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Abstract In this review, we present the current state of bio-
diversity knowledge for the class Staurozoa (Cnidaria), in-
cluding richness estimates, geographical and bathymetric dis-
tributions, substrate use, feeding, behavior, life cycle, and con-
servation. Based on non-parametric, statistical incidence esti-
mators, the global inventory of 50 known and accepted spe-
cies of stalked jellyfishes might be regarded as close to com-
plete, but we discuss possible bias related to the lower research
effort applied in the Southern Hemisphere. Most of the species
occur at mid-latitudes, presenting a distributional pattern that
disagrees with the classic pattern of diversity (higher richness
near the Equator). Specimens are frequently found on algae,
but they have also been reported attached to rocks, seagrasses,
shells, mud, sand, coral/gorgonian, sea cucumber, and

serpulid tube. Most of the species are found in the intertidal
and shallow subtidal regions, but species of Lucernaria have
been reported at more than 3000 m deep. Amphipods and
copepods are the prey items most frequently reported, and
stauromedusae have been observed being actively preyed up-
on by nudibranch mollusks and pycnogonids. Apparently,
stalked jellyfishes have a high sensitivity to anthropic impacts
in the environment, and promotion of the class, one of the least
studied among Cnidaria, is perhaps the best possible conser-
vation strategy.

Keywords Stauromedusae . Distribution . Substrate .

Development . Feeding . Behavior

Introduction

Staurozoa is a class of Cnidaria currently represented by 50
species organized in 11 genera, 6 families and 2 suborders
(Fig. 1; Table 1) (Miranda et al. 2016a, 2017). As do most
of the medusozoans (Petersen 1979; Collins 2002; Collins
et al. 2006), stalked jellyfishes have a life cycle with two main
generations, known as the stauropolyp and the stauromedusa
(Wietrzykowski 1912; Kikinger and Salvini-Plawen 1995;
Miranda et al. 2010, 2013). However, the difference between
these two stages in Staurozoa is more subtle than in other
medusozoan classes (i.e., Cubozoa, Hydrozoa, and
Scyphozoa; Marques and Collins 2004; Collins et al. 2006),
and completely different from the life cycle of the parasitic
Myxozoa (Okamura et al. 2015). In Staurozoa, the metamor-
phosis is mainly observed in the apical region (i.e., calyx) and
the stauromedusa remains attached to the substrate by a pe-
duncle (Fig. 2; Kikinger and Salvini-Plawen 1995; Miranda
et al. 2010). The basic structures found in the calyx are the
manubrium, the gonads, and eight arms with knobbed
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tentacular clusters (Fig. 2; Miranda et al. 2013, 2016a). In
some species, a rhopalioid (or anchor) lies between each arm
(Fig. 2), apparently helping the animals in transience adhere to
substrata (Miranda et al. 2013). In general, stauromedusae
have a funnel-shaped body (Fig. 2a), although there are many
variations, including cruciform species (Fig. 2b, c).

The unique morphology and life cycle of staurozoans have
direct implications on their ecology. These animals have a
marine benthic habitat and are primarily reported in temperate
and boreal waters attached to algae or rocks in intertidal and
subtidal pools (Mills and Hirano 2007). Typically, they also
have patchy distributions (Miranda et al. 2010, 2012a), possi-
bly related to their asexual reproduction and limited capability
of dispersion (Otto 1976, 1978; Miranda et al. 2010).
However, there are remarkable exceptions to this general pat-
tern, for example, tropical (Larson 1980; Grohmann et al.
1999) and hydrothermal-associated species (Lutz et al. 1998,
2006; Collins and Daly 2005), which raise important ques-
tions about how staurozoans have evolved and diversified.
Indeed, information about staurozoan diversity in the literature
is still limited, and the class is probably the least known and
studied among Cnidaria. Only recently a phylogenetic hypoth-
esis was proposed for Staurozoa, which resulted in a broad
taxonomic reassessment (Table 1; Miranda et al. 2016a), dem-
onstrating the need for additional studies focused on this
group. We review here for the first time the global diversity
of Staurozoa in light of the new phylogenetic proposal
(Miranda et al. 2016a). We assess the current state of biodi-
versity knowledge of the class, including known and estimat-
ed richness, geographical and bathymetric distributions, sub-
strate use, feeding, behavior, life cycle, and conservation. This
information is crucial for macroecological and macroevolu-
tionary perspectives on the group.

Material and methods

A review of geographic distribution, bathymetric distribution,
and substrate use is presented based on information and refer-
ences listed in the Online Resource 1, Online Resource 2, and
Online Resource 3, respectively. Distributional maps were
constructed using DIVA-GIS (Hijmans et al. 2001), based on
marine realms and ecoregions (Spalding et al. 2007; files
available at http://www.marineregions.org/downloads.php).
Geographic data were georeferenced from site names
described in the literature (Online Resource 1) using
Google™ Earth (version 7). We considered that records with
equal latitudinal and longitudinal values, to two decimal
places, belong to the same locality.

We used the Chao2 statistic (Chao 1987; Colwell and
Coddington 1994) in order to estimate the number of unde-
tected species in the assemblage (Colwell and Coddington
1994; Fautin et al. 2013). Chao2 is a non-parametric incidence
(presence-absence) estimator that uses counts of singletons
(unique) and doubletons (two occurrences), i.e., species that
are present in only one and two samples, respectively (rare
species), and the total number of observed species in the sam-
ple (Basualdo 2011). Chao2 has been shown to perform well
in different studies (Melo and Froehlich 2001; Basualdo
2011), and its advantage is that it does not require information
on the number of individuals per sample (Unterseher et al.
2008), data rarely mentioned in the literature of Staurozoa.
Comparing the observed number of species with an estimate
of the total allows one to assess the degree of completeness of
inventories (Nakamura and Soberón 2008). EstimateS
(version 9; Colwell 2013) was used to calculate the classic
and bias-corrected Chao2 estimators, with 95% confidence
intervals (see Colwell 2013; see appendix B of EstimateS

Fig. 1 Number of species for
staurozoan suborders
(Amyostaurida, red shades; and
Myostaurida, blue shades),
families, and genera
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User’s Guide for more detail). To assess the completeness of
the global staurozoan inventory, we calculate the ratio Sobs

(observed number of species in a sample) to ŜChao2 (estimated
number of species), described as the index of completeness

Table 1 Current taxonomy of
stalked jellyfishes (phylum
Cnidaria, class Staurozoa)

Suborder Family Genus Species

Amyostaurida

Miranda et al. 2016a

Craterolophidae

Uchida 1929

Craterolophus

Clark 1863

C. convolvulus (Johnston 1835)
C. macrocystis von Lendenfeld 1884

Kishinouyeidae

Uchida 1929

Calvadosia

Clark 1863

C. campanulata (Lamouroux 1815)
C. capensis (Carlgren 1938)
C. corbini (Larson 1980)
C. cruciformis (Okubo 1917)
C. cruxmelitensis (Corbin 1978)
C. hawaiiensis (Edmondson 1930)
C. lewisi Miranda et al. 2017
C. nagatensis (Oka 1897)
C. tasmaniensis (Zagal et al. 2011)
C. tsingtaoensis (Ling 1937)
C. vanhoeffeni (Browne 1910)

Myostaurida

Miranda et al. 2016a

Haliclystidae

Haeckel 1879

Depastromorpha

Carlgren 1935

D. africana Carlgren 1935

Depastrum

Gosse 1858

D. cyathiforme (Sars 1846)

Haliclystus

Clark 1863

H. antarcticus Pfeffer 1889
H. auricula Clark 1863
H. borealis Uchida 1933
H. californiensis Kahn et al. 2010
H. inabai (Kishinouye 1893)
H. kerguelensis Vanhöffen 1908
H. monstrosus (Naumov 1961)
H. octoradiatus Clark 1863
H. salpinx Clark 1863
H. Bsanjuanensis^ nomen nudum
H. sinensis Ling 1937
H. stejnegeri Kishinouye 1899
H. tenuis Kishinouye 1910

Halimocyathus

Clark 1863

H. platypus Clark 1863

Manania

Clark 1863

M. atlantica (Berrill 1962)
M. auricula (Fabricius 1780)
M. distincta (Kishinouye 1910)
M. gwilliami Larson and Fautin 1989
M. handi Larson and Fautin 1989
M. hexaradiata (Broch 1907)
M. uchidai (Naumov 1961)

Kyopodiidae

Larson 1988

Kyopoda

Larson 1988

K. lamberti Larson 1988

Lipkeidae

Vogt 1886

Lipkea

Vogt 1886

L. ruspoliana Vogt 1886
L. stephensoni Carlgren 1933
L. sturdzii (Antipa 1893)

Lucernariidae

Johnston 1847

Lucernaria

Müller 1776

L. australis Vanhöffen 1908
L. bathyphila Haeckel 1879
L. haeckeli (Antipa 1892)
L. infundibulum Haeckel 1879
L. janetae Collins and Daly 2005
L. quadricornis Müller 1776
L. sainthilairei (Redikorzev 1925)
L. walteri (Antipa 1892)

Stylocoronella

Salvini-Plawen 1966

S. riedli Salvini-Plawen 1966
S. variabilis Salvini-Plawen 1987
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(Ĉ; Nakamura and Soberón 2008; Fautin et al. 2013). When
Ĉ = 1, the inventory is complete (Nakamura and Soberón
2008; Fautin et al. 2013), and we evaluated this null hypoth-
esis (H0: Ĉ = 1) using the method described in Nakamura and
Soberón (2008), with a significance level of 0.05.

Results & discussion

Ecology and diversity of Staurozoa

Completeness of knowledge and richness estimate

Currently, with 50 valid species (Miranda et al. 2016a, 2017),
Staurozoa is one of the least diverse classes among the phylum
Cnidaria (Daly et al. 2007). The family Haliclystidae has
about half the richness of the class (23 species), and
Haliclystus (family Haliclystidae, suborder Myostaurida) and
Calvadosia (family Kishinouyeidae, suborder Amyostaurida)
are the most diverse genera, with 13 and 11 species, respec-
tively, collectively accounting for almost half of the known
staurozoan richness (Fig. 1; Table 1).

We detected five species sampled just once (singletons) and
seven doubletons (Tables 2, 3). We compared the observed
number of species with richness estimation to assess the

degree of completeness of inventories (Ĉ; Table 3). In both
cases, using classic and bias-corrected Chao2 estimators, we
did not reject the null hypothesis (5% significance level),
which suggests that the inventory of stalked jellyfishes, ac-
cording to these indexes, might be regarded as essentially
complete.

However, although this result would indicate a satisfactory
current knowledge of staurozoan diversity, a recent staurozoan
molecular phylogeny (Miranda et al. 2016a) suggests the exis-
tence of at least seven possible new species (including
Calvadosia lewisi Miranda et al. 2017, recently described), for
which additional material is being collected and/or morphologi-
cally analyzed in order to be adequately described (Miranda et al.
2016a, 2017). Another possible indication that the species rich-
ness may be an underestimate is the species accumulation curve,
which does not seem to be close to saturation (Fig. 3).

In fact, incidence estimators (as Chao2) are expected to
compute different species richness values as sampling effort
increases (Basualdo 2011). Consequently, these conflicting
results can be explained by a bias in sampling effort, which
may be related to the restricted number of scientists working
on Staurozoa (see example of bias towards collection and
taxonomic efforts in Van Soest et al. 2012), especially in the
Southern Hemisphere. Six of the seven probable new species
pointed out by Miranda et al. (2016a) occur in the Southern
Hemisphere (South Africa, Australia, New Zealand, and
French Polynesia) and, as sampling in this region increases,
the richness of Staurozoa will probably increase (see also
Miranda et al. 2017). Indeed, despite broader research pro-
grams focusing on the biodiversity of the Southern Ocean
(Arntz 1997), the research effort applied to different taxonom-
ic groups has not been uniform and the Northern Hemisphere
traditionally has been better sampled than the Southern
Hemisphere (López-González and Gili 2000), which is almost
certainly the case for Staurozoa (Miranda et al. 2017).

In addition, although most species of Staurozoa occur in
shallow waters (see details in the section BBathymetric
range^), there are also species recorded in the deep sea (e.g.,
Lucernaria janetae in more than 3000 m, Collins and Daly
2005; Lutz et al. 2006). Less than 10% of the deep sea has
been mapped, and 60% of the planet is below 1000 m deep
(Costello et al. 2012), which might also contribute to a possi-
ble underestimation of the diversity of stalked jellyfishes.

Geographic distribution

Stalked jellyfishes have been recorded in 415 localities around
the world (Fig. 4), 52 (12.5%) of them exclusively for uniden-
tified (or doubtfully identified, i.e., above species level iden-
tification) records. These records cover approximately 152° of
latitude, from 72.28°S to 79.99°N, and 348° of longitude,
from 170.40°W to 177.59°E (Figs. 4, 5 and 6). After assigning
published observations to their most probably correct species

Fig. 2 General morphology of stalked jellyfishes. a) Lateral view of
Haliclystus borealis (algal substrate shows prominently behind
stauromedusa on left half of photograph); b) lateral view of Calvadosia
nagatensis (algal substrate shows prominently behind stauromedusa on
left half of photograph); c) oral view of Calvadosia cruciformis.
Abbreviations: am, arm; an, anchor; cl, calyx; gd, gonad; mn,
manubrium; pam, paired arm; pd., pedal disk; pe, peduncle; tc,
tentacular cluster
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Table 2 Distributional
information for Staurozoa.
Number of localities where each
species has been recorded,
number of latitudinal bands
(considering a 10° band), globally
unique species (occur in just one
locality in the globe), and the
latitudinal zone where each
species has been recorded

Species N° of localities N° of bands Globally unique Latitudinal zone

Calvadosia campanulata 33 3 No Temperate

Calvadosia capensis 2 2 No Temperate

Calvadosia corbini 6 2 No Tropical

Calvadosia cruciformis 10 2 No Temperate

Calvadosia cruxmelitensis 13 2 No Temperate

Calvadosia hawaiiensis 2 1 No Tropical

Calvadosia lewisi 5 1 No Temperate

Calvadosia nagatensis 9 1 No Temperate

Calvadosia tasmaniensis 6 2 No Temperate

Calvadosia tsingtaoensis 2 1 No Temperate

Calvadosia vanhoeffeni 12 2 No Polar

Craterolophus convolvulus 16 3 No Temperate; polar

Craterolophus macrocystis 2 1 No Temperate

Depastromorpha africana 14 2 No Temperate

Depastrum cyathiforme 22 5 No Temperate; polar

Haliclystus antarcticus 14 4 No Temperate; polar

Haliclystus auricula 17 4 No Temperate; polar

Haliclystus borealis 14 1 No Temperate

Haliclystus californiensis 5 1 No Temperate

Haliclystus inabai 16 4 No Temperate

Haliclystus kerguelensis 4 1 No Polar

Haliclystus monstrosus/salpinx 14 2 No Temperate

Haliclystus octoradiatus 16 4 No Temperate

Haliclystus Bsanjuanensis^ 6 2 No Temperate

Haliclystus sinensis 3 1 No Temperate

Haliclystus stejnegeri 21 4 No Temperate; polar

Haliclystus tenuis 16 2 No Temperate

Halimocyathus platypus 1 1 Yes Temperate

Manania atlantica 3 1 No Temperate

Manania auricula 26 3 No Temperate; polar

Manania distincta 9 2 No Temperate

Manania gwilliami 19 3 No Temperate

Manania handi 3 1 No Temperate

Manania hexaradiata 1 1 Yes Polar

Manania uchidai 12 2 No Temperate

Kyopoda lamberti 2 2 No Temperate

Lipkea ruspoliana 2 1 No Temperate

Lipkea stephensoni 4 1 No Temperate

Lipkea sturdzii 1 1 Yes Temperate

Lucernaria australis 3 1 No Polar

Lucernaria bathyphila 3 1 No Temperate; polar

Lucernaria haeckeli 2 1 No Polar

Lucernaria infundibulum 1 1 Yes Polar

Lucernaria janetae 4 4 No Tropical (deep-sea)

Lucernaria quadricornis 66 4 No Temperate; polar

Lucernaria sainthilairei 13 1 No Polar

Lucernaria walteri 1 1 Yes Polar

Stylocoronella riedli 6 1 No Temperate

Stylocoronella variabilis 3 2 No Temperate
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names, the average number of localities per species (50) is
about 10, and 5 species have been recorded from more than
20 localities (Table 2):Haliclystus stejnegeri (21), Depastrum
cyathiforme (22), Manania auricula (26), Calvadosia
campanulata (33), and Lucernaria quadricornis (66).
Twenty-three species (46%) have been recorded in only one
band of 10° of latitude, and 5 of them (10%) are known from a
single locality in that band (globally unique): Halimocyathus
platypus, Manania hexaradiata, Lipkea sturdzii, Lucernaria
infundibulum and Lucernaria walteri (Table 2). There are 8
species (16%) exclusive to the polar region, 30 species (60%)
exclusive to the temperate region, 8 species (16%) occurring
in both temperate and polar regions, and 3 species (6%) ex-
clusive to the tropical region (but one of them, Lucernaria

janetae, occurs in the deep sea; Table 2). Thirty-seven species
(76%) occur in the Northern Hemisphere, 10 species (18%) in
the Southern Hemisphere, and 3 species (6%) in both hemi-
spheres. A higher number of species (6–8) was recorded in the
ecoregions BCeltic Seas^, BGulf of Maine/Bay of Fundy ,̂
BNorth and East Barents Seas^, BNorth Sea^, BNortheastern
Honshu^, BSea of Japan/East Sea^ and BYellow Sea^ (Fig. 7).

Most of the records of stalked jellyfishes are clearly located
in the temperate region of the Northern Hemisphere (Figs. 4,
5, 6 and 7). However, there is a possible bias related to col-
lection efforts, as addressed in the section BCompleteness of
knowledge and richness estimate^. Coastline length can also
add a sampling artifact, especially for benthic animals (Fautin
et al. 2013). This is likely the case for stauromedusae, with a
low number of species at the latitudinal band between 50°–
60°S (Figs. 5 and 6), the band with the shortest coastline
length.

Even though our understanding of global marine diversity
is still limited (Tittensor et al. 2010), the higher diversity of
Staurozoa in temperate regions (Fig. 5) disagrees with classic
patterns of diversity, in which richness is higher near the
Equator and decreases towards the poles (Willig et al. 2003;
Fautin et al. 2013). However, there are other exceptions to this
pattern, such as the sea anemones (Fautin et al. 2013) and
benthic marine algae (Kerswell 2006), groups that have higher
species richness at mid-latitudes. The distribution of benthic
marine algae is particularly interesting, because algae seem to
be the preferential substrate of stauromedusae (see section
BSubstrate^). Algal genera exhibit a high biodiversity in tem-
perate regions and decreasing richness towards the tropics and
polar region (Kerswell 2006), similar to Staurozoa. The biotic
interactions between algae and stauromedusae may surpass
physical variables, resulting in an apparent close relationship,
in which the life cycle of the algae likely affects the life cycle
of at least some stalked jellyfishes (Uchida 1929), and these

Table 3 Richness estimation for Staurozoa

Classic form (Chao2) Bias-corrected
form (Chao2*)

Sobs 50 50

Singleton 5 5

Doubletons 7 7

M 363 363

Ŝ 51.78 51.24

Ŝ 95% CI Lower bd. 50.27 50.16

Ŝ 95% CI Upper bd. 61.64 59.49

Var (Ŝ) 4.77 2.98

Ĉ 96.56% 97.58%

Reject Ho (α = 5%) Ĉ < 93.08% - No Ĉ < 94.47% - No

Sobs: number of known species; singleton (unique): number of species
that occurs in one locality; doubletons (duplicate): number of species that
occurs in exactly two localities; M: number of localities recorded for
identified species of Staurozoa; Ŝ: number of estimate species; Var (Ŝ):
variance of the number of estimate species; Ĉ: completeness of inventory

Fig. 3 Accumulation of the
number of described species of
Staurozoa through time
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interactions could be a major factor explaining the current
distribution of stalked jellyfishes (see section BSubstrate^ for
more information).

The affinity between northern and southern temperate com-
ponents separated by a distinct equatorial gap, known as
antitropicality (Crame 1993), is also remarkable. The evolu-
tionary reason for this pattern is one of the most intriguing
questions in biogeography: Bhow did taxa apparently intoler-
ant to tropical conditions become represented in both
Northern and Southern Hemispheres?^ (Lindberg 1991;
Crame 1993; Burridge 2002: 151). In Staurozoa, the genera
Craterolophus, Haliclystus, Lucernaria (excluding the deep-
sea records), and Lipkea are antitropical (bipolar and/or
bitemperate; Fig. 8). Most of the records of Calvadosia are
also antitropical, but the genus is an exception within
Staurozoa, with species inhabiting the tropical region (Fig. 8).

However, apparently there are no bipolar/bitemperate species
in the class. Haliclystus auricula, for example, was at one time
considered a bipolar species, but molecular and morphological

evidence (Miranda et al. 2009, 2010) demonstrate that specimens
in the Southern Hemisphere (Argentina: Kramp 1952; Amor
1962; Chile: Zagal 2004a, b, 2008) are actually Haliclystus
antarcticus (see Miranda et al. 2010). Haliclystus inabai is also
recorded for the temperate Southern and Northern Hemispheres
(McInnes 1989; Kramp 1961; Hirano 1986; Zagal et al. 2011;
Falconer 2013). However, according to molecular results, the
population of the Northern Hemisphere (Japan) is genetically
distinct from the Southern Hemisphere (Australia), and the spec-
imens from the Southern Hemisphere could represent a species
new to science (Miranda et al. 2016a).

On average, the species of Staurozoa have a latitudinal range
two times narrower than their longitudinal range (10° band).
Restricted latitudinal ranges might be related to narrow ecologi-
cal tolerance and/or effective dispersal limitation (Tronholm et al.
2012). Thermal tolerance is one of the most important latitudinal
range determinants for marine invertebrates (Tronholm et al.
2012; Jablonski et al. 2013). A potential increase in the temper-
ature of the oceans can negatively affect different life history

Fig. 4 Geographic distribution of
Staurozoa. Distribution (filled red
circles) plotted over the marine
realms proposed by Spalding
et al. (2007)

Fig. 5 Latitudinal richness of
Staurozoa (bands of 10° latitude).
Number of species represented by
filled black rectangles; hollow
rectangles represent genus level
identifications, and each
rectangle symbolizes a different
genus
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stages (Byrne 2011; Byrne and Przeslawski 2013), particularly
for invertebrates living in the intertidal zone such asmany stalked
jellyfishes that, in spite of presenting some resilience due to the
daily fluctuations in temperature associated with the tidal cycle,
are already probably living near their physiological tolerance
limits (Byrne and Przeslawski 2013). Additionally, the life cycle
of Staurozoa seems to be modulated by seasonal changes in
temperature (Miranda et al. 2012a). Therefore, increases in ocean
temperature could have serious impacts on staurozoan
populations.

Substrate

Stauromedusae are frequently found on algae, for which 8 of
11 genera (72.72%) have been recorded (Fig. 9). The second
most common substrate is rock (also recorded as stone and

gravel; 54.54%) and seagrass (Zostera; 54.54%), followed by
shell (36.36%), mud (18.18%), sand (18.18%) and coral/
gorgonian (18.18%), and sea cucumber (9.09%) and serpulid
tube (9.09%). The stalked jellyfishes have never been reported
attached to artificial substrate (Fig. 9), probably reducing the
possibility of human-mediated transport and, consequently,
bioinvasion.

Lucernaria, Calvadosia, and Haliclystus are the genera
recorded on the largest number of substrates (six, five and
four types, respectively; Fig. 9). These genera are also the
most diverse, with 8, 11, and 13 species, respectively
(Fig. 1; Table 1).

Generally, stauromedusae are very well camouflaged (col-
or and morphology) to match their surroundings (Fig. 2;
Mayer 1910; Corbin 1978; Mills and Hirano 2007).
Particularly, camouflage against a background of algae makes

Fig. 6 Global localities where
Staurozoa have been recorded.
Number of localities (filled black
rectangles) where representatives
of the class Staurozoa have been
recorded, for each band of 10°
latitude

Fig. 7 Richness of Staurozoa.
Number of species of Staurozoa
in the marine ecoregions
proposed by Spalding et al.
(2007). Yellow: 1–2 species;
orange: 3–5 species; red: 6–8
species; dark gray (*): genus level
identifications (including
undescribed species)
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these animals very cryptic, although the mechanisms involved
in this adaptive (?) process are not well known. Interestingly, it
has been observed that when a stalked jellyfish is removed
from its algal substrate, it leaves a small whitish disk with the
same dimensions of its pedal disk, suggesting that the animal
may have absorbed the pigments from the alga (Migot 1922a).
There is not enough information to suggest whether stalked
jellyfishes are generalists or specialists concerning their algal
substrates. However, Haliclystus antarcticus was recorded at-
tached to at least 13 species of algae in the same area in Chile
(Zagal 2004a) and Haliclystus Bsanjuanensis^ was observed
on 12 species of algae in the same area in Washington State,
USA (CE Mills, pers. obs.).

Several authors have stated that settlement of larvae and
metamorphosis are influenced and/or induced by substrate
and their characteristics (e.g., associated bacteria) in cnidar-
ians (see review in Leitz 1997; Müller and Leitz 2002; Holst

and Jarms 2007) but there is no such information in the
staurozoan literature. However, it has been hypothesized that
the seasonal appearance of algae in the field has a relationship
with the life cycle of stauromedusae. Uchida (1929: 105) re-
ported that along Bwith the death of Sargassum, the
[stauro]medusae gradually disappear .̂ McInnes (1989) ob-
served that the life cycle of Haliclystus sp. (as Stenoscyphus
inabai) Bseems to follow the life cycle of the brown seaweed^
Cystophora expansa. Berrill (1962: 1249) remarked that
Haliclystus auricula Bappears to be adapted to living mainly
on eel grass^, and with the disappearance of the eel grass in
Cape Cod (North American Atlantic Coast) because of pollu-
tion and eel grass disease early in the 1930s, the Bspecies has
become exceedingly uncommon^. Indeed, studies indicate
that shifts in algal abundance may change patterns of larval
settlement (Goodbody-Gringley and de Putron 2016), which
could be the case in Staurozoa.

In addition, the distribution of Staurozoa is probably influ-
enced by the distribution of their substrates. As for other cni-
darians, rafting has an important role on distribution, biodi-
versity, and evolution of marine organisms (Cornelius 1992a;
Thiel and Gutow 2005; Wichmann et al. 2012). Rafting
agents, such as macroalgae, can dramatically increase the dis-
persal range of a variety of marine organisms (Bryan et al.
2012). This long-distance dispersal mechanism may over-
come physiological constraints on dispersal ranges for many
marine species (Bryan et al. 2012). For example, taxa with
Bcrawl away^ juveniles, such as the stalked jellyfishes
(benthic, creeping planula; Otto 1976, 1978) probably have
significantly lower inherent dispersal ability (Highsmith 1985;
Bushing 1994; Wichmann et al. 2012), so rafting could con-
tribute to the breadth of their dispersal range.

Rafting dispersal might have a high impact in the biogeo-
graphic structure of the regions in which floating objects (such
as macroalgae) are particularly abundant (Wichmann et al.
2012). In this way, the relatively higher abundance of large
macroalgae in the temperate region makes rafting a more

Fig. 8 Latitudinal distribution of genera of Staurozoa. Deep-sea records
in gray

Fig. 9 Substrate use in
Staurozoa. Different substrates
recorded for attached stalked
jellyfishes (number of substrates
for each genus of Staurozoa)
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likely dispersal mode than in the tropics (Highsmith 1985;
Bushing 1994; Helmuth et al. 1994; Kerswell 2006).
Therefore, animals inhabiting algae in temperate regions, such
as stauromedusae, are potential rafters (Highsmith 1985).
Different species of the genera Calvadosia, Craterolophus,
Haliclystus, Lucernaria, andMananiawere collected attached
to kelps (e.g., Macrocystis) and/or Sargassum, common
rafting agents (Cornelius 1992a; Bushing 1994). Haliclystus
kerguelensis, for example, was reported on Bdetached kelp
floating in pool between tide marks^ (Kramp 1957).

Additionally, staurozoans were also reported attached to
animal substrates, such as mollusks and sea cucumber
(Jarms and Tiemann 1996; Salvini-Plawen 2006), so it is also
important to highlight the possible contribution of these dis-
persal agents to the distribution of the benthic stalked
jellyfishes. Many benthic invertebrates, including cnidarians,
are known to raft on turtles, whales, and fish and, paradoxi-
cally, these benthic invertebrates can sometimes traverse
greater distances than the potential corresponding to their free
swimming stages (Cornelius 1992b).

Evidently, dispersal can occur during different life history
stages (Salovius et al. 2005). Although scarce, there are some
observations in the literature that different life stages may oc-
cupy different substrates from their respective stauromedusa.
Polyps of Stylocoronella riedli and Stylocoronella variabilis
are interstitial, and were found in coarse sand mixed with shell
gravel (Kikinger and Salvini-Plawen 1995), while the
stauromedusa stage was recorded just once in the field, attached
to a sea cucumber (Salvini-Plawen 2006). The settled planula/
frustule of Haliclystus antarcticus (‘microhydrula stage’) was

found attached to shells of the bivalve Limopsis hirtella (Jarms
and Tiemann 1996; Miranda et al. 2010), whereas the
stauromedusa stage is frequently found in algae or rocks
(Miranda et al. 2009). Therefore, differential use of substrate
along life history amplifies the spectrum of substrate where a
researcher can look for these animals in the field, although it
may constrain wider distributions when the association with the
substrate is obligatory.

In spite of some fragmentary evidence, there is no study on
the impact of rafting and/or substrate use on staurozoan dis-
tributions. In a recent review on rafting in the marine environ-
ment, Thiel and Gutow (2005) revealed a total of 102 hydro-
zoans, 28 anthozoans, and one scyphozoan for which rafting
was confirmed or inferred based on distributional or genetic
evidence—no staurozoan was in the list.

Bathymetric range

Specimens of Cnidaria have been recorded in a broad
bathymetric range, from intertidal pools to more than
10,200 m deep (Galatheanthemum hadale, Anthozoa;
Carlgren 1956). Stauromedusae have been recorded from
intertidal pools (82% of the genera) to more than 3000 m
deep (Lutz et al. 2006; Fig. 10).

The genera Craterolophus, Depastrum, and Halimocyathus
have only been recorded in shallow waters, from intertidal to
10 m deep. The genus Depastromorphawas recorded from the
intertidal to 14 m deep. The genera Kyopoda and
Stylocoronella have never been recorded in intertidal pools,
occurring at depths from 8–14 m and 4–22 m, respectively.

Fig. 10 Bathymetric distribution for each genus of Staurozoa. CRATE:
Craterolophus; DTRUM: Depastrum; HALIM: Halimocyathus;
DEPHA: Depas t romorpha ; KYOPO: Kyopoda ; STYLO:

Stylocoronella; HALIC: Haliclystus; LIPKE: Lipkea; CALVA:
Calvadosia; MANAN: Manania; LUCER: Lucernaria
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Haliclystus, Lipkea,Calvadosia, andManania have been found
from the intertidal to intermediate depths, down to 40–60 m
(Haliclystus octoradiatus; Kramp 1914), 90 m (Lipkea
ruspoliana; Carlgren 1933), 137 m (Calvadosia vanhoeffeni;
Smithsonian Online Database, http://collections.nmnh.si.edu/
search/iz/), and 110 m (Manania auricula; Kramp 1943), re-
spectively. The genus Lucernaria has the deepest record of the
class, being recorded from shallow water to more than 3000 m
deep (Fig. 10). Lucernaria janetae, a species inhabiting deep-
sea hydrothermal vents (Collins and Daly 2005; Lutz et al.
2006; Voight 2006), is the deepest living stauromedusa ever
recorded. Genetic data revealed that specimens of Lucernaria
found in different hydrothermal vent sites along the East Pacific
Rise are closely related to and maybe conspecific with L.
janetae (Lutz et al. 2006), indicating metapopulations with a
patchy distribution. In addition, different species of Lucernaria
have also been recorded below 200m deep, such as Lucernaria
australis (Vanhöffen 1908), Lucernaria bathyphila (cf. naumov
1961), and Lucernaria sainthilairei (Redikorzev 1925).
Lucernaria bathyphila is the only species of Staurozoa reported
from a non-vent, abyssal habitat, at a depth of 2800 m, in the
Northeast Atlantic Ocean (Naumov 1961; Lutz et al. 2006). It is
reasonable to consider that the colonization of deep habitats has
some phylogenetic signal in the evolution of Lucernaria, may-
be as a synapomorphy of the clade B(L. bathyphila [Arctic and
Deep Sea], Lucernaria sp. EPR, L. janetae)^ (Miranda et al.
2016a), suggesting a possible shift from an ancestral intertidal
habitat to deep waters. However, no special morphological dif-
ferences in the species living at great depths have been noted
(Collins and Daly 2005).

Most reports for Staurozoa refer to the stauromedusa stage.
There are few records for other stages, such as planulae and
polyps, and their bathymetric ranges (and substrate prefer-
ences) in comparison with the respective stauromedusa stages
are not known. The settled planula stage of Haliclystus
antarcticus was found at about 30 m deep, affixed to a
bivalve shell (Jarms and Tiemann 1996; Miranda et al.
2010), whereas the stauromedusa stage is generally re-
corded in intertidal pools to 8 m deep (Carlgren 1930;
Miranda et al. 2010). Polyps of Stylocoronella riedli were
recorded from sediments 4 to 22 m deep, whereas the
stauromedusa of the same species was found on a holo-
thurian at 8 m deep (Kikinger and Salvini-Plawen 1995;
Salvini-Plawen 2006). These examples may indicate that
there are different life history stages of Staurozoa living in
different habitats and some of these stages probably de-
velop into the respective stauromedusa and migrate under
favorable conditions (Kikinger and Salvini-Plawen 1995;
Miranda et al. 2012a). Migration, in which the different
stages of the life cycle move from the littoral zone to deep
waters, and vice-versa, was hypothesized as an explana-
tion for the absence of stauromedusae during some sea-
sons of the year (Miranda et al. 2012a).

Feeding

Zagal (2004b) studied diet by observing gut contents of
Haliclystus antarcticus (as H. auricula), collected in Valdivia,
Chile, every 2 months over 1 year. The diet consisted of cope-
pods (68.4%), amphipods (15.4%), fly larvae (9.2%), and ostra-
cods (5.9%; Zagal 2004b). Davenport (1998) focused on the
trophic relationships of the same species in subantarctic South
Georgia and found gut contents with mainly copepods and am-
phipods, but also remains of an errant polychaete. Besides these
two specific studies, staurozoan feeding has been only descrip-
tively reported in several studies: amphipods and copepods are
prey items most frequently cited, but insects (fly larvae), poly-
chaete worms, bivalves, isopods, gastropods, ostracods, juvenile
decapods (see review in Zagal 2004b), and even sessile cteno-
phores (Falconer 2013) were also reported. In one instance, a
tendency to change prey preference according to size of the
stauromedusae was noted: copepods were the most important
prey for smaller individuals of H. antarcticus, whereas amphi-
pods were the main item for larger individuals (Zagal 2004b).
Further studies are needed to assess whether changing foraging
strategies during development is a general characteristic of the
group, or may simply reflect the ability of larger individuals to
retain larger prey through the entire ingestion process.

Data on feeding behavior is even scarcer. Larson (1980) ob-
served that it would take about 30 min for specimens of
Calvadosia corbini to swallow a large prey item. Within
80 min after ingestion, food particles were seen circulating in
the gastric cavity and after 5–10 h, the empty carapace of the
prey was ejected (Larson 1980). This suggests a somewhat low
feeding demand, but, of course, with just a single species inves-
tigated, little can be concluded about stauromedusae in general.

Limited information is also available on predation upon
stalked jellyfishes. The pycnogonid Phoxichilidium
femoratum fed on tentacles of a stauromedusa in aquarium
conditions (Prell 1910: 26, Figs. 11, 12), and another pycno-
gonid of the genus Ammothea often attacks the stauromedusa
Manania uchidai (misidentified as M. distincta; Naumov
1961; Uchida and Hanaoka 1933). Stauromedusae have also
been seen being preyed upon by nudibranch mollusks
(Davenport 1998; Mills and Hirano 2007). Predation pressure
was listed as one of the probable reasons that regenerating and
injured animals are commonly found in the field (Uchida and
Hanaoka 1933; Mills and Hirano 2007; Zagal 2008).

Eight large specimens of H. antarcticus were observed in
the stomach of one individual of the fish Notothenia rossii,
corresponding to approximately 30% of its stomach content,
which also contained about 50% of the volume consisting of
macroalgae (Davenport 1998). Typically, macroalgae (the
preferential substrate of stalked jellyfishes) is the main stom-
ach content of this fish, which made Davenport (1998) con-
clude thatN. rossii appears to be an opportunistic predator that
occasionally takes stauromedusae as bycatch.
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Behavior

Stalked jellyfishes have a benthic lifestyle, spending most of
their lives attached to substrate (Mills and Hirano 2007).
Generally, they use the peduncle to attach to seaweeds,
seagrasses, rocks, or other substrates, but they can detach
themselves for short periods, floating freely in the water, or
moving with the help of the tentacles, anchors, and pad-like
structures, sometimes in a somersaulting activity, eventually
reattaching with the peduncle (Larson 1980; Mills and Hirano
2007; Miranda et al. 2013). All these structures have charac-
teristic internal organization, with tall cells and gland cells
containing granules, probably with supporting and adhesive
functions (Miranda et al. 2013, 2016b). However, it has been
reported multiple times that Depastrum cyathiforme does not
reattach itself once removed from its substrate (Beaumont
1893; Mayer 1910; den Hartog 1976). Migot (1922a) ob-
served that ifHaliclystus octoradiatus is accidentally removed
from its substrate, it cannot reattach, but remains on the sea
bottom and eventually dies. Hyman (1940) reported that de-
tached specimens of BHaliclystus made strenuous efforts to
reattach themselves, using the tentacle clusters for adhesion,
but never succeeded even when placed on seaweeds^ in
aquaria. However, personal observations of the same species
of Haliclystus (H. Bsanjuanensis^) that was observed by
Hyman (1940) show that the stauromedusae were able to de-
tach and then reattach to various species of algae in the labo-
ratory, so long as the animals are healthy (CE Mills, pers.
obs.). Field observations on Haliclystus antarcticus and
Calvadosia corbini indicate that these species can also reat-
tach themselves, moving with the help of anchors or pads and
tentacles (LS Miranda pers. obs. of Chilean and Brazilian
populations, respectively).

Stalked jellyfishes use mainly the secondary tentacles, with
abundant nematocysts (Miranda et al. 2013), to capture their
prey (Hyman 1940; Larson 1980). Staurozoa has the least
diverse cnidome of the medusozoan classes, with two types
of nematocysts in the secondary tentacles, euryteles, and
isorhizas (Weill 1934; Larson 1980; Calder 1983; Hirano
1986; Larson and Fautin 1989; Collins and Daly 2005;
Fautin 2009; Zagal et al. 2011). Tentacular clusters are prob-
ably the most sensitive part of the animal—when touched,
they adhere to extraneous objects and usually start a charac-
teristic feeding reaction, bending the arm quickly so that the
tentacular cluster with the attached prey encounters the manu-
brium (Hyman 1940). Larson (1980: 106) described an addi-
tional feeding behavior for Calvadosia corbini: when prey
touched the tentacles, it adhered to them and the stauromedusa
Brapidly and forcefully flipped over^, trapping the prey
against the substrate, and the stauromedusa remained with
the oral side down, strongly attached to the substrate, until
the prey was swallowed. The prey was then engulfed by com-
bined muscular and ciliary activity of the lips, which can

stretch to swallow prey as large as its calyx (Larson 1980).
The nematocysts and the glandular cells of the gastric fila-
ments and manubrium probably act to subdue prey and to
participate in digestion by releasing enzymes (Heeger and
Möller 1987; Miranda et al. 2013).

It seems that staurozoans have a great capacity for regen-
eration, although literature on this topic is scarce. Predation by
nudibranchs and pycnogonids (Prell 1910; Uchida and
Hanaoka 1933; Mills and Hirano 2007), and the physical ac-
tion of waves (Amor 1962) can damage body parts, which can
later be regenerated. This can explain some abnormal individ-
uals often found in a population (Hornell 1893; Browne 1895;
Berrill 1962; Zagal 2008; Miranda et al. 2009). Meyer (1865)
studied regeneration of Haliclystus and observed that a calyx
can produce a new peduncle, and different parts of the
stauromedusa may regenerate, occasionally resulting in an
animal with two calyces (Meyer 1865; Mayer 1910). Berrill
(1962) also found an individual of Lucernaria quadricornis in
nature with two calyces on a single peduncle, apparently shar-
ing the same gastric cavity. Kassianow (1901) cut a
Craterolophus convolvulus longitudinally from the oral region
to the peduncle and each half regenerated to a new individual.
If the section is not so deep, the free edges merge together and
restore the former morphology, although a scar may be recog-
nized (Kassianow 1901; Mayer 1910). Additionally, Carlgren
(1909), Child (1933), and Hanaoka (1935) found a strong
capacity for reconstitution in different staurozoan species
(generaHaliclystus, Lucernaria, andManania) with a remark-
able axial physiological gradient.

In general, stauromedusae spawn at night (Wietrzykowski
1910, 1912; Uchida 1929). Females and males of Haliclystus
octoradiatus spawn synchronously for generally no longer
than 20 min, naturally from 8:00–8:30 pm in July and
August (Roscoff, France), but released gametes several hours
earl ier in the laboratory during the same period
(Wietrzykowski 1910, 1912). The animals do not spawn again
for 24 h (Wietrzykowski 1912). Species of Haliclystus also
spawn in response to light after a period of darkness (Otto
1976; Mills and Hirano 2007). According to Hanaoka
(1934), spawning of Manania uchidai (misidentified as
M. distincta; Naumov 1961) occurs at 3:00–4:00 am. A natu-
ral light-dark cycle with spawning both in the morning and in
the evening has also been reported (Otto 1978).

Several species of stalked jellyfishes have been found in
high local abundances in nature (e.g., Russell 1904; Corbin
1979; Zagal 2004a), which could be a consequence of phys-
ical and/or biological processes (Miranda et al. 2012a). Their
eggs have an Bextremely sticky^ membrane (Otto 1976: 321)
and probably remain on the bottom near parent stauromedusae
(Mills and Hirano 2007), demonstrating some philopatry. The
creeping planulae of Staurozoa are non-ciliated and settle rap-
idly, which may also contribute to patchy distributions of
adults (Otto 1976; Larson 1980). Russell (1904: 63), for
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example, reported BDepastrum in large numbers under
stones^, Bvery local in its distribution, but generally abundant
where it does occur .̂

Miranda et al. (2012a) discussed the seasonal abundance in
staurozoan populations, correlating these events with the life
cycle of the animals, especially with the capability of asexual
reproduction. Most staurozoan species are generally more
abundant during the summer, but some species have a peak
of abundance during winter and autumn (Berrill 1962; Corbin
1979; Zagal 2004a; Mills and Hirano 2007; Miranda et al.
2012a). Different studies confirm that many species of stalked
jellyfishes disappear for several months before they reappear
under supposedly favorable conditions (Otto 1978; Kikinger
and Salvini-Plawen 1995; Mills and Hirano 2007; Miranda
et al. 2012a).

Life cycle

Species of the class Staurozoa have a particular life cycle,
consisting of a benthic planula larva that settles on the sub-
strate and develops into a stauropolyp, which subsequently
undergoes an apical metamorphosis into stauromedusa, with-
out strobilation or budding (Wietrzykowski 1912; Kikinger
and Salvini-Plawen 1995; Miranda et al. 2010). As a result,
stauromedusae are unique because they bear characteristics
found both in polyp and medusa stages of other medusozoans
(Collins et al. 2006).

Kowalevsky (1884) was one of the first authors to study the
development of a staurozoan, Calvadosia campanulata (as
Lucernaria; see Uchida 1929; Hanaoka 1934), from cleavage
to the attachment of the larva on a substrate. Bergh (1888)
studied the early development of H. octoradiatus and con-
firmed the results found by Kowalevsky (1884), without many
further observations. Wietrzykowski (1910, 1911, 1912) left an
important and thorough contribution on the development of
staurozoans, detailing the external and internal anatomy of all
life cycle stages ofH. octoradiatus. Uchida (1929: 150, 151), in
reviewing the taxonomy of stalked jellyfishes, added informa-
tion on the metamorphosis of some species (especially on
Haliclystus inabai; Haliclystus tenuis, as H. auricula; and
Calvadosia cruciformis), highlighting that Bthe structure [pres-
ence/absence, number, location] of the primary and secondary
tentacles and the number of chambers in the stalk […] generally
metamorphose with age^. Hanaoka (1934) reported aspects of
the early development of Manania uchidai (misidentified as
M. distincta; Naumov 1961), from fertilization to the planula
stage. Otto (1976, 1978) providedmore detailed information on
development, locomotion, and settlement of planulae of
Haliclystus species. Hirano (1986) listed and described the spe-
cies of stalked jellyfishes found in Hokkaido (Japan), including
notes on their metamorphosis, corroborating Uchida’s (1929)
observations about the changes in the number of chambers in
the peduncle during development of species of Haliclystus and

Manania. Therefore, the generalized idea that Bin the develop-
ment of the stalked medusa, the upper part alone metamorpho-
ses, while the lower part remains unchanged^ (Uchida 1973:
137) is incorrect. Kikinger and Salvini-Plawen (1995)
succeeded in following the metamorphosis from the polyp into
the medusa of Stylocoronella riedli and S. variabilis in the
laboratory, adding important data on the development of the
group, such as asexual reproduction of the polyps and
frustules, and encystment of frustules. More recently, Miranda
et al. (2010) unveiled the life cycle of Haliclystus antarcticus
using molecular, morphological, and ecological data, associat-
ing the miss-assigned hydrozoan species Microhydrula
limopsicola as a stage of the life cycle of the staurozoan
H. antarcticus. As previous authors (Wietrzykowski 1912;
Hanaoka 1934; Otto 1976, 1978), Miranda et al. (2010)
discussed the ability of planulae to aggregate and encyst, and
included a putative scheme of the life cycle of H. antarcticus
(Miranda et al. 2010, Fig. 5), highlighting the ability for asexual
reproduction of some stages.

The zygotes (also generally called Beggs^) of stauromedusae
are among the smallest in theMetazoa (see Kume andDan 1968;
Strathmann 1987), ranging so far as is known from 30 to 50 μm.
The zygotes ofHaliclystus octoradiatus are reported to be 30μm
in diameter (Wietrzykowski 1912). Hanaoka (1934) reports that
the zygotes of Manania uchidai (misidentified as M. distincta;
Naumov 1961) are 50 μm in diameter. Otto (1976) reports zy-
gotes diameters of 35 μm for Haliclystus Bsanjuanensis^ (as
H. stejnegeri) and 40 μm for Haliclystus sp. (as H. salpinx).

Based on all these observations, we can hypothesize the
general life cycle of staurozoans to comprise the following
series: gametes are released into the gastrovascular cavity
and expelled through the mouth (Otto 1976) of male and fe-
male stauromedusae (sexes are separate; for details of the
structure of the gonads, see Uchida 1929; Eckelbarger and
Larson 1993; Miranda et al. 2013); under favorable condi-
tions, they can spawn daily throughout one month (Corbin
1979; Mills and Hirano 2007), generally at night or in re-
sponse to light stimulus after a period of darkness
(Wietrzykowski 1912; Uchida 1929; Hanaoka 1934; Otto
1976, 1978); after fertilization in the water column, an incon-
spicuous but sticky membrane forms around the zygote, ad-
hering it to the substrate (Hanaoka 1934; Otto 1976); then, the
small zygote, granulated with yolk substance (Hanaoka 1934;
Otto 1976), undergoes an irregular cleavage and gastrulation
through unipolar ingression (Hanaoka 1934; Otto 1976); the
gastrula becomes elongated and the planula is formed
(Hanaoka 1934); the planula is characterized by 16 endoder-
mal cells (constant number) lined up in a single row, covered
by a layer of ectodermal cells, and does not possess cilia,
moving by a series of extensions and retractions (Otto 1976,
1978); after creeping for 1–3 days, the planula settles (Otto
1976), recruits, and undergoes metamorphosis into a
stauropolyp; the stauropolyp stage develops, forming the
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primary tentacles (Wietrzykowski 1912; Hirano 1986;
Kikinger and Salvini-Plawen 1995; Miranda et al. 2010);
gradually, the apical part of the stauropolyp starts to undergo
visible modifications (e.g., formation of arms, gastric fila-
ments, gonads, and adradial tentacular clusters; disappearance
or modification of the eight primary tentacles) and the
stauropolyp metamorphoses into a stauromedusa; however,
internally and basally, the stauropolyp may also modify
(e.g., change in the number of chambers of the peduncle;
Uchida 1929; Hirano 1986); the stauromedusa then grows
and reaches its maturity. In general, a life cycle of one gener-
ation per year has been reported, with an abundance peak and
maturation during the summer, although variations occur de-
pending on the species studied (Berrill 1962; Corbin 1979;
Eckelbarger and Larson 1993; Kikinger and Salvini-Plawen
1995; Miranda et al. 2012a). There is no information about the
proper stimulus needed for a planula to develop into a
stauropolyp (Otto 1976, 1978; Jarms and Tiemann 1996;
Miranda et al. 2010). Asexual reproduction has been reported
in the settled planula, frustule, and stauropolyp stages
(Wietrzykowski 1912; Kikinger and Salvini-Plawen 1995;
Jarms and Tiemann 1996; Miranda et al. 2010). Frustules
probably constitute resting stages that develop into planulae
or small stauropolyps under favorable conditions (Kikinger
and Salvini-Plawen 1995; Miranda et al. 2012a). In addition,
it has been reported that some planulae can cluster together,
secreting a gelatinous substance that encysts all of them, prob-
ably constituting an Boverwintering stage^ (Kowalevsky
1884; Hanaoka 1934; Otto 1978; Miranda et al. 2012a).

Conservation

Currently, there are 882 species of Cnidaria in the IUCN red
list of threatened species (www.iucnredlist.org), nearly all
belonging to the class Anthozoa (866 species), with the
remaining in Hydrozoa (16 species). There is no official data
in the IUCN red list regarding endangered species of
Staurozoa. However, three staurozoan species (Haliclystus
auricula, Calvadosia campanulata, and Calvadosia
cruxmelitensis) have been included in the list of UK BAP
priority marine species (http://jncc.defra.gov.uk/page-5167).

Although scarce, there is information in the literature
concerning the impact of water pollution in populations of
stalked jellyfishes. More than 100 years ago, Mayer (1910)
reported that pollution in Massachusetts (USA) may have de-
creased the number of stauromedusae found in this area.
According to Mayer (1910), Bthe contamination of the sea-
water in this region has destroyed the Stauromedusae which
once abounded there, and which are now exceedingly rare
along the entire New England coast^. Berrill (1962) also
expressed his concern for the same area and mentioned that
BHaliclystus auricula […] appears to be adapted to living
mainly on eel grass, and, with the disappearance of the eel

grass early in the 1930s, this species has become exceedingly
uncommon.Where the eel grass has returned to some extent, it
is usually in waters affected by pollution. In Massachusetts
Bay, where Clark did most of his collecting, the water has
become so polluted that the more delicate coelenterate life
has disappeared^. Indeed, one species observed on seagrass
and described by Clark (1863) from this region,
Halimocyathus platypus, has never been observed since.
Therefore, the proposed association between the disappear-
ance of stalked jellyfishes with the disappearance of their sub-
strates (Berrill 1962) seems reasonable. Larson (1976)
highlighted that stauromedusae apparently Bare very sensitive
to environmental conditions^. Zagal (2004a) reported that dif-
ferent factors should be considered in evaluating habitat selec-
tion of stalked jellyfishes, including pollution. Miranda et al.
(2012b) proposed that specimens of Calvadosia capensis
were never found again on the Southern coast of São Paulo
(Brazil) because of the Bgradual pollution and environmental
decay^ along the region. In addition, Miranda and Marques
(2016) discussed the possible influence of a dam collapse on
populations of Calvadosia corbini in Espírito Santo, Brazil.
Therefore, although we cannot affirm whether water pollution
and other anthropic impacts affects the populations of
stauromedusae directly or indirectly (i.e., through their sub-
strate), there are numerous reports in the literature correlating
these factors with the decrease of some stauromedusae
populations.

In terms of conservation, it may be virtually impossible to
directly protect any individual species of Staurozoa.
Consequently, conservation of Staurozoa is likely accom-
plished by protection of the habitat that they require.
Perhaps the most effective conservation strategy for
stauromedusae is promotion of the group, encouraging in-
creased awareness, recording and monitoring, and studying
patterns of behavior and factors that influence their appear-
ance and disappearance.

Staurozoan genera diversity and ecology

Craterolophus

Two valid species: Craterolophus convolvulus (Johnston
1835) and Craterolophus macrocystis von Lendenfeld 1884.

Craterolophus convolvulus was first described based on
two specimens from Berwick Bay, Scotland (Johnston
1835), and was later recorded from several different parts of
Europe, including England, France, and Germany, as well as
on the northeast coast of the USA (Online Resource 4). The
other species in the genus, C. macrocystis, was recorded from
the east coast of New Zealand, from Port Chalmers (near
Dunedin) and Lyttleton (Online Resource 4). It is a rare spe-
cies (von Lendenfeld 1884) that has not been recorded again
since its original description.
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Both species were recorded in shallow tide pools (Fig. 10),
attached to different species of algae (Fig. 9). Craterolophus
convolvulus has two generations per year (i.e., it has two peaks
in its seasonal cycle): Ba main peak of maximum abundance in
spring and a secondary peak in late summer^ (Corbin 1979:
387).

Calvadosia

Eleven valid 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 et al. 2011), andCalvadosia lewisiMiranda et al. 2017.

Calvadosia has a unique distribution within Staurozoa
(Figs 8, Online Resource 5). While most species are found
in temperate to polar waters (Figs. 4, 5, 6, 7, and 8), some
species ofCalvadosia have been reported from tropical waters
(Hawaii, USA; Puerto Rico; Veracruz, Mexico; Espírito Santo
and Bahia, Brazil; and unidentified/undescribed records in
Moorea, French Polynesia—see Miranda et al. 2016a; and
India, Panikkar 1944), in addition to several countries in
Europe, Japan, China, New Zealand (undescribed species;
see Miranda et al. 2016a), Australia, South Africa, and
Southern Ocean (Online Resource 5).

Species of Calvadosia have been recorded attached to dif-
ferent substrates: algae, seagrass (Zostera), rocks, shells, and
corals (Fig. 9). They have also been recorded over a broad
bathymetric range, from intertidal pools to 137 m deep
(Fig. 10). Corbin (1979) reported a seasonal cycle of one
generation per year for C. campanulata (peak during autumn)
and C. cruxmelitensis (peak during winter).

Depastromorpha

Monospecific, Depastromorpha africana Carlgren 1935.
The type locality of D. africana is Cape Town, South Africa

(Carlgren 1935), and the species was described based on one
specimen (Carlgren 1935; Zagal et al. 2011; see additional
material and localities in Miranda et al. 2017). More recently,
the species has been recorded in Australia and New Zealand
(Online Resource 6; Grohmann et al. 1999; Cairns et al. 2009;
Zagal et al. 2011; Miranda et al. 2017); however, further studies
may reveal that the Australian material represents a new species
(see Miranda et al. 2016a, 2017).

Depastromorpha africana was recorded attached to
seagrass and different species of algae (Fig. 9), generally in
the intertidal or shallow subtidal zones (Fig. 10; Carlgren
1935; Zagal et al. 2011; Miranda et al. 2017). The species is
locally rare in Australia, although ca. 100 individuals were

observed in D’Entrecasteaux Channel (Tasmania, Australia;
Zagal et al. 2011).

Depastrum

Monospecific, Depastrum cyathiforme (Sars 1846).
Depastrum cyathiforme has been recorded in different parts

of England, France, Ireland, Norway (including Spitzbergen),
Scotland, and Spain (Canary Islands; Online Resource 7).

Depastrum cyathiforme has generally been reported at-
tached to rocks, but is also found in mud-covered surfaces
between stones, or attached to algae (Fig. 9). Specimens were
observed in intertidal pools (Fig. 10). Allman (1860: 126)
could not discern if these animals have Bthe power of
detaching^ themselves after they become attached, and
Beaumont (1893: 254) remarked that he never saw a detached
specimen reattach if removed from its substrate (see also
Mayer 1910: 524); den Hartog (1976: 3) found three speci-
mens in the field and these also did not reattach in the
laboratory under running sea water conditions. Russell
(1904) reported a large number of specimens, but very local
in distribution, so the species is considered to be generally rare
(Mayer 1910).

Haliclystus

Haliclystus is the most diverse genus of Staurozoa, with 13
valid species: Haliclystus auricula Clark 1863; Haliclystus
octoradiatus Clark 1863; Haliclystus salpinx Clark 1863;
Haliclystus inabai (Kishinouye 1893);Haliclystus antarcticus
Pfeffer 1889; Haliclystus stejnegeri Kishinouye 1899;
Haliclystus kerguelensis Vanhöffen 1908; Haliclystus tenuis
Kishinouye 1910; Haliclystus borealis Uchida 1933;
Haliclystus sinensis Ling 1937; Haliclystus monstrosus
(Naumov 1961); Haliclystus californiensis Kahn et al. 2010;
and Haliclystus Bsanjuanensis^ nomen nudum.

Haliclystus Bsanjuanensis^ was originally described in
Gellermann (1926)’s unpublished M.Sc. thesis, and although
the species has never been formally described (nomen
nudum), the name has been used repeatedly by, e.g., Hyman
(1940), Hirano (1997), Miranda et al. (2009), Kahn et al.
(2010); synonymized with H. auricula (Gwilliam 1956;
Kramp 1961); or misidentified as H. stejnegeri (Otto 1976,
1978) and H. octoradiatus (Eckelbarger and Larson 1993).

Haliclystus has a widespread and antitropical distribution
(Fig. 8), with records from both the west and east coasts of the
USA, Arctic, different parts of Europe, Japan, China, Russia,
South Korea, Australia, Argentina, Chile, and Antarctica
(Online Resource 8). Further studies are necessary to reveal
whether Haliclystus inabai from Australia (McInnes 1989;
Falconer 2013) represents a new species (see Haliclystus sp.
AUS; Miranda et al. 2016a).
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Species of Haliclystus have been reported attached to al-
gae, seagrass (Zostera), rocks, and shell (Fig. 9). Migot
(1922a, b) and Singla (1976) studied the mechanisms of at-
tachment.Haliclystus is found mainly in shallow waters, from
tide pools to 40–60 m deep (Fig. 10). Different stages of the
life cycle may occupy different habitats: the stauromedusa of
H. antarcticus is generally found in shallow water (0–8 m
deep), attached to rocks or algae, whereas its planulae were
recorded ca. 30 m deep, attached to shells (Miranda et al.
2010). As far as is known, Haliclystus species have an annual
life cycle, with a summer peak (Berrill 1962; Corbin 1979;
Zagal 2004a; Miranda et al. 2012a).

Halimocyathus

Monospecific, Halimocyathus platypus Clark 1863. A second
species,Halimocyathus lagena (cf.Mayer 1910; Kramp 1914,
1943, 1961), is a synonym ofManania auricula (Clark 1863;
Larson and Fautin 1989).

Only a single individual of H. platypus has ever been re-
corded, at Chelsea Beach, Massachusetts Bay, USA (Online
Resource 9; Clark 1863).

Halimocyathus platypus was found attached to Zostera
marina (seagrass), at half tide (Figs. 9 and 10; Clark 1863).
Mayer (1910) highlighted that the contamination of the sea-
water at Chelsea Beach (Massachusetts) had devastated the
stauromedusae that were once abundant there.

Manania

Seven species: Manania auricula (Fabricius 1780); Manania
hexaradiata (Broch 1907); Manania distincta (Kishinouye
1910); Manania atlantica (Berrill 1962); Manania uchidai
(Naumov 1961); Manania gwilliami Larson and Fautin
1989; and Manania handi Larson and Fautin 1989.

Recorded from the Northern Hemisphere (Fig. 8), on the
east and west coasts of the USA, north and west coasts of
Canada, Greenland, Europe, Japan, and Russia (Online
Resource 10).

Species of Manania have been recorded in the literature
from the intertidal zone to 110 m deep (Fig. 10), attached to
algae and seagrass (Zostera; Fig. 9).

Kyopoda

Monospecific, Kyopoda lamberti Larson 1988.
Kyopoda lamberti has been recorded for British Columbia

and Southern California (Online Resource 11; Larson 1988),
but its range is possibly more or less continuous between these
localities, and maybe it has been overlooked because of its
small size, cryptic coloration, and high-energy subtidal habitat
(Larson 1988).

Specimens have been found attached to cobbles and a cor-
alline algae-covered rock wall at subtidal depths (8–14 m
deep; Figs. 9 and 10). The particular morphology of
K. lamberti, with stomach and gonads near the substrate, lo-
cated in the peduncle rather than in the calyx, suggests an
adaptation to areas with strong wave surge (Larson 1988).

Lipkea

Three valid species: Lipkea ruspoliana Vogt 1886; Lipkea
sturdzii (Antipa 1893), and Lipkea stephensoni Carlgren 1933.

Species of Lipkea have been recorded for Europe and
South Africa (Online Resource 12). There are also unidenti-
fied Lipkea records from Australia (Zagal et al. 2011), New
Zealand (Cairns et al. 2009), and Japan (Miranda et al. 2016a).

Lipkea is one of the three genera of Staurozoa that have
never been documented attached to algae, recorded only on
rocks, gorgonian, and serpulid tubes (Fig. 9), from the inter-
tidal zone to 90 m deep (Fig. 10). It is the only staurozoan
genus that has been observed to appear unexpectedly in
aquaria (Monaco, Pisani et al. 2007; Japan, YM Hirano pers.
obs.).

Lucernaria

Eight valid species: Lucernaria quadricornis Müller 1776;
Lucernaria bathyphila Haeckel 1879; Lucernaria infundibulum
Haeckel 1879; Lucernaria haeckeli (Antipa 1892); Lucernaria
walteri (Antipa 1892); Lucernaria australis Vanhöffen 1908;
Lucernaria sainthilairei (Redikorzev 1925); and Lucernaria
janetae Collins and Daly 2005.

The distribution of Lucernaria is bipolar but more concen-
trated in the Northern Hemisphere (Fig. 8; Arctic, Northern
Europe, and East USA) than in the Southern Hemisphere
(Antarctica), given the present sampling (Online Resource
13). Additional records are for the deep-sea Lucernaria
janetae from the East Pacific Rise (Online Resource 13;
Collins and Daly 2005; Lutz et al. 2006).

Species of Lucernaria have been recorded attached to al-
gae, seagrass, rocks, mud/clay (with gravel), shell, and sand
(Fig. 9), from the intertidal zone to 3001 m deep, the deepest
record for staurozoans (Fig. 10). Lucernaria janetae was re-
corded near a hydrothermal vent (Collins and Daly 2005; Lutz
et al. 2006; Voight 2006).

Stylocoronella

Two valid species: Stylocoronella riedli Salvini-Plawen 1966
and Stylocoronella variabilis Salvini-Plawen 1987.

Species of Stylocoronella have been recorded for Europe
(Croatia, England, France, and Spain; Online Resource 14).

Stylocoronella is one of the three genera of Staurozoa never
recorded attached to algae (Fig. 9). The stauropolyp was found
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inhabiting the interstitia of coarse sand and shell-sand, and the
stauromedusa was found attached to a sea cucumber (Salvini-
Plawen 2006). The species were recorded from 4 to 22 m deep
(Fig. 10).
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