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Species delimitation in marine taxa is often problematic given large intraspecific variation. Based on extensive,
recently published genetic sampling from specimens of the hydrozoan families Campanulariidae, Clytiidae and
Obeliidae, we evaluate morphological variation in this group, correlating morphometric and phylogenetic patterns for
species delimitation. Several species of Campanulariidae are confidently delimited based on differences in size (e.g.
Bonneviella species, Tulpa tulipifera and Rhizocaulus verticillatus), while others are re-identified and corroborated
based on differences in perisarc thickness (e.g. Silicularia rosea, Orthopyxis and Campanularia species). In Clytiidae,
the length and diameter of hydrothecae, height of hydrothecal cusps and perisarc thickness delimit the species Clytia
linearis, C. elsaeoswaldae and C. noliformis from others. However, few characters reliably differentiate the clades
associated with the nominal species C. gracilis and C. hemisphaerica. In Obeliidae, Obelia geniculata is distinctive in
its higher perisarc thickness, and corroborated as a widely distributed species. Obelia longissima and clades refered
to O. dichotoma are subtly distinguished, showing a few differences in size and branching of colonies. The taxonomic
implications of these results are discussed. With a few exceptions, species can be delimited based on morphometric
patterns, once morphological variation is compared.

ADDITIONAL KEYWORDS: branching — Campanulariidae — Clytiidae — diagnostic characters — hydrothecae
— hydrothecal cusps — morphology — morphometrics — Obeliidae — perisarc thickness — size.

INTRODUCTION (e.g.Klautauet al., 1999; Barroso et al., 2010; Kawauchi
& Giribet, 2014), but excessive splitting of taxa may
also occur (e.g. Prada et al., 2014; Willette et al., 2015).
Contemporary studies use integrative approaches
as taxonomic standards for species delimitation, but
delimiting species remains far from simple, because
population-level variation may commonly be mistaken
for interspecific variation, or vice versa, and these
patterns are often not easy to differentiate (e.g. Meroz-
Fine et al., 2003; Prada et al., 2008; Forsman et al.,
2010; Stefani et al., 2011; see also: Schuchert, 2014;
Cunha et al., 2016).

Species delimitation in Hydrozoa involves similar
problems (reviewed by: Cunha et al., 2016). Their
planktonic medusa stage and hydroid rafting have
been long considered to widen dispersal capabilities
*Corresponding author. E-mail: amanfcunha@gmail.com of such species (Ralph, 1961; Cornelius, 1981a, 1992a;

Marine taxa frequently have highly variable
morphology and/or a paucity of diagnostic characters,
often rendering their species delimitation problematic
(Yoshioka, 1982; Trussell, 1996; Bruno & Edmunds,
1997; Kaandorp, 1999; Bell & Barnes, 2000; Todd,
2008). Integrative approaches have helped resolve
incongruencies between molecular and morphological
data, and many traditional characters considered
to be diagnostic are often found to be uninformative
(Fukami et al., 2004, 2008; Forsman et al., 2009, 2010;
Budd et al., 2010; DeBiasse & Hellberg, 2015; Pérez-
Barros et al., 2015). Presumably cosmopolitan species
are often found to comprise several cryptic lineages
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Boero & Bouillon, 1993; Calder, 1993), theoretically
enhancing gene flow and supporting the traditional
view that most hydrozoan species have nearly
cosmopolitan distributions (Cornelius, 1981a, 1992b).
However, molecular studies have shown that genetic
diversity in Hydrozoa is higher than previously
assumed (Schuchert, 2005, 2014; Miglietta et al., 2007,
2009, 2015; Postaire et al., 2016; Moura et al., 2018),
and that different samples from, usually distant,
localities often are likely to represent separate lineages
(Schuchert, 2014; Postaire et al., 2017a, b; Boissin
et al., 2018). Molecular studies have also revealed
a need for major changes in the classification of the
group at several taxonomic levels (Collins et al., 2004,
2006, 2008; Cartwright et al., 2008; Leclere et al., 2009;
Maronna et al., 2016; Moura et al., 2018), allowing the
description of new species (e.g. Schierwater & Ender,
2000; Cunha et al., 2015) and revalidations of former
synonyms (e.g. Schuchert, 2005; Miglietta et al., 2007,
2009; Lindner et al., 2011; Moura et al., 2012; Cunha
et al.,2015).

Hydroids that were formerly included in the family
Campanulariidae Johnston, 1836 have been the subject
of important recent taxonomic changes. Because of the
supposedly wide intraspecific variation in this group (e.g.
Ralph, 1956, 1957; Cornelius, 1982, 1995), taxonomists
have frequently disagreed on the importance of
diagnostic characters for species and genera, and many
nominal species were either split or lumped, sometimes
excessively so (Nutting, 1915; Ralph, 1957; Millard,
1975; Ostman, 1982a, 1987; Cornelius, 1975, 1990, 1982,
1995; Calder, 1991; Boero et al., 1996). Recent molecular
analyses have shown that several species comprise
cryptic lineages, and that intraspecific variation has
been overestimated (Govindarajan et al., 2005, 2006;
Lindner et al., 2011; Cunha et al., 2015). Additionally,
their phylogenetic relationships and extensive
morphological diversity have led to campanulariids
being split into three families within the suborder
Proboscoida Broch, 1910: Campanulariidae Johnston,
1836, Clytiidae Cockerell, 1911 and Obeliidae Haeckel,
1879 (Maronna et al., 2016).

Several morphological characters used in traditional
diagnoses have proven to be uninformative for
delimiting species and genera in these families (Cunha
et al., 2017). Besides information from the cnidome
(Ostman, 1982a, 1999; Lindner & Migotto, 2001) and
life cycles (Lindner & Migotto, 2002; Lindner et al.,
2011; Zhou et al., 2013; He et al., 2015), morphometric
data are also a promising tool for delimiting species
boundaries in the group (e.g. Cunha et al., 2015),
especially if the range of variation of morphological
characters is investigated (Cunha et al., 2016).

This study aims to evaluate patterns of
morphological variation correlated with species
delimitation in the suborder Proboscoida (sensu
Maronna et al., 2016). Morphometric patterns of
nearly all specimens included in a previous phylogeny
(Cunha et al., 2017) were analysed based on their
phylogenetic relationships, integrating morphological,
morphometric and molecular data for the delimitation
of species of Campanulariidae, Clytiidae and Obeliidae.

MATERIAL AND METHODS
TAXONOMIC SAMPLING

Specimens used in this study are the same vouchers
that were included in the molecular phylogenetic
analysis by Cunha et al. (2017), with a few exceptions
(Supporting Information, Table S1). Therefore,
materials used for DNA analyses were also used in
the morphometric analyses whenever possible, and
the results of the two studies can thus be directly
compared. Also, vouchers of previously published
sequences, deposited in the National Museum of
Natural History, Smithsonian Institution (USNM)
(Govindarajan et al., 2006; Lindner et al., 2011),
Muséum d’Histoire Naturelle de Geneve (MHNG)
(Leclere et al., 2009) and Museu de Zoologia da
Universidade de Sdo Paulo (MZUSP) (Cunha et al.,
2015) were studied. Additional type and non-type
materials from these and other museum collections
(see Supporting Information, Table S1) were studied,
enhancing taxon sampling and comparisons to delimit
specific lineages.

In total, we analysed morphometric data for 291
specimens of the suborder Proboscoida, comprising
16 species of Campanulariidae (and all currently
accepted genera, cf. Schuchert, 2019), 16 species of
Clytiidae (and one out of two accepted genera) and 14
species of Obeliidae (covering all accepted genera). In
the analysis we tried to include as many individuals
of each species as possible, but this was determined
by the number of sequences available for each species,
because it is important to have a direct comparison
between morphometric data and molecular lineages.
In some cases, only one individual representing
the species was measured [e.g. Clytia paulensis
(Vanhoffen, 1910)], whereas in other cases up to 26
different individuals were included for comparison
[e.g. Orthopyxis sargassicola (Nutting, 1915)].
Additionally, some collection lots had two to three
polyps of the same colony (individual) measured,
allowing for intracolony comparisons (see Supporting
Information, Table S1).
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MORPHOLOGICAL AND MORPHOMETRIC ANALYSES

We studied morphological characters of the polyps of
species of Proboscoida, in accordance with the previous
phylogeny of the group (Cunha et al., 2017). We were
not able to study vouchers of published sequences that
came from medusae (Zhou et al., 2013; Laakmann &
Holst, 2014; He et al., 2015). However, their original
publications, as well as some additional studies,
provided important information on medusa characters
that improved the discussion (e.g. Lindner & Migotto,
2002; Lindner et al., 2011; Zhou et al., 2013; Laakmann
& Holst, 2014; He et al., 2015).

Morphological characters were initially chosen based
on measurements of polyps of Proboscoida reported in
species descriptions that have been considered informative
for species delimitation (e.g. Millard, 1975; Cornelius,
1982, 1990, 1995; Calder, 1991; Migotto, 1996; Lindner &
Migotto, 2002; Lindner et al., 2011). Based on our previous
experience with the genus Orthopyxis (Cunha et al., 2015)
and morphological variation in Proboscoida (Cunha et al.,
2016), further characters were added to the analysis to
capture more of the interspecific variation, specially
regarding size and shape of hydrothecae and gonothecae,
as well as the thickness of the perisarc (by measuring the
diameter and thickness in three different positions; see
Table 1). Gonosomal characters were included whenever
these structures were available, but the identification of
their contents was rarely possible because of their state
of maturation and/or preservation. Hydranth characters
(e.g. number of tentacles, length and diameter of column)
were not considered, because all materials studied were
preserved in ethanol or formalin, and hydranths were
frequently retracted or absent.

Specimens and the corresponding scales were
photographed under stereo- and/or compound microscopes
for morphometric analysis, and measurements were
subsequently taken using Image J (Schneider et al.,
2012). Morphometric data were analysed with a
Principal Component Analysis (PCA, see: Legendre &
Legendre, 1998; Borcard et al., 2011) using the vegan
package (Oksanen et al., 2015) for the R programming
language (R Core Team, 2019). The PCA was conducted
on a correlation matrix, and distance biplots were
generated for a graphical view of the results. The
analysis comprised different levels of comparison within
each family, including the complete dataset and subsets
of data, in order to have a more detailed investigation of
patterns of morphological variation in these groups.

RESULTS

FAMILY CAMPANULARIIDAE

The PCA with all species shows that several
measurements of length and diameter (LH, DHMa,
DHMe, DHB, LP, TLT; for all abbreviations, see

Table 1) are responsible for the largest amount of
variation in the data (PC1), while the presence of
cusps (NC, HCMax, HCMin) and perisarc thickness
(PPMe, PHMe, PSS) explain another direction of
high variation among species (PC2; Fig. 1A, B; Table
1). Differences in size separate Bonneviella ingens
Nutting, 1915, B. regia (Nutting, 1901), B. superba
Nutting, 1915 and Tulpa tulipifera (Allman, 1888)
from other Campanulariidae, based on their larger
hydrothecae and pedicels (Fig. 1A, C). Similarly,
Rhizocaulus verticillatus (Linnaeus, 1758) can be
distinguished from Campanularia and Orthopyxis
by its larger hydrothecae and trophosome (Fig. 1D,
E). Differences in size are not only informative for
delimiting different genera, but are considerably
variable among Bonneviella species (Supporting
Information, Table S2). The dimensions of the
specimens of B. regia (USNM 1106181; Govindarajan
et al., 2006) are congruent with the type material of
this species, while measurements of the unidentified
specimens (Bonneviella sp.2 and sp.4; Govindarajan
et al., 2006) are closer to type material of the other
species examined (Supporting Information, Table S2).
Bonneviella sp.2 (USNM 1106182), here re-identified
as B. superba, and B. grandis (Allman, 1876) are
among the species with larger hydrothecae and
trophosome, while Bonneviella sp.4 (USNM 1106187),
here re-identified as B. ingens, have hydrothecae and
trophosome almost half the size of the three previous
species (Supporting Information, Table S2; Fig. 2A—C).

Perisarc thickness, as well as the number and
height of hydrothecal cusps, separate several species
within Campanulariidae (Fig. 1B). Silicularia rosea
Meyen, 1834 is clearly distinct from Bonneviella,
Campanularia, R. verticillatus and Tulpa due to its
thicker perisarc (Figs 1C, 2D). In contrast, species of
Campanularia canhardlybe differentiated by any ofthe
characters included in the analysis, because they have
similar morphological patterns (Fig. 1D). The exception
is C. hincksii Alder, 1856, slightly set apart from the
remaining Campanularia by its taller hydrothecal
cusps (HCMax, HCMin; Fig. 1D), a character that
shows little or no overlap among the species when
intraspecific variation is considered (Fig. 3B).
However, the remaining characters do not show this
pattern (Fig. 3A, C, D).

Perisarc thickness is also informative for
separating Orthopyxis from species of Campanularia,
although morphological variation may attenuate
this difference. Several specimens of O. sargassicola
and O. crenata (Hartlaub, 1901) group together with
Campanularia, because of their thinner perisarc
and presence of hydrothecal cusps, compared to the
remaining species of Orthopyxis (Fig. 1E; Supporting
Information, Fig. S1C). Although O. crenata and
O. sargassicola have a thicker perisarc on average,

© 2020 The Linnean Society of London, Zoological Journal of the Linnean Society, 2020, 190, 417-447

202 11dy 0Z U0 1snB Aq 6298695// L +/2/06/9191LE/UESULII00Z/W0D"dNO"DIWapEedE//:SdNY WoJj papeojumoq


http://academic.oup.com/zoolinnean/article-lookup/doi/10.1093/zoolinnean/zlz166#supplementary-data
http://academic.oup.com/zoolinnean/article-lookup/doi/10.1093/zoolinnean/zlz166#supplementary-data
http://academic.oup.com/zoolinnean/article-lookup/doi/10.1093/zoolinnean/zlz166#supplementary-data
http://academic.oup.com/zoolinnean/article-lookup/doi/10.1093/zoolinnean/zlz166#supplementary-data
http://academic.oup.com/zoolinnean/article-lookup/doi/10.1093/zoolinnean/zlz166#supplementary-data
http://academic.oup.com/zoolinnean/article-lookup/doi/10.1093/zoolinnean/zlz166#supplementary-data

420 A.F.CUNHAETAL.

Table 1. Measurements included in the morphometric analysis (codes are in alphabetical order)

Code Measurement

AG Number of Gonothecal Annuli

AGP Number of Annuli of Gonothecal Pedicel

AIB Maximum Number of Annuli of the Internodes of Side Branches
AIS Maximum Number of Annuli of the Internodes of Main Stem
APB Number of Pedicel Annuli at Base

APH Number of Pedicel Annuli below Hydrotheca

APMe Number of Pedicel Annuli at Medial Portion

DBC Diameter of Hydrothecal Basal Chamber (at diaphragm)

DGB Maximum Gonothecal Diameter at Base

DGD Maximum Gonothecal Diameter at Distal Portion

DGMe Maximum Gonothecal Diameter at Medial Portion

DGP Maximum Diameter of Gonothecal Pedicel at Medial Portion
DHB Maximum Hydrothecal Diameter at Base

DHMa Maximum Hydrothecal Diameter at Margin

DHMe Maximum Hydrothecal Diameter at Medial Portion

DIB Maximum Diameter of Internode of Side Branches at Medial Portion
DIS Maximum Diameter of Internode of Main Stem at Medial Portion
DP Maximum Diameter of Pedicel at Medial Portion

DSS Maximun Diameter of Subhydrothecal Spherule

GRatio Length:Diameter (at medial portion) Ratio of Gonotheca

HCMax Maximum Height of Hydrothecal Cusps

HCMin Minimum Height of Hydrothecal Cusps

HGC Height of Gonothecal Collar

HRatio Length:Diameter (at medial portion) Ratio of Hydrotheca

LBC Length of Hydrothecal Basal Chamber

LG Length of Gonotheca

LGP Length of Gonothecal Pedicel

LH Length of Hydrotheca

LIB Length of Internode of Side Branches

LIS Length of Internode of Main Stem

LP Length of Pedicel

LSS Length of Subhydrothecal Spherule

NC Number of Hydrothecal Cusps

NIB Maximum Number of Internodes of Side Branches

NIS Total Number of Internodes of Main Stem

NSG Number of Gonothecal Sinuosities (crenations)

NSP Maximum Number of Pedicel Sinuosities (crenations)

PGMe Maximum Gonothecal Perisarc Thickness at Medial Portion

PGP Maximum Perisarc Thickness of Gonothecal Pedicel at Medial Portion
PHB Maximum Hydrothecal Perisarc Thickness at Base

PHMa Maximum Hydrothecal Perisarc Thickness at Margin

PHMe Maximum Hydrothecal Perisarc Thickness at Medial Portion

PIB Maximum Perisarc Thickness of Internode of Side Branches at Medial Portion
PIS Maximum Perisarc Thickness of Internode of Main Stem at Medial Portion
PPMe Maximum Perisarc Thickness of Pedicel at Median Portion

PSS Maximum Perisarc Thickness of Subhydrothecal Spherule

TD Thickness of Diaphragm

TLT Total Length of Trophosome

their range of variation may indeed overlap with most other Orthopyxis (except for O. mianzani Cunha
Campanularia (Fig. 4A). Species of Campanularia et al.,2015; Fig. 4B), and when there is overlap in the
have, on average, a thinner perisarc in comparison to range of variation of perisarc thickness, these taxa
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Figure 1. Distance biplots of the Principal Component Analysis (PCA) comprising data for Campanulariidae. A, first and
second principal components (PCs) of the PCA with the complete dataset; B, second and third PCs of the PCA with the
complete dataset; C, first and second PCs of the PCA without the genus Orthopyxis; D. First and second PCs of the PCA
with Campanularia and Rhizocaulus; E, first and second PCs of the PCA with Campanularia and Orthopyxis; F, first and
second PCs of the PCA with Orthopyxis, but excluding O. sargassicola and O. crenata. In E and F, position of the specimen
Orthopyxis integra_1_USA is shown (see Supporting Information, Table S1). Numbers in parentheses indicate percentages
of variation explained by each principal component. Abbreviations of morphometric variables as in Table 1, and those in
bold indicate measurements that were correlated with each principal component (Pearson correlation >0.7 and <—0.7).
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Figure 2. General morphology of species of Campanulariidae and Clytiidae. A, Bonneviella regia (USNM 1106181);
B, Bonneviella superba (USNM 1106182); C, Bonneviella ingens (USNM 1106187); D, Silicularia rosea (PT11_ARG);
E, Clytia cf. gracilis sp.1 (EL32_SLV), with gonotheca; F, Clytia cf. gracilis sp.3 (EL05_SLV), with detail of hydrothecal
cusps; G, Clytia cf. gracilis sp.5 (PAF03_BRA); H, Clytia cf. hemisphaerica sp.1 (FLT03_USA), with detail of hydrothecal
cusps; I, Clytia cf. hemisphaerica sp.2 (EL06_SLV), with gonotheca. Scales: A, C = 1 mm; B = 2mm; F (both), G, H (cusps),
I (trophosome) = 100 pm; D, E (both), H (trophosome), I (gonotheca) = 200 pm.
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Figure 3. Mean =+ standard deviation of morphometric data for Campanularia. Morphological variation in C. volubilis is
presented as intracolony () and population variation (*, ZMUC and USNM 29217; see Supporting Information, Table S1)
for comparison. A, length of hydrothecae (LH, pm); B, maximum height of hydrothecal cusps (HCMax, um); C, number of
hydrothecal cusps (NC); D, length:diameter ratio of hydrotheca (HRatio). Brackets = [number of specimens measured].

can be distinguished by the hydrothecal length and
length:diameter ratio (Fig. 4C, D).

When considering only species of Orthopyxis without
hydrothecal cusps, the variation in size and perisarc
thickness distinguish all individual lineages (Fig. 1F):
Orthopyxis mianzani has larger polyps with larger
hydrothecae and a thinner perisarc; O. asymmetrica
(Stechow, 1919) (see re-identified materials in Table
2) have shorter polyps and hydrothecae, with thinner
perisarcs; O. caliculata (Hincks, 1853) has shorter
polyps and hydrothecae, but a thicker perisarc; and
0. integra (MacGillivray, 1842) (see re-identified
material in Table 2) have larger polyps and hydrothecae,
with thicker perisarcs. The specimen from the Aleutian
Islands (USNM 1106184, Govindarajan et al., 2006;
Cunha et al., 2017, as Orthopyxis integra_1_USA)
is distinguished by its larger hydrothecae and
pedicels (Figs 1E, F, 4D). However, variation occurs
in all species, and some may overlap in their ranges,
sometimes contradicting the separation of the lineages
(e.g. O. asymmetrica and O. caliculata, O. caliculata
and O. integra; see Figs 1F, 4). Additional comparisons
with type species and descriptions from the literature
(Supporting Information, Table S3) show that the
morphological patterns of the specimens identified as

Orthopyxis sp.1, O. everta (Clark, 1876) and O. integra_
IT by Govindarajan et al. (2006) and Cunha et al.
(2017) are congruent with that of O. asymmetrica.
Differences in hydrothecal length, perisarc thickness
and length:diameter ratio of the basal chamber
confirm their distinction from O. angulata Bale,
1914, O. compressa (Stechow, 1919) and O. caliculata
(Supporting Information, Table S3).

Additional principal components were evaluated,
but they do not show clear patterns of differentiation
among species (Supporting Information, Fig. S1).
A PCA including only data from specimens with
gonothecae separated S. rosea because of its longer
gonothecae, and Orthopyxis and Bonneviella
because of their broader gonothecae (see Supporting
Information, Fig. S1F).

FAMILY CLYTIIDAE

When all species of Clytia are compared, the PCA shows
that most of the variation (PC1) is related to the presence
of erect colonies, and the number, length, diameter and
perisarc thickness of the internodes (NIS, LIS, DIS,
PIS) separate Clytia linearis (Thorneley, 1900) and
some specimens of C. elsaeoswaldae Stechow, 1914, C.
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Figure 4. Mean + standard deviation of morphometric data for Orthopyxis, including a comparison with species of
Campanularia (i.e. C. subantarctica, C. hincksii and Campanularia sp.; Supporting Information, Table S1). Morphological
variation in O. crenata and O. integra is presented separately for some populations and combined (‘all’), for comparison.
Data for specimens of O. crenata from New Zealand, Argentina and Brazil are represented with numbers 1 to 3, respectively.
Similarly, data for specimens of O. integra from the Aleutian Islands and Argentina are represented with number 1 and 2,
respectively. A, B, maximum perisarc thickness of hydrotheca at medial portion (PHMe, um); C, length:diameter ratio of
hydrotheca (HRatio); D, length of hydrotheca (LH, pm). Brackets = [number of specimens measured].

cf. gracilis (Sars, 1850) sp.1 and C. cf. hemisphaerica
(Linnaeus, 1767) sp.1 from the remaining Clytiidae (Fig.
5A). However, when data for species of C. cf. gracilis and
measurements related to internodes are excluded from
the analysis, further morphological patterns among
species with erect colonies become evident (Fig. 5C, D).
Clytia linearis is distinguished by its longer hydrothecae
and cusps (LH, HCMax, HCmin; Fig. 5C, D), although
the range of variation of cusp height overlaps with those
of other species (Fig. 6A, B). Likewise, C. elsacoswaldae
is separated by the larger hydrothecal diameter (DHMa,
DHMe, DHB, DBC; Fig. 5A, C, D), but this character
is more informative when compared to species of C. cf.
gracilis and C. cf. hemisphaerica, with which it shows
less overlap (Fig. 6C). Further comparisons show that
C. elsaeoswaldae has a thicker diaphragm on average
than C. linearis, as well as specimens of C. cf. gracilis and
C. cf. hemisphaerica (Fig. 6D). However, morphological
variation is high and certainly attenuates these
differences, leading to large overlaps among species.

The second direction accounting for most variation
(PC2; Fig. 5A, B) is related to perisarc thickness
(PHMa, PHMe, PHB, PPMe) and length:diameter
ratio of the hydrotheca (HRatio). It sets apart Clytia
sp.2 and Clytia noliformis (McCrady, 1859) because of
their thicker perisarc, and Clytia sp.1, C. cf. gracilis
sp.5 and C. paulensis because of their more cylindrical
hydrothecae (Figs 5A, 6E, F). Although evident when
directly compared among these species, differences in
HRatio are not evident in all PCAs, probably because
of the slight variation shown by the remaining species
of Clytia (Fig. 6F).

