification of polyps. Proceedings of the Essex Institute Communications, 4, 145.

Vogt, C. (1886) Sur une médusaire sessile, Lipkea ruspoliana. Archives des Sciences, 16, 356—362.

Vogt, C. (1887) Sur un nouveau genre de médusaire sessile Lipkea ruspoliana c.v. Imprimerie Centrale Genevoise, Geneve, 53
pp-

von Lendenfeld, R. (1884) The Schyphomedusae of the Southern Hemisphere. Proceedings of the Linnean Society of New
South Wales, 9, 155-169.

Wietrzykowski, W. (1912) Recherches sur le développement des Lucernaires. Archives de Zoologie Expérimentale et Générale,
Series 5, 10, 1-95.

Zagal, C.J. (2004a) Diet of stauromedusa Haliclystus auricula from southern Chile. Journal of the Marine Biological
Association of the United Kingdom, 84, 337-340.
https://doi.org/10.1017/S0025315404009245h

Zagal, C.J. (2004b) Population biology and habitat of the stauromedusa Haliclystus auricula in southern Chile. Journal of the
Marine Biological Association of the United Kingdom, 84, 331-336.
https://doi.org/10.1017/S0025315404009233h

Zagal, C.J. (2008) Morphological abnormalities in the stauromedusa Haliclystus auricula (Cnidaria) and their possible causes.
Journal of the Marine Biological Association of the United Kingdom, 88, 259-262.
https://doi.org/10.1017/S0025315408000179

Zagal, C.J., Hirano, Y.M., Mills, C.E., Edgar, G.J. & Barrett, N.S. (2011) New records of Staurozoa from Australian coastal
waters, with a description of a new species of Lucernariopsis Uchida, 1929 (Cnidaria, Staurozoa, Stauromedusae) and a
key to Australian Stauromedusae. Marine Biology Research, 7, 651—666.
https://doi.org/10.1080/17451000.2011.558097

STALKED JELLYFISHES OF SOUTH AFRICA Zootaxa 4227 (3) © 2017 Magnolia Press - 389



	Abstract
	Introduction
	Material and methods
	Systematic account
	Phylum Cnidaria Verrill, 1865
	Subphylum Medusozoa Petersen, 1979
	Class Staurozoa Marques & Collins, 2004
	Order Stauromedusae Haeckel, 1879
	Suborder Amyostaurida Miranda, Hirano, Mills, Falconer, Fenwick, Marques & Collins, 2016b
	Family Kishinouyeidae Uchida, 1929
	Genus Calvadosia Clark, 1863
	Calvadosia lewisi sp. nov.
	Calvadosia capensis (Carlgren, 1938)
	Suborder Myostaurida Miranda, Hirano, Mills, Falconer, Fenwick, Marques & Collins, 2016b
	Family Haliclystidae Haeckel, 1879
	Genus Depastromorpha Carlgren, 1935
	Depastromorpha africana Carlgren, 1935
	Family Lipkeidae Vogt, 1886
	Genus Lipkea Vogt, 1886
	Lipkea stephensoni Carlgren, 1933
	Acknowledgements
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Impact
    /LucidaConsole
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice


