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Abstract

Eudendrium capillaroides Schuchert, 2008 has not been reported since its original description. The new and abundant mate-
rial found in Ceuta, southern coast of the Strait of Gibraltar, allows us to refine the morphological diagnosis of this species.
Eudendrium capillaroides is characterized by small monosiphonic colonies, a dense ring at the base of the hydranth, and it
seems to have a preference for growing on other hydroids. Male gonophores on atrophied polyps, two-chambered (occasion-
ally one chamber), and female gonophores on reduced polyps in the initial stages of development but hydrants later completely
atrophied. Nematocysts are heterotrichous microbasic euryteles of two size classes, a larger size densely distributed in a band
on the hydrant body basally and a smaller size abundant mainly on the tentacles. Furthermore, we carried out molecular
analyses to assess the status of E. capillaroides and its most similar congener E. capillare within the genus Eudendrium. The
use of few morphological characters or incomplete descriptions may thus lead to an incorrect wide distribution of a nominal
species that actually represents a species complex. This can particularly be the case in less conspicuous species, such as many
hydroids, where the degree of diversity might be underestimated. The accurate description of tiny, inconspicuous and/or
cryptic species is important in order to better estimate global marine diversity as well as to understand marine communities
and the relationships between their components.
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Introduction hydranths are relatively large and distinguished from all
other families of the athecates by a wide, trumpet-shaped,
or spherical hypostome (Schuchert 2008). Eudendrium spe-

cies are dioecious, since simultaneous hermaphrodites occur

The genus Eudendrium Ehrenberg, 1834 is a monophyletic
taxon with a worldwide distribution that includes more than

70 nominal species with only three new species described
in the last 13 years (Bouillon et al. 2006; Schuchert 2022).
However, studies based on genetic markers indicated that
there could be a greater number of species, hidden under
similar morphology (Moura et al. 2008, 2012; Lindner et al.
2011). Usually easily identified as belonging to this genus,

Communicated by D. Maggioni

< Manuel M. Gonzélez-Duarte
manuel.gonzalez@ieo.csic.es; mangonduarte @ gmail.com

Centro Oceanografico de Cadiz, CN - Instituto Espafiol
de Oceanografia (IEO-CSIC), Muelle de Levante, Puerto
Pesquero S/N, 11006 Cédiz, Spain

Biodiversidad y Ecologia Acuatica, Departamento de
Zoologia, Universidad de Sevilla, Avda. Reina Mercedes 6,
41012 Seville, Spain

rarely (e.g., E. simplex), and their life cycle is characterized
by the absence of a medusa stage (Bouillon et al. 2004).
The Eudendriidae is one of the athecate families in which
identification at species level is most difficult (Totton 1930;
Mammen 1963; Millard 1975; Marinopoulos 1992; Vervoort
2006) and, in addition, the inappropriate use of some char-
acters, such as colony size, led to a confused state in the
Eudendriidae taxonomy (Marques et al. 2000a).

Up to 18 nominal species of Eudendriidae have been
reported in the Mediterranean Sea (Marques et al. 2000a;
Bouillon et al. 2004; Schuchert 2008; Gonzalez-Duarte
2011, 2016; Megina et al. 2016), whose validity has been
discussed by different authors for more than a century. Motz-
Kossowska (1905) carried out the first review of Mediter-
ranean eudendriid species, while Picard (1951) was the first
to include the use of nematocysts as a useful taxonomic cri-
terion of the group. In several works, Picard (1951; 1955;
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1958) distinguished eleven eudendriid Mediterranean spe-
cies. Bavestrello and Piraino (1991) increased the number of
Eudendriidae to 13 (12 belonging to the genus Eudendrium
and 1 to Myrionema). Marinopoulos (1992) listed 12 spe-
cies of Eudendrium, considering Myrionema amboinense
as a species of the genus Eudendrium. In their revision of
the Mediterranean species of Eudendrium, Marques et al.
(2000b) added two species: Eudendrium elsaeoswaldae
Stechow, 1921, which had not been considered as a valid
Mediterranean species after Picard (1958), and the new
species Eudendrium moulouyensis Marques, Pefia-Cantero
& Vervoort, 2000a. These authors reaffirmed Eudendrium
cunninghami Kirkpatrick, 1910 as a synonymy of E. car-
neum Clarke, 1882, considering a total of 13 valid species
for the Mediterranean Sea. Bouillon et al. (2004) compiled
the data known for Mediterranean hydroids and listed a total
of 15 species of Eudendrium. They essentially used the cri-
teria proposed by Marques et al. (2000b) with regard to E.
arbusculum Wright, 1859 and considered it as a doubtful
record for the Mediterranean. These authors also considered
E. tenellum Allman, 1877 as a doubtful species. To date,
E. moulouyensis is the last species described for the Medi-
terranean Sea (Chafarinas Is., South Alboran Sea), being
unique among Mediterranean species in hosting symbiotic
zooxanthellae.

Schuchert (2008) reviewed the European species of
the family Eudendriidae and listed 19 valid species of
Eudendrium. For this author, Eudendrium fragile Motz-
Kossowska, 1905 and E. islandicum Schuchert, 2000 are
synonyms of E. album Nutting, 1896; E. elsaeoswaldae and
E. insigne Hincks, 1861 are considered as synonyms of E.
ramosum (Linnaeus, 1758); and E. planum and E. stratum
Bonnevie, 1898 are recognized as synonyms of E. rameum
(Pallas, 1766). In addition, Schuchert (2008) described two
new species occurring in the northeastern Atlantic: E. capil-
laroides from NW France and Eudendrium unispirum from
the British Isles and Svalbard.

Regarding the Strait of Gibraltar, the natural boundary
between the Atlantic Ocean and Mediterranean Sea, Medel
(1996), reported three species of Eudendrium: E. armatum,
Tichomiroff, 1887, E. capillare Alder, 1856, and E. racemo-
sum (Cavolini, 1785) (Medel-Soteras, pers. com.). Among
the 22 hydroid species collected from bathyal environments
of the Gulf of Cadiz used to evaluate the potential of the
mitochondrial 16S rRNA gene as a taxonomic tool, Moura
et al. (2008) included newly sequenced colonies of three spe-
cies of Eudendrium, two of them identified just at the genus
level plus E. rameum (Pallas, 1766). More recent articles
on hydroid fauna in this area have explored the differences
between the hydroid assemblages of the Strait of Gibraltar
and nearby zones considering both natural (Gonzélez-Duarte
et al. 2013b, 2014, 2016) and artificial habitats, with special
consideration to non-indigenous species (Gonzalez-Duarte
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et al. 2013a; Megina et al. 2013, 2016). These authors sam-
pled up to 116 hydroid species and reported 12 Eudendrium
species (one of them identified just at the genus level).
Among these species, tiny specimens belonging to the genus
Eudendrium were found growing on Eudendrium racemo-
sum and initially identified as a possible new species. How-
ever, this material was eventually assigned to Eudendrium
capillaroides. In 2019, during an intensive benthic survey
program carried out on both sides of the Strait of Gibraltar
and nearby zones, the species Eudendrium capillaroides
was again identified from material collected in North Africa
(southern coast of the Strait of Gibraltar, Mediterranean
Sea). These findings represent the first records since its
original description in the North Atlantic (Britanny, France)
(Schuchert 2008). The abundant newly collected material
described here allows us to complete the original description
with unknown or poorly known additional morphological
(optical and scanning electron microscopy [SEM]), molecu-
lar (16S), and biological features (association with biologi-
cal substrata). Finally, a phylogenetic hypothesis based on
the mitochondrial 16S marker allows us to discuss the rela-
tionships of this tiny athecate hydroid with the species of the
genus Eudendrium.

Material and methods

Hydroid colonies were collected in Ceuta (southern coast of
the Strait of Gibraltar; South-western Mediterranean) dur-
ing summer 2007 and 2019 to investigate the structure of
hydrozoan communities in three different stations (Fig. 1).
These places were characterized by well-preserved and
highly diverse precoralligenous and coralligenous commu-
nities on rocky cliffs with a steep profile (Gonzalez-Duarte
et al. 2013b). Map was created using Quantum Geographic
information System software (QGIS 2018).

The samplings were carried out by SCUBA diving along
two transects at each station, at five bathymetric levels from
0- to 30-m depth (0/—5 m,—5/—10 m,—10/—=15 m,— 15
/—20 m, and — 20/ — 30 m). After collection, the specimens
were preserved either in ethanol 90% or 4% formaldehyde
solution. The male and female gonophores, as well as gas-
trozooid polyps, were mounted for examination by SEM.
Critical point drying was carried out as described by Cohen
(1979), using a Leica EM-CPC-300 critical point dryer. Dry
samples were mounted using double-sided carbon conduc-
tive tape and then covered with a 5—-10-nm gold—palladium
film using a Leica ACE600 sputter coater for 120 s. Samples
were studied at 5 kV and low magnification using a Hitachi
S$5200 microscope. Histological sections were stained with
Ramoén y Cajal’s Triple Stain (Gabe 1968). The examination
and measurement of nematocysts were performed using the
software NIS-Element Advance Research v.3.10 and optical
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Fig.1 Sampling points where new material of Eudendrium capillaroides were collected (1, Ceuta Norte; 2, Ceuta Norte 2; 3, Ceuta Sur). The

type locality of the species is also indicated (*)

and stereo microscopes (Nikon SMZ745 and Nikon eclipse
901, equipped with Nikon DXM1200F camera). All meas-
urements of the specimens are based on preserved material.

Total genomic DNA was extracted from an ethanol-pre-
served specimen using the E.Z.N.A. DNA kit (Omega Bio-
Tek) following the manufacturer’s instructions. The partial
16S mitochondrial region was amplified using the primers
SHA (ACGGAATGAACTCAAATCATGT) and SHB (TCG
ACTGTTTACCAAAAACATA) (Cunningham and Buss
1993; Moura et al. 2011). The PCR used 1 U of MyTaq
Red DNA Polymerase (Bioline), 10 pM of each primer,
approximately 30 ng of genomic DNA, and was brought
to a final volume of 25 pL with H20 for molecular biol-
ogy (PanReac-AppliChem). 16S PCR was carried out using
the following cycle profile: initial denaturation at 95 °C for
1 min, 35 cycles of denaturation at 95 °C for 15 s, anneal-
ing at 50 °C for 15 s, and extension at 72 °C for 10 s, and
a final extension at 72 °C for 5 min. The PCR product was
purified using ExoSAP-IT™ PCR Product Cleanup Rea-
gent (Thermo Fisher Scientific) following the manufacturer’s
instructions and sent to Macrogen Spain for sequencing in

both directions. All chromatograms were visualized and
sequence pairs were matched and edited using Sequencher
v4.0. The new sequence obtained in this study and those
homologous from GenBank were aligned using MUSCLE
implemented in MEGAG6. The sequences of two Myrionema
species from GenBank were selected as an out-group. The
aligned matrix had 61 sequences, 59 of them from Euden-
drium specimens.

Phylogenetic analysis was performed by applying maxi-
mum likelihood (ML) and Bayesian inference (BI) methods.
The best nucleotide substitution model was selected using
Modeltest v.2.1.10 (Darriba et al. 2012), according to Akaike
information criterion (AIC) and hierarchical likelihood ratio
test (hLRT) values. The maximum likelihood method was
carried out in MEGAG (Tamura et al. 2013) using the NNI
(nearest neighbor interchange) heuristic method and 1000
bootstrap replications. The selected nucleotide substitu-
tion model was GTR + G +1. The Bayesian inference was
carried out with MrBayes v3.1.2 (Huelsenbeck and Ron-
quist 2001; Ronquist and Huelsenbeck 2003), using the
substitution model GTR + G (Iset nst=6 rates = gamma),
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107 generations, and discarding 25% of the initial trees.
According to Hillis and Bull (1993), for ML bootstraps,
those values < 70% should be considered as low, between
70 and 94% moderate, and > 95% high. According to Alfaro
et al. (2003), for Bayesian posterior probabilities, those val-
ues < 0.95 should be considered as low and >0.95 as high.
The stationarity of the chains and the convergence of the two
runs were monitored for each parameter by Tracer (v.1.7.1)
(Rambaut et al. 2018), determining whether the effective
sample size (ESS) of all parameters was greater than 200,
as recommended.

The newly collected material of E. capillaroides has been
deposited in the Museu de Zoologia in Barcelona (MZB).

Results

Systematics

Class Hydrozoa Owen, 1843

Order Anthoathecata Cornelius, 1992
Suborder Filifera Kiihn, 1913

Family Eudendriidae L. Agassiz, 1862
Genus Eudendrium Ehrenberg, 1834
Eudendrium capillaroides Schuchert, 2008

(Figs. 2, 3, 4).

Examined material MZB 2022-1510, “Ceuta Sur,” sev-
eral hydrocauli up to 14 mm. Female colonies on E. rac-
emosum, 20/30 m in depth, 25/07/2007. MZB 2022-1511,
“Ceuta Norte,” several short hydrocauli up to 8 mm. Female
colonies on E. racemosum, 20/30 m in depth, 24/07/2007.
MZB 2022-1512, “Ceuta Sur,” few hydrocauli up to
8 mm. Male colonies on E. racemosum, 15/20 m in depth,
25/07/2007. MZB 2022-1513, “Ceuta Sur,” several hydro-
cauli up to 10 mm. Male colonies on E. racemosum, 20/30 m
in depth, 25/07/2007. MZB 2022-1514, “Ceuta Norte 2,”
several hydrocauli up to 10 mm. Female colonies on E. rac-
emosum, 15/20 m in depth, 06/08/2019. MZB 2022-1515,
“Ceuta Norte 2,” several hydrocauli up to 10 mm. Male colo-
nies on E. racemosum, 15/20 m in depth, 06/08/2019.

Diagnosis Eudendrium capillaroides species forming
small monosiphonic colonies (up to 14 mm). Two catego-
ries of nematocysts: small microbasic euryteles in the body
of the hydranth and tentacles and slightly larger microbasic
euryteles in a dense ring at the base of the hydranth. Male
gonophores on atrophied polyps, two-chambered (occasion-
ally, one chamber), and female gonophores on reduced pol-
yps in the initial stages of development but hydrants later
completely atrophied.

Description of examined material Polyp colonies min-
ute, stem fragile, up to 14-mm high, main stems unfascicled
(Figs. 2a, 3a). Hydrocaulus arising from stolonal hydrorhiza,
irregularly branched up to fourth order. Perisarc delicate,
brown to yellowish in the younger parts of the colony.
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Perisarc at base of hydrocaulus, 61-69 um in diameter, in
younger part of colony: main stem and secondary branches,
71-88 um in diameter. Base of branches with 3-5 annula-
tions, sometimes along main stem or in apparently regener-
ated zones.

Hydranths (Figs. 2b, 3b, 4a-b), whitish to brown,
272-375-um high; hydranth body 216-300-pm high (from
hydranth base to hypostome base), 175-248-um wide (at
hydranth base), with 19-27 filiform tentacles arranged in one
whorl. Up to 24-30 polyps per hydrocaulus (mostly around
15). Hypostome 74—-118-pm high and 171-210-um wide.
Nematocysts are heterotrichous microbasic euryteles of two
sizes classes: (1) microbasic euryteles, 7.5-8 X 2.5-3 um,
fusiform and densely distributed on a band 25-35-um high
on hydrant body basally (Figs. 2c, 3c, d); (2) smaller micro-
basic euryteles, 5.5-6 X 2.5-3 um abundant mainly on the
tentacles (Figs. 2c, 3e, f).

Male and female gonophores in separate colonies. Blasto-
styles on annulated pedicels borne in all parts of the colony,
sometimes on the hydrorhiza. Male gonophores (77-136 pm
in diameter), 6 to 10 per group, on completely atrophied
polyps (Figs. 2d, 4c—d), mostly two chambered (occasion-
ally only one). Terminal buttons and clusters of microbasic
euryteles of the larger type at the apical end of the gono-
phores and sometimes basally too, not lost during devel-
opment. Female gonophores (Figs. 2e—f, 4e—f) on either
reduced polyps still bearing tentacles or, in older stages, on
completely atrophied ones, 5-8 gonophores per blastostyle,
61-110 um in diameter, spadix simple, with a subterminal
nematocyst button.

Biology Fertile colonies were found in summer until July
and August (Strait of Gibraltar, present paper) or September
(Schuchert 2008).

Ecology Most of the studied material from Ceuta (~300
hydrocauli examined) was found living on Eudendrium rac-
emosum (Fig. 3a), except for a small colony (3-mm high, 7
hydranths) that was observed on Sertularella ellisii (Desh-
ayes & Milne-Edwards, 1863).

Geographic and bathymetric distribution Eudendrium
capillaroides is known from North-eastern Atlantic Ocean
(Brittany, France) (Schuchert 2008) and South-western
Mediterranean (Ceuta, Spain) (present paper) (Fig. 1), from
shallow waters (15-30-m depth).

Phylogenetic analyses The BI and ML trees obtained
from the 16S sequences data (Fig. 5) are quite similar in
the supported clades and support the assignment of our
examined material to the species Eudendrium capillaroides
(Bootstrap [Bst] 99, Posterior probability [PP] 1). Although
a sequence of E. maorianus seems to be the sister group of
E. capillaroides, the support of the clade is poor for ML (Bst
54) but high for BI (PP 1). Another sequence attributed to
E. capillaroides (KP776804, from Trou aux singes, Roscoff,
France) is also very divergent to the set of sequences in
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Fig.2 Eudendrium capillar-
oides. a Colony silhouette; scale
bar 10 mm; b typical hydranth,
note ring of nematocysts on
body; scale bar 100 pm; ¢ small
and large eurytele nematocysts,
undischarged and discharged
microbasic euryteles; scale bar
5 pm; d male blastostyle with
terminal buttons of nematocyst;
e female gonophores on reduced
polyps; f more advanced female
blastostyle on completely atro-
phied polyps. Scale bar 100 pm
(d-f)

which the type material (AM991306) and our present mate-
rial MZB 2022-1514 are reunited (the average and range of
p-distances are 5.89% and 5.79-6.23, respectively).

It is worth mentioning that the NE Atlantic sequences
[U.K. (Plymouth), France (Normandy), and Spain (Gipuz-
koa)] of E. capillare are noticeably divergent from one of
the sequences of E. capillare (KP776807, from. Victoria,
Australia), and very divergent too from other sequence also
attributed to E. capillare (EU305476, material collected in
Japan, from tanks in SETO aquarium, and deposited in the

Natural History Museum of the University of Kansas, under
the registration code KUNHM2625) (Jensen, pers. com.).
The uncorrected genetic distances between Eudendrium cap-
illaroides (NE Atlantic and SW Mediterranean sequences)
and its similar species E. capillare are 5.30% (NE Atlantic
sequences), 8.19% (Australia), and 5.85% (aquarium tanks
from Japan).

Remarks The presence of a dense ring of microbasic
eurytele nematocysts at the base of the hydranth, instead
of being distributed “scattered in a band above the perisarc

@ Springer
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Fig. 3 Eudendrium capil-
laroides. a Colonies growing
on E. racemosum; scale bar

1 mm. b Ring of nematocysts
at the base of the hydrant, scale
bar 100 pm. ¢ and d Large
microbasic eurytele nemato-
cysts at the base of the hydrant;
¢ discharged nematocysts; d
undischarged nematocysts. e,

f smaller microbasic euryteles
nematocyst; e discharged nema-
tocysts; f undischarged nemato-
cysts. Scale bar 5 pm (c—f)

grove” as described by Schuchert (2008:730), seems to be,
at this moment, a characteristic feature of the E. capillar-
oides material collected in Ceuta. In the comparison of the
cnidome between the original description of E. capillaroides
and our material, Schuchert (2008) reported two types of
nematocysts (microbasic euryteles), with a length and ratio
length/width similar to our material (Table 1). Perhaps our
material showed slightly smaller average dimensions, espe-
cially in the width of the large eurytele nematocysts, and
length/width ratios are conversely slightly different (large
nematocysts: 2.2 vs. 2.64 and tentacular nematocysts: 2.4
vs. 2.1, for Brittany and Ceuta materials, respectively). Fur-
thermore, Schuchert (2008) did not mention the nematocyst
buttons on the female gonophores, which are conspicuous
in our material. At this moment, and according to our avail-
able molecular results (a single indel differentiates Ceuta and
Brittany sequenced colonies), we will be conservative in this
paper, although it is desirable that more data on the constancy
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or variability range of the abovementioned morphological
differences in nematocyst measurements and the presence of
cnidae bottoms on female gonophores could be provided in
the near future. In addition, only 16S molecular information
for E. capillaroides is available, and other markers used such
as Cox1 or 28S, are poorly sequenced in species of the genus
Eudendrium. However, these morphological and molecular
differences can be considered as population features.

In the Mediterranean Sea, only E. racemosum presents a
band of nematocysts at the base of the hydranth. However,
the external morphology, colony and polyp sizes (E. racemo-
sum is the main substrate of E. capillaroides), different types
and sizes of nematocysts, the male and female gonophores,
and the genetic results are significant differences between
the two species.

A ring of nematocyts at the base of the hydranth is a fea-
ture shared by nine other species of Eudendrium, although
these species can be distinguished from each other on the
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Fig.4 Eudendrium capillar-
oides. Scanning Electron Micro-
graphs. a Gastrozooid polyp;

b ring of nematocysts; ¢ male
gonophores; d detail of terminal
nematocyst button of male
gonophores; e initial stages of
female blastostyle development
on reduced polyp; f female
gonophores in older stages with
simple spadix

basis of additional characters. Eudendrium annulatum Nor-
man, 1864; E. arbuscula Wright, 1859; and E. ritchiei Mil-
lard, 1975 are polysiphonic species. The colonies, hydrants,
and nematocysts of E. annulatum are larger than those of
E. capillaroides (Schuchert 2008; Table S1). Also, the belt
of nematocysts is absent in some specimens. Eudendrium
arbuscula was initially characterized by the band of nema-
tocysts on the hydranth body and the terminal nematocyst
button of male sporosacs (Wright 1859; Hincks 1868;
Marques et al. 2000a; Schuchert 2008). However, E. arbus-
cula presents polysiphonic colonies with numerous terminal
branches. Unfortunately, Wright did not measure the nema-
tocysts, but the data provided by Marinopoulos (1992) and
Schuchert (2008) recorded nematocysts larger than those of
E. capillaroides (Table S1). Eudendrium ritchiei shows a
strongly annulated perisarc, in addition to the presence of a