Specimens of C. cf. gracilis, although not clearly
individualized, can be set apart from each other when
compared as a group: C. cf. gracilis sp.B, C. cf. gracilis
sp.1 and sp.2 have larger hydrothecae and pedicels
(LH, DHMa, DHMe, DHB, DP) with higher and more
numerous cusps (NC, HCMax, HCMin), while C. cf.
gracilis sp.3 and sp.4 have, in general, lower values
for those characters (Fig. 5E, F). If measurements

© 2020 The Linnean Society of London, Zoological Journal of the Linnean Society, 2020, 190, 417-447

202 11dy 0Z U0 1snB Aq 6298695// L +/2/06/9191LE/UESULII00Z/W0D"dNO"DIWapEedE//:SdNY WoJj papeojumoq


http://academic.oup.com/zoolinnean/article-lookup/doi/10.1093/zoolinnean/zlz166#supplementary-data

MORPHOMETRY AND TAXONOMY OF PROBOSCOIDA 425

Downloaded from https://academic.oup.com/zoolinnean/article/190/2/417/5698679 by guest on 20 April 2024

D]021SSDSADS “() I0J
1deoxe ‘s1xAdoy.4() Jo so1dads JoY}0

s1xAdoy.4() Jo seads 18130

s1x£doy.() Jo seads 18130

nrvnuDdwn))

nrDnUDdWn)) Jo $o199ds I9Y10
DIDUL ")
pue »joo1$sPSUDS () JO SUSWILD
-ods awos 10j 1deoxe ‘suxAdoyri()

oeprrenuedure))
eeprueuedwe))

aeprure[nuedwe))

eeprurenuedwe))

(WL [BI9YJOIPAY USAD Juasatd
A[renjusae Aew Inq) sdsno
[B99Y30IPATY JO JYSIOY pue IoquINN

ssou{o1y) oxestied

[eo1pad pue BoeY10IpAY Jo 33uer]
IoquIeyd [BSB( [BII0IPATY
JO o1jeI I9joWRIP:}SuUd]
‘ssouyory} oqestied ‘[eotpad

pue Boey10IpAY Jo yr3uer]
BOSI0IPAY
JO orjea I9joWRIP:YI3us]

pue Y)3ud[ ‘SSouIIY} OIBSLIOJ
punoj j0u sIe}

-0BIBYD OLIIOWOYdIOW 9ATJOUNSI(]
punoj jou si193

-0eIBYD OLIjoWOYdIoW 9ATJOUTSI(]
punoj jou s19

-0eJIRYD JLIjoWOYdIow 9ATJOUSI

¢

sdsno [Bo9YJ0IPAY JO JYSOH
BOSJOIPAY
JO o1jed I9joWRIP:}3US]

pue Y)3ud] ‘SSouIIY} dIBSLIoJ
(py72100UUGT

urt Jsedae] o)) BOOYJO0IPAY JO 9ZIS

BISJOIPAY JO 9ZIG

BI910IPAY Jo adeys pue azIg
BOOYJOIPAY
pue [eotpad 813 Jo Y33us]
‘ewrosoydo.ay oy} Jo YjSue] 1810,

sok

sok

sok

4S04
sok
sok
TN

sak

ou

sak
sok

sk

S0k
sok

sk

(€9T90TT INNSN) ZN p5oqu1
s1x£doy 340 (($%9% ASNZIN)
‘ds seddoy1() ‘6G€E ‘€695
1095 ‘8653 ‘099G ‘1958 JSNZIN

595V

‘LLTY ‘G995 ‘€955 ‘999G ‘99T
‘69S% ‘0993 ‘S1-319% ASNZIN

(08-65T90TT

NNSQ *€9-09€€ dSNZIN)
LI nuSaqu1 s1xAdoyi() ‘11202
swAdoyga) ‘1'ds sixAdoyii)

¢

99T90TT NNSN
19L3 ‘e¥-1¥92 dSNZIN

€793 ‘6692 ISNZIN
LSTO0TT
NNSN ‘09-65.2 dSNZIN

(28T190TT
NNSN) g 'ds pyjoraauuog
TI8T90TT NNSN
(L8T90TT
WNSN) ¥ ds vjja100uUg

(T06T ‘qneirey) vipuaLd s1xAdoyii()

(§G8T ‘SYPUIE]) DDINo1D2 S134d0Y 240

6161 ‘MOoYoag Dotgawwisn s1xLdoyi()

%981 ‘z1ssedy ] sixAdoyz.() snudy)

(8GLT
‘SneRUUIT) $1719NJ0a DIDINUDAWD))

“ds pumynundwn))

TL6T
‘PIBIIIIA P2172.4DIUDQNS DIIDINUDAWD))

9G8T “IopY 115youry DLDINUDAWD)

9181
‘Spoaewre | puv)nupdwn)) SNUIL)

GT@T ‘Surynp nq.adns vjja100UUOT
(TO6T ‘Sunnp) v15a4 vjjP102UUOT

GI6T ‘SumnyN suasui njjo100uUOG

606T ‘UooIg D772100UUOG SNUDK)
9€81

‘uojsuyop seprirenuedure)) A[rureg
¥861 ‘uo[[mog

epiurenuedure)) Jopioeajuy

09 pareduwiod USY M SATJOUTISIP
aIe sI9j0BIRYD JLIjeWOYdIOo

SI910RIBYD JT)SOUIRIP
oLIewoydIoTA

(LTOg “Te 30 BYUND)
;oneAydouoy

(TS °19q8], ‘uoneuLIOFu]
Sunproddng e9s) (s)uswoadg

uoxe[,

Apn3s ST} Ul pesATeur so10ads a1} 03 PAJTWII] 818 SI9)ORIRYD ILIJOWOdIOW SATJOUTISIP UO SUOISN[IU0D dArjeIRdUI0D ‘SNUaS 10 A[TUe] 0] SULLISJOI USY A

(LT03 ¢°7P 72 BYUN))) UOTJBULIGUOD SPOaU WSTI[AYdOUOU I101[} 9.10JoJ0Y) ‘Sa10ads auo0 ATuo A pajussardal aIom DJ1agQNDIIDE pueR DanLlyiouoy) ‘vdn ], ‘Sninnioziyy
BIOUSS O, "(1X0) 99S) 9SUSS [BUOIIIPRI) ST UL o1)o[Aydouour J0u ST (ZHFQT ‘ARIAI[[IDIR]N) DLSaul s1XAd0oy1.L() sewads oy, "(L10g) ‘70 22 eyun)) ut setuadojAyd ayj Jo [[e
j0u Inq ‘sowr ut oAy douowr a1om Jet} sdnoLs 9)edIPUL , [OqUIAS SIYJ, "SI9}ORIBYD ILIJoWOYdIOW I8} puR ApNJs SIY} Ul pajIWI[ep sewads Jo Arewrwng *g 9[qelL,

© 2020 The Linnean Society of London, Zoological Journal of the Linnean Society, 2020, 190, 417-447


http://academic.oup.com/zoolinnean/article-lookup/doi/10.1093/zoolinnean/zlz166#supplementary-data

426 A.F.CUNHAETAL.

Downloaded from https://academic.oup.com/zoolinnean/article/190/2/417/5698679 by guest on 20 April 2024

(o1yer) PorLaDYdsIWAY O )

pue 51729045 ‘30 ) SuruTBWAL I0J

1deoxe ‘@rpImAT) {(sdsno jo JyStey

pue JoquInu ‘I9joweIp ‘YjSue)
g-ds pue g-ds ‘1°ds s17100.45 Jo 01347

gq-ds pue g-ds ‘1°ds s17200.45 Jo 01347

#'ds pue g-ds s1710m.48 o D147

#'ds pue g'ds s17100.48 Jo D1IAT)

(wSeryderp) eepmA)
{(19)oureIp) DO1L2DYdSIUIDY
Jo DA pue s1710045 Jo 1L

(9B2930IPAY JO [33Ue])
pw1ss1§uo] | 10y 1deoxe ‘@epIIeq

eepruenuUBdWER))

swxAdoyga0

10§ 9deoxe ‘eeprurenueduwe))

swxAdoyga() pue punynuUDdWD))

DIDUBLD () I0]

1deoxe ‘s1xAdoya() Jo sewads Io130

s1x£doy.a() Jo seads 10130

s1xAdoy.a() Jo seads 19130

BOOYJOIPAY

Jo orjea I9jewreIp:yjsue] ‘sdsno

[899Y301p£Y Jo 1ySey pue

Joquuinu ‘[edrpad pue BOSYJOIPAY
Jo JejowreIp pue Yrduer]

sdsno [BoeYj0IpAY Jo JySey pue

Joquinu ‘[edrpad pue BOSYJOIPAY
Jo JejowreIp pue Yrsuer]

sdsno [e0oY}0IpAY Jo 1YySIoYy pur

Jequnu ‘[edrpad pue BOSYJOIPAY
Jo JejowreIp pue Y1duer]

sdsno [eoeYj0IpAY Jo JySey pur

Jequinu ‘[edrpad pue BOSYJOIPAY
JO I9jewreIp puR ISua|

wdeayderp jo
SSOUNOIY) “@I9YI0IPAY JO JojoweI(]

9B09110IPAY Jo Yj3us|
‘sdsno [B2eJ0IPAY JO YO

BI90IPAY JO 9ZIG

SSQUITY) dIBSLIOJ

BIQYJOIPAY JO
p3ue] ‘ewrosoryydory Jo y33ue] [8310],

sdsno

[899130IpAY JO 1Yoy puR IoquINN
SSoUDIY) aaesLIad

‘[ootpad pue BIOYJOIPAY JO ISuUa
BOOYJOIPAY
JO o1yl I9jeWRIP:}SUS]
‘ssouxry} oxestiad ‘[eotpad

pue BooyjoIpAY Jo yrSue|

sk

sok

sk

sok

sok
ou
ou
sok
sok
sak

SOk

sok
sak

YN
4S04
sok

sok

sak

0990Z¥T
‘GG90GFT ‘8¥903FT INNSN
1TLLG LILT ‘9923 ASNZIN
(3ST90TT INNSN) d'ds
s17100.48 1K) 1G8L.% ASNZIN
€LL% ‘3LLTG ‘0L-89L% ASNZIN

8GL8LOT ‘G3L8LOT
NS *69-39L8 ISNZIN

8L90Z¥1T ‘98902%T INNSN

99€€ dSNZIN

¥9T90TT
NS P9€€ ‘G98€ ISNZIN

E€8T90TT NNSN

L6SY ‘€9T ‘0£92-L39T
‘06-L19g ‘TT—509% ‘€0—309g
‘0092-665% ‘L6-£69% ISNZIN
0L6653T
NS ‘08-0L5% ‘6552 ASNZIN

(0793 ‘8698 dSNZIN)
joput “ds eeprurenuedue))

‘F8T90TT INNSN ‘8SEE ASNZIN

¥ds s1720045 ‘30 DAY

¢ ds s1710045 Jo D17A])

g'ds s1710045 "Jo DAY

T1°ds (0G8T ‘sIeg) 52719048 Jo 14D

FTET ‘MOY09IS aDPIDMS0aDS]a D1IL])
ZI8I ‘Xnoanowrery| »174]) SNUL)

TI6T ‘T219300)) 2BPINA[) A[rureq

#opu1epleqO
9108

¢*I0 72 RUUOIR]N BPII[aq() JopIoRIJu]

(8881 ‘wewW([Y) nL2f1d1yng AN ],
1261 M0Y29)g nd]n [, snuay)

FEQT ‘USLDIN DSOL DLIDINILG
P81 ‘USASI\ DLIDININ]1S SNUIY)

(8GLT
‘SNORUUIT) SN2D]]1912.120 SNINDIOZIYY

6161 ‘MOYD9)S SNJNDIOZIYY SNUIX)

(QTBT ‘Sunnp) 0j0o18SDSUDS S1XAAOY1L()

GT0g ‘sonbrepy %

ourzULY) ‘@yuUN)) 1unZUDIW S1XLdOYI()

(ZPST AeIA[IDHIRIN) DLSoIUL S1XAAOYIL()

0} paaeduwod USYM JATIOUT)SIP
aIe SI910RIRYD JLIWO IO

SI910RIBYD JT)SOUIRIP
oLrewoydIoTA

(LT0g “Te 30 BYUND)
;oneAydouoy

(TS °IqeY, ‘uorjewioyu]
dunroddng e9s) (s)uewredg

uoxe],

penunuo) °g SqeL,

© 2020 The Linnean Society of London, Zoological Journal of the Linnean Society, 2020, 190, 417-447


http://academic.oup.com/zoolinnean/article-lookup/doi/10.1093/zoolinnean/zlz166#supplementary-data

MORPHOMETRY AND TAXONOMY OF PROBOSCOIDA 427

Downloaded from https://academic.oup.com/zoolinnean/article/190/2/417/5698679 by guest on 20 April 2024

oeprIeqO

(eoarjouos)
aepIreqQ ([901pad) 117290

(sdsno pue
oreI) DIDIUIPLY () {(SUrYPURI])
D172q() 10§ 1de0X0 ‘@epIIeq)

(sdsno pue
oneI) DIDIUIPLQ () {(SUryPURI])
01729 10J 1d80%a ‘VBPIAqQ

DOLDYAS1WAY O ) puB
81729045 °Jo ) 10J 1de0X8 ‘@BPINAT)
s1uLof170u <) 103 1dedxa ‘@BPIMAT)

DowaDYdsiway Jo ) pue
s17100.45 1o 7)) 10J 1deoxe ‘@BpINA[)

81729045 2 ) 10J 1de0Xa ‘@BPINAT)

g ds 147 103 1deoxe ‘@BPINAT)
oepmATD

¥'ds pue g-ds s17100.45 ‘Jo D17L])

[eatpad

pue Bo9YJ0IPAY JO I9jewreI(]
punoj jou siey

-0RIBYD OLIOWOYAIOW 9ATJOUT)SI(T
punoj jou s1ey

-0BRIBYD OLIOWOYdIOW SATJOUT)SI(T

©oayjouos pue [eo1pad Jo yjduer]
sdsno 1edey)0IpAY
J0 1S1eY “B9YI0IPAY JO
OTJR.I J9)oWeIp:Y)3us]
‘SOTUO[02 70919 JO FUuryouRIg

sdsno 1ede)0IpAY

J0 1yS1ey ‘B0ay30IpAY JO

orjelI I9joWRIP:YI3us]
‘SOTUO[02 30919 JO FuryouRIg

ase( je rnuue [eo1pad

Jo Joqunu ‘[ea1pad Jo yjSue|

SSOUOTY) dIBSTIo]
BOOYJOIPAY

JO o1jeI I9)eUWIRIpP:}SUe]
BIOYJOIPAT

Jo o1jel I9jeWRIP:}SUe]

SSOUIOIY) OIBSLIoJ

BOSJ0IPAY JO YPSuer]
punoj jou s1ey

-0RIBYD OLIOWOYdIOW SATJOUT)SI(]
punoj jou sae}

-0RIBYD OLIOWOYdIOW SATJOUT)SI(T
punoj jou sae}

-0BRIBYD OLIOWOYdIOW SAIJOUI)SI(]
sdsno [eoey10IpAY Jo JySiey pue
Joqunu ‘[edrpad pue BIOYJOIPAY

Jo JejowreIp pue Y1due]
punoj jou s1e}

-0RIBYD OLIOWOYdIOW SAIJOUI)SI(]

sk
sok
sok

ou

sok
4S9k

sk
4S9k
sk

sk
sok

sk
sak

sak
sok

sok
sk

sak

sak

sak

G6T90TT
‘06T90TT JNNSN ‘9182 ASNZIN
LLT90TT INNSN ‘963LE TANIT
DNHN ‘S1-218% ‘0183 ISNZIN

80—L08¢ dSNNZIN

90—708¢ dSNZIN

YST90TT
NNSN ‘€0—308¢ dSNZIN

1082 dSNZIN
008¢ ASNZIN

66L¢ dSNZIN

8SGTI0TT NNSN
0GL8LOT

NNSN ‘86-L6L% dSNZIN

62L8L0T ANSN ‘96L8 ISNZIN
€L90a¥1

‘6G903¥T ‘989027 T NSO
98T90TT

NNSN ‘66-06L2 ASNZIN

£68—98L¢ dSNZIN

0€L8LOT NNSN

V8V LLE dSNZIN

1,G8T Tep[y psonxaj] napawon|

(T98T ‘SIOUI]) D.121]099]D DOPIUWIODT]

T98T ‘SYOUTH DIDINSUD DIPIULODT

ZI8I ‘XNoInowe| napawonT SNUdX)

(99LT ‘se[[ed) psou1n]ao8 0]]aQNDIILDE

Y161 ‘9yood 1]12qnD]4DF SNUSY)

(6G8T ‘UBWI[Y) 1U210] DIDLAYIOUOL)

981 ‘UrWI[Y PaD.LLY70U0Y SNUIY)

6L8T ‘[9Y99'H 98PII[PqQ A[rureq

g'ds p141D
gds v1d])

T°ds v147)
(0T6T ‘usgqyuey) szsuapnnd ppd])

(698T APBIDOIN) Stusoftjou p1Ik])
(0061 ‘“Ko[PUIOY],) S14DUT] D1K])

¢-ds moranydsrway ‘3o n1747)
% ds morianydsiway ‘3o n1747)
Tds (L9L1
‘sneeuuI) Datanydsiuay Jo 1L
gq-ds s1720045 Jo 01347

¢-ds s1710m45 Jo L1747

0} paaeduwod USYM JATIOUT)SIP
aIe SI910RIRYD JLIPWOY IO

SI910RIBYD JT)SOUIRIP
oLrewoydIoTA

(LT0g “Te 30 BYUND)
;oneAydouoy

(TS °IqeY, ‘uorjew.ioyu]
dunroddng e9s) (s)uewredg

uoxe[,

penunuo) g Sqel,

© 2020 The Linnean Society of London, Zoological Journal of the Linnean Society, 2020, 190, 417-447


http://academic.oup.com/zoolinnean/article-lookup/doi/10.1093/zoolinnean/zlz166#supplementary-data

428 A F.CUNHAETAL.

Downloaded from https://academic.oup.com/zoolinnean/article/190/2/417/5698679 by guest on 20 April 2024

‘suoryedyIUSpI-ax pasodord Y} UI PAISPISUOD 10U dIom £a1[) ‘suswitoads asay) Jo ASojoydiowr ay) £pnjs 01 (e JOU SI9M dM SIUIS "PIULIUOD 8q P[NOYS PUL

‘(LT0g €1 72 BYUN)) 90s) seouanbas 9T U0 peseq ATuo aIe sjnsad 9saY) Ing ‘T°ds norenydsiway Jo D147 YIIM PaIaIsn(d os[e (€10g) 7P 12 NOYYZ WOIJ S1SuauawnIx D13L]) S8 peyriuepl suewoadg seroeds
1B} 0} poLIgjed 9q P[Noys pue ‘(L10g) 7P 72 equn)) Jo AusdoAyd ayj ur 1-ds noranydsiway Jo p13A7) Jo suawads YIim patajsnyd (TT0g) ‘7P #2 upur] woiy y-ds s17100.45 n134]) se peyrpuapl suewoadg,
‘suorpeoyruepl-al pasodoad ay) UT PaISPISUOD J0U 8I9m oY) ‘suewrdads osay) Jo ASojoydiow ay) Apnys
0] 9[qB J0U 9J0M 9M 9IUIS *(UOISSNOSIP 998) (L, 103) 7P 22 eyun)) Jo AusSoiAyd o) ur g'ds 2720045 Jo 012470 JO sueWAAS YJIM POISISNII (GT(G) ‘7P 12 OH WOLJ S1suasun)ns n13A]) se peyyrpuepl suswoadg,
‘suoryedy1puapI-al pesodoad oY) Ul PeIepISUO0D 10U oIom Ao} ‘suswioads asey) Jo Aojoydiow ay) ApnIs 01 o[qe J0U oI9M oM
Q0UIS ‘19A9MO] "s010ads 18Y[) 01 PALIgJal 8q P[NOYS Pue ‘(LT0g) ‘7?0 72 eyuny) jo Auado[Ayd oy ut ¢'ds s17100.45 Jo D147 Jo suswdads YIim PaIalsnyd (G10g) 7P 72 9H wodj ds p1A]) se paypuepl suewoadg,

(sdsno) jeput epHRqO puL

DIDIUAP1q () 10} 3de0Xs ‘DBPII[eqQ
{(yySue] pue o1jer) DIVIUIPIQ ()

(s1990RIRYD

Sururewal [[8) DWOIOYIIP JO ‘O

Jo suewiroads awos (33U 830}

‘Suryouelq) DWOIOYIIP JO D1JQ(0)
Jo suawroads awros jdeoxe ‘@eplreqQ

9EpIRqO
% ds pue 1'ds pwogoyorp ‘3o n1729()

¢ ds pue 1°ds pwojoyap ;Jo n17290)

(sdsno) nsoun)as ‘[
pue 1u2a0] P {(013e1) SBPIBIQ

sdsno T2 )0IpAT
J0 1Y31e7 ‘Bo010IpAY
JO 3Su9[ ‘BI930IPAY
Jo onjea JejeweIp:yj3ua]
sdsno
[809Y30IPAT jo (odeys) 1Sy
“B091[J0IPAY pPUE SOPOULIAIUT JO
3Sue] ‘emosoydoa) Jo yiSue|
107 ‘SOTUO[0 30010 Jo FuryouRIg

SSQUIIIY] dIBSLIS]
awosoydoa) jo yj3us

8107 ‘SOTUO0(02 10910 JO SuryoueLg
awosoydoay Jo yjsue|

8107 ‘SOIU0[0D 10040 Jo Suryourig
punoj jou si19

-0RIRYD OLIjoWOYdIow 9ATJOUTSI]
punoj jou sie}

-0eIRYD JLIIOWOYdIOW SAIJOUNSI(
sdsno [eoeYl0IpPAY JO
1y3S1eY puk IoquUINU ‘BISYIO0IPAY

Jo orjea I9jewRIP:y)3ua]

sak

sok

sok

sok

sok

sk

sak

sak

ou

LG—9G€€ dSNZIN

1619011

‘68T90TT ‘€LT90TT ‘€ST90TT
NNSN ‘66-35€€ dSNZIN

6LT90TT ‘9LT90TT ‘GITI0TT
NNSQ ‘TS-L¥e€ dSNZIN

9¥E€ TFEE ASNZIN

¥€€€ ‘056185 ASNZIN
9GT90TT

NS ‘€7—3¥EE ‘96 ASNZIN

Sv—¥¥EE ‘07—9¢€€ ISNZIN

89905¥T ‘G8T90TT ‘GITI0TT
JANSN ‘8183-L18% dSNZIN

1°ds 21720

(99L1 ‘se[[ed) pwiss15uo] p129Q)
(8GLT ‘snoeuul]) DIN]NIUS D1]2Q()
¥'ds nwogoyorp ‘3o D172

¢ ds nwojoyap ‘Jo 17290

% ds Dwojoyo1p Jo D129
1'ds

(8GLT ‘sneruUIT) DWOFOYIIP IO DIJ2G0

GLS8T SITe) DIDIULPIq DU2GO
0181

‘INdNS9rY 3 U0IIJ V1729 SNUIY)

0} paaeduwod USYM JATIOUT)SIP
aIe SI910RIRYD JLIWO IO

SI910RIBYD JT)SOUIRIP
oLrewoydIoTA

(LT0g “Te 30 BYUND)
;oneAydouoy

(IS °1qey, ‘uoneurioyu]
dunroddng e9s) (s)uewredg

uoxe[,

penunuo) g Sqel

© 2020 The Linnean Society of London, Zoological Journal of the Linnean Society, 2020, 190, 417-447


http://academic.oup.com/zoolinnean/article-lookup/doi/10.1093/zoolinnean/zlz166#supplementary-data

MORPHOMETRY AND TAXONOMY OF PROBOSCOIDA 429

PHB A N B
«
C. noliformis | p -
Clytia sp.2 - DHMe
= APB C. elsaeoswaldae o 18
5 i 2
e . =
o 1% o vErect colonies 3
= 2 o
8 A {é >LBC
a A -
;DI “'
S PIS
o]
N
o
&
PC1(24.79%) HRatio
T T T T T T
-2 21 0 1 2 3 23 3
HRatio C o | A D
- API
C. noliformis
PHM ! .
- © | PHMe Clytia sp.2 ... lytia =0
° s —) E GES C. hemisphaerica
S -,
8 isp.1, sp.2, sp.3
pud m
C. linearis ; APB 2 & .
2 ’ B4 Clytia sp.3 O pue
o 4® :
~ NIS: g 2
~ 3 f ; HRati
) se“C. noliformis | ato
o PIS 8 Clytia sp.2 HCMax
DIS, H Qe
C. elsaeoswaldae &
&
DHB o |
PHMa N
DHMe PHMe
0 pppe N
M PHB &
DBC PC1(27.57%) phme PC1 (27.74%)
T T T T T T T
22 21 0 1 2 22 21 0 1 2
PPMe Tp HRatio
o E F
DHMa N HCMin
o \
© DHMe LH
C. gracilis sp. DHB
* ,-0' B
o= by
SIS A -
2 ’ LH
8 : . b ... C.gracilis sp.3
© y ! C. gracilis sp.1 2 C. gracilis sp.1 ™% #7968 ~C. gracilis sp.4
e .5, oo C. gracilis sp.2 @ C. gracilis sp.B O 3
. - o C. gracilis sp.B o J= DHB :
=Y C. gracilis sp.4 ", ] o
& o DHMé
o} DHMa
a‘ T -
[ DBC pp
C. gracilis sp.2 ™0 APH
o
o
o PC1(27.75%) uSpdV PHB  PC1(34.49%)
T T T T T T T T
21 0 1 2 23 22 21 0 1 2

o Clytia elsaeoswaldae
oClytia cf. gracilis sp.1
oClytia cf. gracilis sp.2
AClytia cf. gracilis sp.3
OClytia cf. gracilis sp.4

+Clytia cf. gracilis sp.5
aClytia gracilis sp.B

m(Clytia cf. hemisphaerica sp.1
oClytia cf. hemisphaerica sp.2
v Clytia cf. hemisphaerica sp.3

oClytia noliformis
oClytia paulensis
AClytia sp.1
xClytia sp.2
+Clytia sp.3

202 11dy 0Z U0 1snB Aq 6298695// L +/2/06/9191LE/UESULII00Z/W0D"dNO"DIWapEedE//:SdNY WoJj papeojumoq
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Figure 5. Distance biplots of Principal Component Analysis (PCA) comprising data for Clytiidae. A, first and second principal
components (PCs) of the PCA with the complete dataset; B, second and third PCs of the PCA with the complete dataset; C,
first and second PCs of the PCA without Clytia cf. gracilis lineages; D, first and second PCs of the PCA without C. cf. gracilis
lineages and measurements related to internodes of erect colonies (NIS, LIS, AIS, PIS, DIS); E, first and second PCs of the
PCA with lineages of C. cf. gracilis; F, first and second PCs of the PCA with lineages of C. cf. gracilis, excluding measurements
related to internodes of erect colonies (NIS, LIS, AIS, PIS, DIS). Numbers in parentheses indicate percentages of variation
explained by each principal component. Abbreviations of morphometric variables as in Table 1, and those in bold indicate
measurements that were correlated with each principal component (Pearson correlation >0.7 and <-0.7).
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Figure 6. Mean + standard deviation of morphometric data for Clytia species. Data for Clytia sp.1 and sp.2 refers to
intracolony (!) variation. A, length of the hydrotheca (LH, pm); B, maximum height of hydrothecal cusps (HCMax, pm);
C, maximum diameter of hydrotheca at medial portion (DHMe, pm); D, thickness of diaphragm (TD, pm); E, maximum
hydrothecal perisarc thickness at margin (PHMa, pm); F, length:diameter ratio of hydrotheca (HRatio). Brackets = [number

of specimens measured].

related to erect colonies are excluded from the
analysis (LIS, PIS, NIS, DIS), C. cf. gracilis sp.1 and
C. cf. gracilis sp.B can be further separated from C. cf.
gracilis sp.2 by the length (LH) and length:diameter
ratio of the hydrotheca (HRatio; Fig. 5F), although
these differences are too small to be informative and
delimit lineages. Specimens of C. cf. gracilis sp.5 spread
along the four quadrants of the graph because of their
high variation in the characters examined (Fig. 5E, F).
Additional comparisons with literature descriptions
show that morphological variation is pronounced in
the presumably typical C. gracilis, and the lineages
analysed here could fit one or more descriptions
(Supporting Information, Table S4).

Specimens of C. cf. hemisphaerica are not separated
by any of the morphological measurements, showing
intermediate values for most of the characters
evaluated (Fig. 5A-D; Supporting Information, Fig.
S2). Characters that are important to differentiate
other species of Clytia are uninformative for lineages
of C. cf. hemisphaerica, especially because of their
wide range of variation and extensive overlap. This
variability is also seen when descriptions from the

literature are compared (Supporting Information,
Table S5; Supporting Information, Fig. S3).

Additional PCAs, including characters from
the gonotheca, show less conspicuous patterns
of differentiation among species (Supporting
Information, Fig. S2). Clytia hummelincki (Leloup,
1935) has been shown to not be part of Clytiidae in
previous phylogenetic analysis (Cunha et al., 2017)
and, therefore, was not included in the PCAs with this
family.

FAMILY OBELIIDAE

Patterns of morphological variation in Obeliidae
are mostly congruent among the different datasets
examined (Fig. 7). Considering all species, perisarc
thickness (PHMA, PHMe, PHB, PPMe, TD) explains
most of the data variation, separating Obelia
geniculata (Linnaeus, 1758) by its thicker perisarc
(Fig. 7A, B). This character also set apart O. geniculata
from the remaining species when only the genus
Obelia is considered (Fig. 7C). In addition, Obelia
geniculata has the widest range of variation of perisarc
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202 11dy 0Z U0 1snB Aq 6298695// L +/2/06/9191LE/UESULII00Z/W0D"dNO"DIWapEedE//:SdNY WoJj papeojumoq


http://academic.oup.com/zoolinnean/article-lookup/doi/10.1093/zoolinnean/zlz166#supplementary-data
http://academic.oup.com/zoolinnean/article-lookup/doi/10.1093/zoolinnean/zlz166#supplementary-data
http://academic.oup.com/zoolinnean/article-lookup/doi/10.1093/zoolinnean/zlz166#supplementary-data
http://academic.oup.com/zoolinnean/article-lookup/doi/10.1093/zoolinnean/zlz166#supplementary-data
http://academic.oup.com/zoolinnean/article-lookup/doi/10.1093/zoolinnean/zlz166#supplementary-data
http://academic.oup.com/zoolinnean/article-lookup/doi/10.1093/zoolinnean/zlz166#supplementary-data
http://academic.oup.com/zoolinnean/article-lookup/doi/10.1093/zoolinnean/zlz166#supplementary-data
http://academic.oup.com/zoolinnean/article-lookup/doi/10.1093/zoolinnean/zlz166#supplementary-data

MORPHOMETRY AND TAXONOMY OF PROBOSCOIDA 431

o 4
DHMaDHMe A LH B
DP
z PIB tR e
piBLB LH DBC DHMe
o 4
0 DP
T ;f HCMaxHCMIn
©
T HRatio
2 -5 oee
g 4
5
P
o ;
[$]
a AP
© . H *-
o Obelia sp.1: &7
e O. bidentata. » hiiMa
7 it . ~ e » >PHB
HRato Obelia sp.1', ¢ @ ¢ s i
S O. bidentata* %& e 5 O. geniculata
N PC1 (27.10%) PC1(28.81%) PIS
T T T T T T T
21 0 1 2 22 21 0 1 2
LP
o DHMe us e C D
« DHMa LBpig O
2 “APH
DP T - " L. angulata
DHB e ~.L. calceolifera
=R e Iongl;stma NiB \;b‘ |
* K °©
o | NI& &0 AlB . :;) X
T 6\(\5\ ° 18 i AB
N
o B
o | AIS w0 | & Di§
=] 2 s
° « G. loveni ™ L. flexuosa
ABS -NC H. gelatinosa
e APH 2 e
(=) N HRatio, DBC
L[] N
pig S ; Hgnano o b |“de‘ det
o e, . k3 Fichin =% HCMaX ficain CULCRE
S O. geniculata ™" Ve m:Obelia sp.1
PC1(30.76%) .-~ O. bidentata PC1(30.84%) LBC |y
T T T T T T T T T
215 21.0 20.5 0.0 05 1.0 15 22 21 0 1
AlS LGP
© e E agp GRatio F
-] [
o
DIS L. flexuosa e
248 A - L. calceolif
< N - .
©
z . NN
o |y *
° . 3 ; DGD
. o v ~
. o )
0 O. longissima™ Vo-v-» e e g " D" o
&7 3. cf. dichotoma sp.3 o o Same
* D. cf. dichotoma sp.4
=
=
& -
2 -
& oP
DHVe fivia PC1(32.33%) Héc PC1(46.12%)  PGMe
T T T
2 21 0 1 21 0 i 2 3
oGonothyraea loveni e Obelia bidentata ®QObelia geniculata
xHartlaubella gelatinosa vObelia cf. dichotoma sp.1 *Obelia longissima
oLaomedea angulata oObelia cf. dichotoma sp.2 ®Obelia sp.1
alaomedea calceolifera OObelia cf. dichotoma sp.3 +Obeliida indet.
oLaomedea flexuosa aObelia cf. dichotoma sp.4

Figure 7. Distance biplots of the Principal Component Analysis (PCA) comprising data for the family Obeliidae. A, first
and second principal components (PCs) of the PCA with the complete dataset; B, first and second PCs of the PCA with the
complete dataset, excluding measurements related to second-order branches of erect colonies (NIB, DIB, AIB, LIB, PIB); C,
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component. Abbreviations of morphometric variables as in Table 1, and those in bold indicate measurements that were
correlated with each principal component (Pearson correlation >0.7 and <-0.7).
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thickness, when Laomedea and Obelia are compared
(Fig. 8A). For the remaining genera, perisarc thickness
does not notably contribute to the differentiation of
the species, because of its extensive overlap (Fig. 8A).
Measurements of diameter (DHMa, DHMe, DHB, DBC,
DP) explain another direction of variation of the data,
and mainly differentiate L. flexuosa Alder, 1857 from
the remaining Obeliidae by its broader hydrothecae
(Figs 7A, B, D, 8B). Species of Laomedea also show a
wide range of variation and overlap in pedicel length
(LP; Fig. 8C), but their pedicels are on average longer
than in Obelia.

Obelia longissima (Pallas, 1766) is distinguished
from the remaining Obeliidae by its larger
measurements of first- and second-order branches
(LIS, DIS, NIS, LIB, DIB, NIB; Fig. 7TA-C). It also has
a wider range of variation in the hydrothecal length
compared to the remaining species, and it cannot be
distinguished based on this character because of the
extensive overlap with other species (Fig. 8D). Erect
and branched colonies also differentiate Gonothyraea
loveni (Allman, 1859) and Hartlaubella gelatinosa
(Pallas, 1766), although to a lesser extent; this pattern
is clearly observed when Obelia is excluded from
the analysis (Fig. 7D). These species, together with

25 4 AG(D'

O. bidentata Clark, 1875 and Obelia sp.1, also differ
from the remaining Obeliidae in their more cylindrical
hydrothecae (higher values of HRatio) and taller
hydrothecal cusps (Figs 7B-D, 8E, F). The exception is
Obeliida indet., which has the tallest hydrothecal cusps
compared to all other species (Fig. 8F). In general,
Obeliida indet. has similar morphometric patterns to
O. longissima, mostly related to the presence of erect
colonies and hydrothecal length (Fig. 7B, D). The
hydrotheca is typically longer in Obeliida indet., but
morphological variation attenuates this difference
(Fig. 8D).

It is evident from most of the analyses that
lineages of Obelia cf. dichotoma (Linnaeus, 1758)
are not distinguished from each other by any of the
measurements, showing intermediate values for all
characters evaluated (Fig. 7TA-C, E). Many specimens
of O. longissima cannot be distinguished from the
lineages of O. cf. dichotoma, and although some are
differentiated by their larger erect and branched
colonies, variations in these characters prevent a
clear separation of these species (Fig. 9A). Obelia
longissima also has longer hydrothecae and taller
hydrothecal cusps on average, but their range of
variation overlap among species (Fig. 9B, D). Obelia cf.
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Figure 8. Mean + standard deviation of morphometric data for Obeliidae. Data for the genus Obelia comprises all
species included in this study, except O. geniculata. A, maximum hydrothecal perisarc thickness at margin (PHMa, pm);
B, maximum hydrothecal diameter at margin (DHMa, um); C, length of pedicel (LP, um); D, length of the hydrotheca
(LH, um); E, length:diameter ratio of the hydrotheca (HRatio); F, maximum height of hydrothecal cusps (HCMax, um).

Brackets = [number of specimens/colonies measured].
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dichotoma sp.3 and O. cf. dichotoma sp.4 are grouped
together and slightly separated from the remaining
species of Obelia, probably because of their smaller
and less branched colonies, but no further patterns of
differentiation are seen among these lineages (Fig. TE).
Indeed, when compared to literature descriptions, the
size and branching of colonies seem to be among the
few characters that could fairly differentiate some of
the lineages of O. cf. dichotoma, which are similar to
the descriptions of other nominal species (Supporting
Information, Table S6).

Characters related to the gonothecae do not
differentiate the species of Obelia, but species of
Laomedea can be distinguished by their larger
gonothecae (LG, DGD, DGMe, DGB, DGP; Fig. 7F).
Additional PCAs do not show further patterns
of differentiation among Obeliidae (Supporting
Information, Fig. S4).

DISCUSSION

At first glance, morphometric patterns in the suborder
Proboscoida are not discriminative, and most species
would be indistinguishable. Indeed, several characters
that have been historically considered as variable (e.g.

g0 A

colony size, perisarc thickness, height of hydrothecal
cusps; Ralph, 1956; Cornelius, 1975, 1982; Millard,
1975) were corroborated as such in our current analysis,
especially when different populations are included
[see Campanularia volubilis (Linnaeus, 1758); Fig. 3].
However, we also demonstrate the existence of
consistent morphological patterns when characters
are investigated at different levels of comparison
and their range of variation is fully considered in the
analysis. Below, we discuss the main morphometric
patterns observed, and how they can be informative
for delimiting lineages within Proboscoida.

SI1ZE DIFFERENCES IN CAMPANULARIIDAE

In Campanulariidae, the length and diameter of
the trophosome, pedicels and hydrothecae can
reliably distinguish Bonneviella, R. verticillatus and
T. tulipifera from genera Campanularia, Orthopyxis
and Silicularia, which in turn can be characterized
by differences in perisarc thickness. Indeed, several
species of Bonneviella were originally assigned to
Campanularia and distinguished by their ‘enormous’
size or ‘immense’ hydrothecae (as Campanularia
grandis in Allman, 1876; as C. regia in Nutting, 1901).
Later, the pre-oral cavity on the hypostome of these
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Figure 9. Mean + standard deviation of morphometric data for the lineages identified as Obelia cf. dichotoma. A, total
length of the trophosome (TLT, mm); B, length of the hydrotheca (LH, pm); C, length:diameter ratio of the hydrotheca
(HRatio); D, maximum height of hydrothecal cusps (HCMax, pm). Brackets = [number of specimens/colonies measured].
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species was considered the main diagnostic character of
the group (Bonneviellidae, Broch, 1909; Nutting, 1915).
Tulpa tulipifera and Rhizocaulus verticillatus were also
originally assigned to Campanularia (Linnaeus, 1758;
Allman, 1888) and subsequently defined as separate
genera based on differences in hydrothecal size and
shape, and the presence of polysiphonic colonies,
respectively (Stechow, 1920, 1921). However, the
generic value of these characters has been questioned
by some authors, especially given the similarities in the
hydrothecae and gonothecae between Campanularia
volubilis and R. verticillatus (Rees & Thursfield,
1965; Boero et al., 1996; but see Cornelius, 1982:
57, 1999). The phylogenetic relationships of these
species support their separation (Cunha et al., 2017),
and our current analysis confirms that they differ
consistently in size, which should also be considered
in their delimitation. Tulpa tulipifera, in addition
to size, can be differentiated from Campanularia
species by the absence of a subhydrothecal spherule
(Vervoort, 1972; El Beshbeeshy & Jarms, 2011).
However, conclusions as to whether these differences
should be considered at the genus or species level
must rely on future taxonomic decisions regarding
the genus Campanularia, especially because it is not
monophyletic (see the next section “Trends in perisarc
thickness and size/shape of Hydrothecae’ for further
discussion).

Because of the considerable interspecific variation
in Bonneviella, differences in size may also be
informative for delimiting the species examined in this
study. As pointed out by Nutting (1915), Bonneviella
regia can be differentiated from B. grandis by the
shape of their gonothecae and the noticeably smaller
hydrothecae of B. regia (Supporting Information,
Table S2). Bonneviella superba has the largest
hydrothecae among Bonneviella species, while
hydrothecae in Bonneviella ingens are intermediate
in size, but considerably different in shape from those
of B. superba (Nutting, 1915; Naumov, 1969). The
morphometric patterns of the type material supports
the hypothesis that the vouchers of Bonneviella sp.
(USNM 1106182 and 1108187; Govindarajan et al.,
2006) are close to B. superba and B. ingens, respectively
(Supporting Information, Table S2). However, this is a
tentative identification, because both materials lack
reproductive structures. Also, intraspecific variation
in Bonneviella was not investigated because of the
small number of specimens studied (B. regia: N = 3,
B. superba and B. ingens: N = 1), making it difficult
to determine whether the range of variation of these
characters could overlap among the species examined.

The clade comprising Bonneviella, C. volubilis
and R. verticillatus may represent a local radiation,
and it is necessary to examine additional material
from other localities (Govindarajan et al., 2006).

Although C. volubilis is not differentiated from other
Campanularia species based on characters related
to size, both R. verticillatus and Bonneviella are
characterized by theirlargersize (Fig.1A,D)andall their
records come from the Aleutian Islands (Supporting
Information, Table S1). Rhizocaulus verticillatus was
originally recorded from Cumberland, England, UK
(Cornelius, 1981, 1982) and is known for its arctic—
boreal distribution (Antsulevich, 1992; Calder, 2003;
Schuchert, 2001; Stepanjants et al., 2006; Ronowicz,
2007). Species of Bonneviella were originally (and have
been subsequently) recorded in arctic and subarctic
regions (type localities for B. grandis, B. ingens,
B. regia and B. superba are Prince William Sound,
Tsugaru Strait, Simushir Island and the Bering Sea,
respectively; Nutting, 1901, 1915; Broch, 1910; Kramp,
1913; Naumov, 1969; Yamada, 1969; Schuchert, 2001).
Even though these genera have a close phylogenetic
relationship (Govindarajan et al., 2006; Cunha
et al., 2017), their large size may be related to their
occurrence in colder waters, a relationship previously
described for other species of Proboscoida [e.g. Obelia
geniculata, Orthopyxis integra, Silicularia bilabiata
(Coughtrey, 1875); Ralph & Thomson, 1968; Ralph,
1957; Naumov, 1969]. The same is seen in T. tulipifera,
which was originally recorded from Heard Island in
Antarctica (Allman, 1888; Stechow, 1921) and has a
Kerguelen—Patagonian distribution (Pena Cantero &
Garcia Carrascosa, 1999; Soto Angel & Peria Cantero,
2015), indicating that its larger size is probably a case
of convergence. Nevertheless, further comparisons
with additional material from different populations
are essential to evaluate the intraspecific range of
variation of these characters and their relationship to
the species geographic distribution.

TRENDS IN PERISARC THICKNESS AND SIZE/SHAPE OF
HYDROTHECAE

Our results show that perisarc thickness is among
the most variable of characters (e.g. Millard, 1975;
Cornelius, 1982, 1995; Cunha et al., 2015), but yet most
informative for delimiting Campanularia, Orthopyxis
and Silicularia. Besides the unique bilaterally
symmetrical hydrothecae of Silicularia, a conspicuous
character for delimiting the genus (Ralph, 1956, 1957;
Blanco, 1967), S. rosea can also be delimited by the
comparatively thicker perisarc of its hydrothecae and
pedicels. Silicularia rosea is widely distributed in
antarctic and subantarctic waters, and was considered
synonymous with S. bilabiata (Vervoort & Watson,
2003), a species shown by Ralph (1956, 1957) to have
wide intraspecific variation and to comprise of several
nominal species in Silicularia. A previous molecular
analysis of nuclear and mitochondrial genes showed
that specimens of S. rosea from Argentina and New
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Zealand were closely related (Cunha et al. 2017),
and we found similar morphological patterns among
these specimens (Fig. 1). All these lines of evidence
indicate that S. rosea is a widely distributed species,
although Galea et al. (2014) recently assigned previous
records of S. rosea from Chile (Galea et al., 2009) and
Tristan da Cunha (Galea, 2010) to S. bilabiata and
S. hemisphaerica (Allman, 1888), respectively. All
specimens we studied have an oblique hydrothecal
aperture (Fig. 2D), as is typical of S. rosea (Vervoort &
Watson, 2003; Galea et al., 2014), but the hydrothecae
of specimens from New Zealand were smaller
(398.5 um on average) than in Argentinean specimens
(790.4 pm). These differences are similar to those
reported by Galea et al. (2014; = length raised wall) for
S. rosea and S. hemisphaerica. However, considering
the absence of gonothecae in specimens from New
Zealand and their close phylogenetic relationship
with specimens from Argentina, which could indicate
intraspecific variations, it is essential to evaluate
additional material to corroborate these proposals.

Campanularia,on the other hand, was not found to be
monophyletic in previous molecular analyses (Cunha
et al., 2017). Campanularia volubilis (type locality:
Brighton, England; Cornelius, 1981, 1982) is the type
species of the genus (Cornelius, 1981b; ICZN, 1985),
but the clade comprising this species is hypothesized
to represent a local radiation (Govindarajan et al.,
2006), as discussed above. In addition, the specimens
included in the phylogenetic analysis come from
Monterey, California, USA (Govindarajan et al.,
2006; Cunha et al., 2017), and can not be assumed
to represent the type species. For this reason, we
refrain from making a taxonomic decision regarding
Campanularia until more, and unequivocal, material
of the type species from the type locality is available.
Presently, a possible conclusion derived from our results
would be to merge Bonneviella and Rhizocaulus with
Campanularia, but this decision is contra-indicated
by several morphological differences between these
genera. Although not monophyletic, all species of
Campanularia have similar morphological patterns,
and most of their similarities could be considered
symplesiomorphic character states. Also, differences
in size of the hydrothecae between C. hincksii and
C. volubilis can be masked by intraspecific variation
(see: Cornelius, 1982, 1995), especially when different
populations are evaluated (Fig. 3). Species included
in this study can only be reliably delimited by their
gonothecae (Millard, 1971, 1975; Cornelius, 1982,
1995), although the height of the hydrothecal cusps in
C. hincksii might also be distinctive.

Orthopyxis is a monophyletic genus (Cunha et al.,
2017) and, despite several past taxonomic disputes
as to whether it should be considered a synonym of
Campanularia (Millard, 1975; Cornelius, 1982, 1995;

Hirohito, 1995; Bouillon et al., 2004), Orthopyxis was
accepted mainly based on the gonophore producing a
reduced medusa (medusoid; Agassiz, 1862; Cornelius,
1995). Our analysis shows that Orthopyxis could
also be distinguished from Campanularia based on
trophosomal characters, such as perisarc thickness
and length:diameter ratio of hydrothecae. However,
Campanularia may fall within the range of variation
of O. sargassicola and O. crenata, because the perisarcs
in these two Orthopyxis species vary from thin to
thick, and their hydrothecae from campanulate to
cylindrical (Vervoort & Watson, 2003; Cunha et al.,
2015, 2016). Campanularia and Orthopyxis can be
reliably delimited based on these characters if their
ranges of variation are evaluated, especially when
there is overlap between the different species.

Indeed, variation in O. crenata is conspicuous. In
molecular phylogenies, specimens of O. crenata from
New Zealand clustered with unidentified Orthopyxis
specimens from Argentina [see 16S and COI
phylogenies in Cunha et al. (2017)]. This clade forms a
monophyletic group with specimens of O. crenata from
Brazil [see concatenated phylogenies in Cunha et al.
(2017)]. Our results show that, despite their affinities,
specimens from New Zealand and Argentina show
clear differences in the perisarc thickness (Fig. 4A),
and size and shape of the hydrothecae in comparison
with O. crenata from Brazil. However, the close
phylogenetic relationship with O. crenata from New
Zealand, the type locality of the species (Hartlaub,
1901; Vervoort & Watson, 2003), leeds us to consider
these morphological differences as intraspecific
variations, also because they are commonly reported
for this species (Ralph, 1957; Millard, 1975; Cornelius,
1982; Vervoort & Watson, 2003; Galea et al., 2009).
However, this decision may be challenged in the future,
when additional evidence from morphology, ecology
and genetics/genomics becomes available.

Distinct lineages of Orthopyxis with the traditional
morphological diagnostic characters of O. integra
were shown to be delimited by the degree of perisarc
thickening and the size and shape of the hydrothecae
(Cunha et al., 2015). Our results corroborate these
patterns and further attest that the clade comprising
the specimen of O. integra from the Aleutian Islands
(‘Orthopyxis integra_1_USA’, USNM 1106184; see:
Cunha et al., 2017 and Supporting Information, Table
S1) with spirally grooved gonothecae (Fig. 10A) has
morphological patterns that are commonly regarded
as distinctive for O. integra, such as larger and more
cylindrical hydrothecae (Nutting, 1915; Bale, 1934;
Hirohito, 1995; Calder et al., 2014). Although we cannot
verify the presence of spirally grooved gonothecae in
Argentinean specimens (‘Campanulariidae sp. indet.’
and ‘O. integra_PT20’; see Supporting Information,
Table S1), they are here regarded as O. integra
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Figure 10. A, Orthopyxis integra_1_USA (USNM
1106184), with gonothecae; B, Orthopyxis asymmetrica
(EL02_SLV); C, Obelia cf. dichotoma sp.3 (PAF07_BRA),
with detail of hydrotheca; D, Obelia cf. dichotoma sp.4
(Site 1.1_USA), with detail of hydrotheca. Scales: A,
F =500 um; B, D (gonotheca) = 300 um; C, D (trophosome),
C (colony), E = 200 pm; C, D (hydrotheca) = 100 pm; D
(colony) = 1 mm. For specimens and codes see Supporting
Information, Table S1.

given their morphological and phylogenetic patterns
(Table 2), contradicting the hypothesis that this
species does not occur in the south-western Atlantic
(Cunha et al., 2015). Also, perisarc thickness can be
variable in O. integra, showing extensive overlap with
O. caliculata (Fig. 4B).

In addition to O. integra, our analysis also shows that
Mediterranean specimens identified as O. integra_IT,
O. everta and Orthopyxis sp.1 by Govindarajan et al.
(2006) and Cunha et al., (2017), and that form a clade
in the molecular phylogeny of the group (Cunha
et al., 2017), have similar morphological patterns and
can be delimited by their shorter hydrothecae and
thinner perisarc, in comparison to other Orthopyxis
species (Figs 1F, 10B). Although their perisarc is not
as thick as described by Stechow (1919), we believe

that these specimens should be assigned to Orthopyxis
asymmetrica, a species commonly reported in the
Mediterranean (Piraino & Morri, 1990; Peria Cantero
& Garcia Carrascosa, 2002; Bouillon et al., 2004). Even
though this species was proposed to be a synonym of
O. integra (e.g. Cornelius, 1982; Ostman et al., 1987),
our findings support O. asymmetrica as a distinct
species (see Table 2 for re-identifications).

MORPHOMETRIC PATTERNS IN THE DELIMITATION OF
CLYTIA SPECIES

With some exceptions, several species of Clytia
have morphometric differences congruent with
their phylogenetic patterns (Cunha et al., 2017).
Clytia linearis, for instance, is monophyletic in all
phylogenetic analyses (Cunha et al., 2017), with
consistent morphometric patterns shared by the
specimens, corroborating it as a widely distributed
species (Rees & Vervoort, 1987; Medel & Vervoort,
2000). Classically, C. linearis is distinguished by the
hydrothecal inward folds (cf. Calder, 1991; Lindner &
Migotto, 2002; Schuchert, 2003). However, this species
can also be differentiated from other members of Clytia
by its erect colonies and the size of the hydrothecae,
even though its ‘deep’ hydrothecae, frequently
mentioned in descriptions, are also commonly reported
as variable in size (e.g. Cornelius, 1982; Altuna, 1994).
Our analyses show that the range of intraspecific
variation of the size of the hydrothecae in C. linearis
does not overlap with those of other species (Fig. 6A),
and this character can be useful to delimit the species.

Clytia elsaeoswaldae was also shown to be a distinct
clade (Lindner et al., 2011; Cunha et al., 2017). It is
differentiated from C. gracilis and C. hemisphaerica by
its occasional polysiphonic colonies, inclined hydrothecal
cusps and smooth gonothecae growing exclusively on
the hydrorhiza of the polyps, and by its smaller medusae
(Lindner et al., 2011). The morphometric patterns of
C. elsaeoswaldae shown in this study further support
its delimitation, since it can be differentiated from
species of C. cf. gracilis and, to a lesser extent, C. cf.
hemisphaerica by its hydrothecal diameter (Fig. 6C). The
rounded basal portion of the hydrothecae (cf. Lindner
et al.,2011) seems to be another distinctive character of
the species, probably related to its broader hydrothecae.
However, some specimens of C. cf. hemisphaerica fall
into its range of variation (Fig. 6C).

Clytia noliformis has been confounded with
C. hemisphaerica, but it was considered distinct from
the latter by several authors (e.g. Ostman et al., 1987;
Calder, 1991; Lindner & Calder, 2000). The shape of
the hydrothecae and gonothecae, as well as the distinct
annulations (= subhydrothecal spherules) and the
presence of merotrichous isorhizae (a unique type
of nematocyst), differentiate C. noliformis from its
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congeners (Calder, 1991; Linder & Migotto, 2001, 2002).
We found that the perisarc thickness, a character rarely
described in the literature (but see: Calder, 1991), can
also be used to delimit this species (Fig. 6E).

Similarly, Clytia paulensis is regarded as distinctive
because of the shape of its hydrothecal cusps (Millard,
1975; Cornelius, 1982, 1995), but we note that the
species also has a more cylindrical hydrotheca in
comparison with some other members of Clytia
(HRatio; Fig. 6F). The length:diameter ratio of the
hydrothecae of C. paulensis is known to be variable,
ranging from 1.5 to 4.0 in different populations
(Millard, 1966; Cornelius, 1982). Because we were able
to study the intracolony variation of only one specimen
of C. paulensis, this character should be considered
with caution for the delimitation of the species.

Molecular analyses of C. gracilis resulted in several
cryptic lineages in previous studies (Govindarajan
et al., 2006; Lindner et al., 2011; Cunha et al.,
2017). The polyp of C. gracilis is distinguished
from C. hemisphaerica mainly by the inclined and
pointed triangular cusps and the smooth gonothecae,
contrasting with the non-inclined, rounded cusps and
the spirally ribbed gonothecae in C. hemisphaerica
(Calder, 1991; Cornelius, 1995). However, we found
that the height, number and shape of the hydrothecal
cusps vary within the different lineages of C. gracilis,
as do the hydrothecal length and length:diameter ratio
(Figs 2E—G, 11). The same variation was found among
specimens of C. gracilis described in the literature
from presumably different populations (Vervoort,
1959; Calder, 1991; Cornelius, 1995; Schuchert, 2001;
Penia Cantero & Garcia Carrascosa, 2002), and the
lineages analysed herein could fit into one or more
of these descriptions (Supporting Information, Table
S4). This emphasizes the difficulties in correlating the
morphometric patterns of these lineages with the type
of C. gracilis, especially considering that its original
description was based on two species, currently
C. gracilis and Gonothyraea loveni (Sars, 1850, 1857,
cf. Cornelius, 1982; Cornelius & Ostman, 1986; Calder,
1991). Although a lectotype of C. gracilis was designated
by Cornelius (1982: 94), it was based on the original
illustration provided by Sars (1857), and information
on its diagnostic characters remains subjective and
incomplete. For a proper delimitation of the type
species, it is essential to obtain specimens of C. gracilis
from one of the type localities (Lofoten or Finnmark,
Norway; Sars, 1850, 1857; Calder, 1991) and correlate
their phylogenetic (molecular) and morphometric
patterns to the cryptic lineages. The delimitation of
a neotype would also be beneficial, since the type
series seems to be based on original illustrations (cf.
Cornelius, 1982; Cornelius & Ostman, 1986).

Clytia hemisphaerica also comprises several
cryptic lineages (Cunha et al., 2017). We were

unable to differentiate these by their morphometric
patterns (Supporting Information, Fig. S4), although
all lineages have diagnostic characters that are
generally attributed to polyps of C. hemisphaerica
(Fig. 2H, I; Calder, 1991; Cornelius, 1995). They also
fit into one or more published descriptions, impeding
the delimitation and identification of characters
from the type of C. hemisphaerica (Supporting
Information, Table S5), which was recorded from
‘Belgian seas’ (cf. Linnaeus, 1767; Cornelius, 1982).
The three lineages of C. hemisphaerica analysed in
this study are geographically structured, comprising
specimens from Belize, the United States and the
Mediterranean/North Sea, and forming a clade in most
of the concatenated phylogenies (Cunha et al., 2017;
Supporting Information, Table S1). These results raise
doubts as to whether C. hemisphaerica should indeed
be considered a species complex, or a species with
pronounced population subdivisions (see: Schuchert,
2014; Postaire et al., 2017b).

Recently, two new species of Clytia were described from
China, together with information on their life cycles and
nematocysts (Zhou et al., 2013; He et al., 2015). Clytia
xiamenensis Zhou et al., 2013 was shown to be closely
related to C. hemisphaerica,also clustering with specimens
of C. cf. gracilis sp.A from the USA (Lindner et al., 2011;
Zhou et al., 2013). This pattern was corroborated by
Cunha et al. (2017), although in their study additional
specimens of C. hemisphaerica from the USA clustered
with C. xiamenensis [see 16S phylogenies in Cunha
et al. (2017)]. Originally, the hydroid of C. xiamenensis
was differentiated from C. hemisphaerica by its pointed
and inclined hydrothecal cups, and its smaller B-type
microbasic mastigophores (Zhou et al., 2013). However,
we show that specimens of C. hemisphaerica from the
same clade (C. cf. hemisphaerica sp.1; see Supporting
Information, Table S1) do not have inclined hydrothecal
cusps (Fig. 2H), even though their cusps are not as
rounded as those of C. cf. hemisphaerica sp.2 (compare
with Fig. 2I). Indeed, inclined cusps can be variable
in some species (e.g. C. gracilis), and the definition of
the shape of hydrothecal cusps does not seem reliable
for differentiating between C. hemisphaerica and
C. xiamenensis. We lack information on the nematocysts
and life cycle of these specimens, which may support the
separation of the species, as suggested by Zhou et al. (2013).
However, it is important that the diagnostic characters of
the type of C. hemisphaerica are clearly defined before the
two species can be confidently differentiated. This would
involve the analysis of specimens of C. hemisphaerica
from the type locality, and the comparison of their
phylogenetic and morphometric patterns, as well as life
cycle and nematocysts, with those of the clade comprising
C. xiamenensis. If this clade indeed proves to be distinct
from the other lineages, then specimens from the USA
should be assigned to C. xiamenensis.
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Similarly, Clytia gulangensis He & Zheng,
2015 (He et al., 2015) clustered with specimens of
C. gracilis from Brazil (C. cf. gracilis sp.5; Supporting
Information, Table S1) in the phylogenetic analysis of
Cunha et al. (2017). Brazilian specimens do not have
all the diagnostic characters of C. gulangensis, at least
in the polyp stage, because some specimens have non-
inclined hydrothecal cusps and smaller hydrothecae,
with a length:diameter ratio near 2 (Supporting
Information, Table S4; Fig. 2E-G). In fact, the shape
of the hydrothecal cusps shows broad variation among
the different Brazilian specimens (Fig. 11). He et al.
(2015) differentiated the polyp of C. gracilis from
C. gulangensis based on the presence of asymmetric
and inclined cusps (tilted, cf. Schuchert, 2003) in
C. gracilis. However, some Brazilian specimens
clustering with C. gulangensis had asymmetric
and inclined cusps (Fig. 11B, C, E). Therefore, we
conclude that the polyps of C. gulangensis cannot be
confidently delimited from those of C. gracilis until
the diagnostic characters of C. gracilis (Sars, 1850)

A B
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Figure 11. Variation in the shape of hydrothecal cusps of
Clytia cf. gracilis sp.5. A, B, specimens from Fortaleza, Brazil
(CE2_BRA, CE5_BRA); C, D, specimens from Cascavel,
Brazil (CE1_BRA, CE3_BRA); E, F, specimens from Sao
Luis do Maranhéo, Brazil (MAPO1_BRA, MAP11_BRA); G,
specimen from Trairi, Brazil (T1_BRA); H, specimen from
Salinépolis, Brazil (PAF03_BRA). Scale: 100 pm.

are reliably determined. Nevertheless, information
on the nematocysts and life cycle is still lacking for
Brazilian specimens, and these characters may prove
to be distinctive for C. gulangensis (cf. He et al., 2015).

SIZE AND PERISARC THICKNESS DIFFERENCES IN
OBELIIDAE

One of the main variations found among species of
Obeliidae was related to perisarc thickness, setting
apart O. geniculata from all its congeners, as well
as the remaining Obeliidae. Indeed, O. geniculata
is a relatively easy species to identify because of
its characteristic asymmetrical thickening of the
internodes (Cornelius, 1975, 1990, 1995; Schuchert,
2001; Calder, 2012). Our study shows that the range of
variation of perisarc thickness in O. geniculata is the
widest among the Obeliidae (Fig. 8A), corroborating
several literature descriptions that reported colonies
with thin to strongly thickened perisarc (e.g. Millard,
1975; Migotto, 1996; Vervoort & Watson, 2003; Calder,
2013). Although O. geniculata has been suggested to
represent a complex of cryptic species (Govindarajan
et al., 2005), molecular phylogenies, including
mitochondrial and nuclear markers, supported its
monophyly (Govindarajan et al., 2006; Cunha et al.,
2017), showing low intraspecific distances when
compared to other species of Obelia (see: Cunha
et al., 2017). Similarly, our study corroborates the
perisarc thickness as its distinctive character, and
the nematocysts were also shown to be diagnostic
(Ostman, 1982a, 1999). These results indicate that
there is currently little support for the delimitation
of distinct species within its molecular lineages, and
O. geniculata could be considered a widely distributed
species.

Laomedea flexuosa was differentiated from the
remaining members of Obeliidae by the diameter
of its hydrothecae and pedicels (Fig. 8B). Indeed,
this species is frequently described with a robust
hydrotheca, having its length nearly equal to its
width (Cornelius, 1982, 1995). Laomedea flexuosa was
also distinguished from other members of Obeliidae
by its isoenzyme patterns and nematocysts, further
supporting its delimitation (Ostman, 1982a, b).
Laomedea angulata Hincks, 1861 and L. calceolifera
(Hincks, 1861) on the other hand, do not show clear
patterns of differentiation, except for the shape
and position of their gonothecae, probably the most
conspicuous character for their delimitation (cf.
Cornelius, 1982). All species of Laomedea included
in our analysis can be confidently distinguished from
Obelia based on their longer pedicels (Fig. 8C), even
though the genus did not prove to be monophyletic in
previous molecular phylogenies (Govindarajan et al.,
2006; Cunha et al., 2017). Because L. flexuosa is the
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type species of the genus Laomedea (Cornelius, 1981b;
ICZN, 1985), the best decision at present would be to
assign L. calceolifera and L. angulata to Obelia, if the
clade comprising all these species (Cunha et al., 2017)
contains the type species O. dichotoma [taken as
conspecific with O. spherulina Péron & Lesueur, 1810,
the type species of Obelia (Cornelius, 1975, 1982)].
However, this action is presently premature, because
there is no sequence of O. dichotoma from its type
locality (south-western England; Cornelius, 1975),
and the delimitation of this species is unclear (see
section ‘Morphometric Patterns of Obelia dichotoma
and Obelia longissima’).

ERECT COLONIES AND DIFFERENCES IN SHAPE AND
NUMBER OF HYDROTHECAL CUSPS

The species G. loveni, H. gelatinosa and Obelia
longissima, the last to a greater extent, are
separated from the remaining Obeliidae by their
typically erect, branched colonies (Cornelius,
1982, 1990, 1995). Hartlaubella Poche, 1914 is
distinguished from Obelia by its fixed gonophores
(free medusa in Obelia; Cornelius, 1990; Boero et al.,
1996; Stepanjants, 1998), and H. gelatinosa can also
be differentiated by its paired branches that are
successively arranged at right angles on opposite
sides of the polysiphonic main stem (Cornelius,
1995). However, this feature is also present in large
colonies of O. bidentata (Cornelius, 1995), which
has contributed to some confusion in the past
(Cornelius, 1982, 1990). Hartlaubella gelatinosa and
G. loveni can be differentiated from O. bidentata by
the shape and number of cusps, which are taller
and more numerous in the latter (Fig. 8F). Obelia
bidentata also has a more cylindrical hydrotheca
than H. gelatinosa and G. loveni (Fig. 8E).

Obelia bidentata is assumed to have broad
intraspecific variation, particularly in erect colonies,
which vary from small and monosiphonic to large
and polysiphonic; and in the shape of the hydrothecal
cusps, with deep or shallow embayments (Cornelius,
1975, 1982, 1990, 1995; Millard, 1975; Mammen, 1965;
Calder, 1991). This variation led to some dispute on
the validity of several nominal species that have been
frequently synonymized with O. bidentata, basically
due to misinterpretation of intra- or interspecific
variations (e.g. Obelia austrogeorgiae Jaderholm,
1904, O. longicyatha Allman, 1877; Cornelius, 1975,
1982; Calder, 1991). Calder (2013) recently regarded
O. oxydentata Stechow, 1914 as a valid species based
on the smaller size of the monosiphonic colonies from
the tropical and subtropical western Atlantic (<1 cm
high). In our study, we found that small (0.3-1.0 cm
high) monosiphonic colonies and large (>6 ¢cm high)
polysiphonic colonies (USNM 1106185, from the North

Sea) are related in nearly all topologies analysed
in previous molecular studies (Govindarajan et al.,
2006; Cunha et al., 2017), partially contradicting the
idea that these variations could indicate interspecific
differences (see: Calder, 2017). However, as pointed
out by Cunha et al. (2017), O. bidentata exhibits
intraspecific genetic distances that are comparable
to interspecific distances in other clades, and this
could be evidence of either extensive population
differentiation or the occurrence of a species complex
(as in C. hemisphaerica, see above).

Obeliida indet. was ambiguously positioned at
the base of Obeliidae and Clytiidae plus Obeliidae
in the phylogenetic analysis of Cunha et al. (2017)
(also see Fig. 12). In that study, this species was
tentatively assigned to Clytia stolonifera Blackburn,
1938. We show that it can be differenciated
from the remaining Obeliidae by its longer
hydrothecae and taller hydrothecal cusps (Table 2).
However, the inclusion and comparison of more
specimens is necessary to confirm this identification
and ascertain if this species should be considered in
the genus Clytia or Obelia.

MORPHOMETRIC PATTERNS OF OBELIA DICHOTOMA
AND OBELIA LONGISSIMA

Differences in size, branching patterns, tanning of
the main stem and the shapes of the hydrothecae
and hydrothecal rim have long been used to
distinguish Obelia dichotoma and O. longissima
(Alder, 1857; Hincks, 1868; Nutting, 1915; Kramp,
1935). Currently, besides the differences in their
nematocysts (Ostman, 1982a), O. longissima
is characterized by having predominantly
monosiphonic colonies with usually longer stems
and branches roughly uniform in length, and a
dark and flexuous main stem. Obelia dichotoma,
on the other hand, has polysiphonic stems in older
colonies, with branches often nearly as long as the
main stem, giving the colony a bushy appearance
(Ostman, 1987; Cornelius, 1990, 1995; Schuchert,
2001; Calder, 2012). Additionally, the hydrotheca
in O. dichotoma is often polygonal in cross-section,
with an even to crenate rim; while the hydrotheca
in O. longissima is round with the rim castellate to
sinuous (Cornelius, 1990, 1995). The hydrothecal
diaphragm varies from transverse to oblique in both
species (Cornelius, 1990, 1995). Previous molecular
studies showed that O. dichotoma comprises
several cryptic lineages (Cunha et al., 2017), and
O. longissima was corroborated as a monophyletic
and widely distributed species (Govindarajan et al.,
2006; Cunha et al., 2017). Our results reveal that
some characters support the separation of the
species (Supporting Information, Table S6), viz. (1)
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Figure 12. Phylogenetic hypothesis of Proboscoida based on the Maximum Likelihood phylogeny of Cunha et al. (2017: fig. 2
therein), including the re-identifications proposed in this study. Branches in grey indicate lineages not analysed in this study.
Specimens’ codes (also see Supporting Information, Table S1): Campanulariidae — 1, Campanularia hincksii (IT); 2, C. volubilis
(USNM 29217); 3, Bonneuviella regia; 4, Silicularia rosea (PT11); 5, Tulpa tulipifera (PT18); 6, Orthopyxis sargassicola (PTY1);
7, O. caliculata (PAB3); 8, O. asymmetrica (EL04); Clytiidae — 1, Clytia hummelincki (CBC42); 2, C. cf. gracilis sp.4 (CBC20); 3,
C. noliformis (SP3); 4, Clytia sp.1 (IT13); 5, C. linearis (PY10); 6, C. cf. hemisphaerica sp.2 (EL06); 7, C. elsaecoswaldae (Me26); 8, C. cf.
gracilis sp.5 (PAF03); Obeliidae — 1, Obelia bidentata (MARO02); 2, O. cf. dichotoma sp.4 (UR6); 3, Hartlaubella gelatinosa (PT16); 4,
Gonothyraea loveni (SWMO03); 5, Laomedea calceolifera (ROWO03); 6, Obelia geniculata (UNHO1); 7, O. cf. dichotoma sp.2 (MMAO3).
Outlines not to scale.
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size of the colony, with O. longissima usually larger
than species of O. cf. dichotoma, although some
lineages of the latter exceeded the former in the
number of branches; (2) length of internodes, longer
on average in O. longissima but with some overlap
with lineages of O. cf. dichotoma; (3) hydrothecal
length, usually longer in O. longissima but with
some overlap with species of O. cf. dichotoma; and (4)
shape of the hydrothecal rim, varying from smooth
to crenate in all lineages of O. cf. dichotoma, and
invariably sinuous in O. longissima. Morphological
variation may obscure some of these differences, but
colonies of O. longissima can be reliably delimited
by these characters when intraspecific variation is
considered.

Contrastingly, cryptic lineages of O. cf. dichotoma
do not show morphometric differences, presenting
extensive variation and overlap in their characters
(Fig. 9). Although O. cf. dichotoma sp.3 and sp.4
could be distinguished from the remaining lineages
by their smaller and less branched colonies (Fig. 9A;
Supporting Information, Table S6), in some cases
colonies vary from unbranched to branched within
the same lineage, indicating that these characters
vary intra- and interspecifically. This also partially
contradicts the idea that the amount of branching of
the colonies could support the validation of former
synonyms of O. dichotoma (e.g. Obelia griffini
Calkins, 1899, O. hyalina Clarke, 1879; see Calder,
2013; Calder et al., 2014), although their size and the
shape of the hydrothecae are probably distinctive.
For instance, Calder (2013) showed that colonies of
O. hyalina are usually small and occur in tropical and
warm-temperate waters. We found that all specimens
of Brazilian O. cf. dichotoma are also small (~4—
11 mm) and have few branches, although some have
a slightly crenate hydrothecal rim (O. cf. dichotoma
sp.3; Fig. 10C; Supporting Information, Table S6), in
contrast to the even hydrothecal rim of O. hyalina
(Clarke, 1879; Calder, 2013). Similarly, all specimens
of O. cf. dichotoma sp.4 have rounded hydrothecae in
cross-section and an even hydrothecal rim (Fig. 10D;
Supporting Information, Table S6), in accordance
with the diagnostic characters of O. griffini, recently
revalidated by Calder et al. (2014). Although these
identifications are tentative and need further
confirmation, our results can support the revalidation
of former synonyms of O. dichotoma to accommodate
these cryptic lineages. Better knowledge of the
nematocysts of these lineages might be particularly
important for their corroboration, especially given
that I, and I -type isorhizae are diagnostic for
O. dichotoma and assumed to be invariably present
in the species (Ostman, 1982a, 1987; Cornelius,
1990).

CONCLUSIONS

Ourstudy demonstrates theusefulness of morphometric
data to delimit species in Proboscoida. We show that
morphometric characters related to size, perisarc
thickness, shape of hydrothecae and hydrothecal
cusps may contribute to the delimitation of several
species, although in some cases (e.g. Campanularia
spp., Clytia gracilis, Clytia hemisphaerica, Laomedea
spp. and Obelia dichotoma), morphometric differences
are masked by intraspecific variation (see summary in
Table 2 and phylogenetic hypothesis with the species
re-identified in this study in Fig. 12). Considering that
our study is limited to the hydroid stage, extending this
approach to investigate characters of the medusa stage
and nematocysts is promising, and may shed light on
some of the remaining difficult cases. However, some
attention and specific procedures should be taken into
consideration for this taxonomic approach. Even though
many marine groups have wide intraspecific variation,
consistent differences in morphometric patterns may
be uncovered once this variation is comparatively
investigated. This might be difficult to persue at first,
without access to data from different populations and
morphological characters. However, this problem will
be gradually overcome once taxonomic descriptions
that include morphometric characters and their
amplitude of variation become more frequently linked
to molecular data of voucher specimens. Morphometric
characters are usually easy to obtain with the aid of
compound or stereomicroscopes and digital cameras,
and in most cases they will be more informative for the
identification if considered in conjunction with other
discrete diagnostic characters, as well as information
on genetic differentiation of populations.

Thorough investigations using morphometricdata for
voucher specimens and molecular trees, complemented
by broader inferences in population morphological and
morphometric variation, will improve delimitations of
species and, as a corollary, result in more complete and
precise taxonomic descriptions that allow for accurate
identification. This approach will directly impact our
current knowledge on Hydrozoa (as well as Medusozoa
and other marine taxa), refining our assessments of
marine species diversity.
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SUPPORTING INFORMATION

Additional Supporting Information may be found in the online version of this article at the publisher's web-site.

Figure S1. Distance biplots of the Principal Component Analysis (PCA) comprising data for Campanulariidae. A,
second and third principal components (PCs) of the PCA without the genus Orthopyxis; B, second and third PCs
of the PCA with Campanularia and Orthopyxis; C, first and second PCs of the PCA including only Orthopyxis;
D, second and third PCs of the PCA with Orthopyxis; E, second and third PCs of the PCA with Orthopyxis, but
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excluding O. sargassicola and O. crenata; F, first and second PCs of the PCA with measurements of the gonothecae.
Numbers in parentheses indicate percentages of variation explained by each principal component. Abbreviations
of morphometric variables as in Table 1, and those in bold indicate measurements that were correlated with each
principal component (Pearson correlation >0.7 and <-0.7).

Figure S2. Distance biplots of the Principal Component Analysis (PCA) comprising data for Clytiinae. A, first and
second principal components (PCs) of the PCA with the complete dataset, and without measurements related to
internodes of erect colonies (NIS, LIS, AIS, PIS, DIS, ABS); B, second and third PCs of the PCA without lineages
of Clytia cf. gracilis; C, second and third PCs of the PCA without C. cf. gracilis and measurements related to
internodes of erect colonies; D, first and second PCs of the PCA with lineages of C. cf. hemisphaerica, but without
measurements related to internodes of erect colonies; E, second and third PCs of the PCA with lineages of C. cf.
gracilis; F, first and second PCs of the PCA with measurements of the gonothecae. Numbers in parentheses indicate
percentages of variation explained by each principal component. Abbreviations of morphometric variables as in
Table 1, and those in bold indicate measurements that were correlated with each principal component (Pearson
correlation >0.7 and <—0.7).

Figure S3. Mean + standard deviation of morphometric data for species identified as Clytia cf. hemisphaerica. A,
length of the hydrotheca (LH, pm); B, length:diameter ratio of hydrotheca (HRatio, pm); C, number of hydrothecal
cusps (NC); D, maximum height of hydrothecal cusps (HCMax, ym). Brackets = [number of specimens/colonies
measured].

Figure S4. Distance biplots of the Principal Component Analysis (PCA) comprising data for Obeliidae. A, second
and third principal components (PCs) of the PCA with the complete dataset; B, second and third PCs of the PCA
with the complete dataset, but excluding measurements related to second-order branches of erect colonies (NIB,
DIB, AIB, LIB, PIB); C, second and third PCs of the PCA without species of the genus Obelia; D, second and
third PCs of the PCA with species of the genus Obelia only; E, second and third PCs of the PCA with lineages of
0. cf. dichotoma and O. longissima; F, second and third PCs of the PCA with measurements of the gonothecae.
Numbers in parentheses indicate percentages of variation explained by each principal component. Abbreviations
of morphometric variables as in Table 1, and those in bold indicate measurements that were correlated with each
principal component (Pearson correlation >0.7 and <-0.7).

Table S1. Materials analyzed in this study. The symbol * indicates materials that were reidentified in this study
(see Table 2). Specimens in bold indicate samples from which intracolony measurements were taken. Vouchers
and specimen codes are in accordance with Cunha et al. (2017), unless not included in that study. USNM, National
Museum of Natural History, Smithsonian Institution, USA; MZUSP, Museu de Zoologia da Universidade de
Séo Paulo, Brazil; ZMUC, Zoological Museum, Natural History Museum of Denmark; MHNG INVE, Muséum
d’Histoire Naturelle de Geneve, Switzerland; BMNH, Natural History Museum, United Kingdom.

Table S2. Comparison among different species of Bonneviella [mean + standard error (range)]. Specimens in
bold indicate measurements taken from type materials deposited at the National Museum of Natural History,
Smithsonian Institution. Numbers in brackets indicate total number of specimens examined. Morphometric data
for B. grandis were based on the literature. The symbol “-” indicates lack of the structure to be measured (e.g.
gonothecae, pedicel).

Table S3. Comparison among different species of Orthopyxis [mean+standard error (range)]. Specimens in
bold indicate measurements taken from type materials deposited at the National Museum of Natural History,
Smithsonian Institution (USNM), and the Natural History Museum, United Kingdom (BMNH). Number in
brackets indicate total number of specimens examined. Morphometric data for the species O. asymmetrica and
0. angulata are based on the literature. Symbol “-” indicates lack of the structure to be measured (e.g. gonotheca,
pedicel), or lack of information from the literature.

Table S4. Comparison among lineages identified as C. cf. gracilis [mean+standard error (range)] and descriptions
from the literature. Number in brackets indicates total number of specimens examined. The symbol “-” indicates
lack of the structure to be measured (e.g. gonothecae, pedicel) or lack of information from the literature.

Table S5. Comparison among lineages identified as Clytia cf. hemisphaerica [mean+standard error (range)] and
descriptions from the literature. Number in brackets indicate total number of specimens examined. The symbol “-”
indicates lack of the structure to be measured (e.g. gonothecae, pedicel) or lack of information from the literature.
Table S6. Comparison among lineages identified as Obelia cf. dichotoma and O. longissima [mean+standard
error (range)], and literature descriptions. Number in brackets indicates total number of specimens examined.
The symbol “-” indicates lack of the structure to be measured (e.g. gonothecae) or lack of information from the
literature.
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