different type of nematocyst on the hypostome and hydranth
body (Table S1). Furthermore, young female gonophores
have a bifurcating spadix surrounding the single egg (Mil-
lard 1975). Schuchert (1996) recorded some unfasciculated
colonies from New Zealand with a ring of large euryteles
at the base of the hydranth larger than in E. capillaroides.
Eudendrium generale von Lendenfeld, 1885; E. jaeder-
holmi Puce, Cerrano & Bavestrello, 2002; and Eudendrium
scotti Puce, Cerrano & Bavestrello, 2002, also characterized
by a belt of nematocysts at the base of the hydrant, are Ant-
arctic species (Puce et al. 2002), and it is quite improbable
to find functional and successful populations in the Mediter-
ranean. Although E. generale was also recorded in Southern
Australian waters (Watson 1994) and New Zealand (Cairns
et al. 2009), some other conspicuous characteristics dis-
tinguish it from E. capillaroides such as annulations at the
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Fig.5 Bayesian analysis (BI)
showing the phylogenetic rela-
tionships of Eudendrium capil-
laroides with other Eudendrium
species. The present hypothesis
is based on 16S rRNA data.
Each sequenced specimen

is followed by its GenBank
accession number and locality
indications when available.

The tree is drawn to scale, with
branch lengths measured in the
number of substitutions per site.
Supporting values of nodes as
Posterior probability Bootstrap
values (PP/Bst) are indicated in

16S
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Eudendrium ritchiei - MG811600
1/99f Eudendrium glomeratum - AM991301
Eudendrium glomeratum - KP776755
Eudendrium glomeratum - AM991302
1/99 Eudendrium glomeratum - KP776750
1/99rEudendrium sp. - KM402026
Eudendrium sp. - KM402031
Eudendrium nambuccense - KP776826
Eudendrium sp. - AM888312
1/99fEudendrium insigne - AM991293
Eudendrium insigne - KP776822
r Eudendrium ramosum - KP776789
1/99 Eudendrium ramosum - KP776790
Eudendrium balei - KP776828

1/99

0.09

base of the branches, female gonophores, and large nema-
tocysts at the base of the hydrant (Table S1). On the other
hand, E. jaederholmi has the primary stems and branches
of the colony with annulations at their base as well as long
nematophores and female gonophores on partially atro-
phied hydranths. In addition, the nematocysts on the ring
are larger than those of E. capillaroides (Puce et al. 2002,
Table S1). Finally, E. scotti presents gonophores developed
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Eudendrium armatum - KM402025
1/99tEudendrium album - AM991298

Eudendrium album - KP776818

Eudendrium sp. - FN424112

Eudendrium album - KP776829

Eudendrium album - AM991299

Eudendrium album - KP776761

1/99[
0.96/97 Eudendrium californicum - EU305475

— N OUT-GROUP

on non-reduced hydranths and large nematocysts disposed
in two bands, one on the hypostome and one at the base of
the hydranth (Puce et al. 2002, Table S1).

Eudendrium album Nuttig, 1896 has large macrobasic
euryteles, the male and female gonophores develop on non-
reduced hydranths and the male gonophores can have three
chambers and a distal button without concentration of nema-
tocysts (Schuchert 2008, Table S1).
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Table 1 Comparison between

, Nematocysts Schuchert 2008 Present account

nematocysts’ measurements
from colonies of Eudendrium Large Tentacular Large Tentacular
capillaroides collected in - - - -
Brittany (NE Atlantic, France) Length  Width Length  Width Length  Width  Length  Width
(Schuchert 2008) and the
material collected in Ceuta (SW Average 8.5 6.5 2.7 7.62 2.89 5.69 2.70
Mediterranean, North Africa, Standard error 0.27 0.18 0.3 0.34 0.30 0.35 0.28 0.24
Strait of Gibraltar, Spain) N 24 25 25 25 25 25 25
described in this paper Ratio length/width 2.2 2.64 2.10

Range 7-9 3545 675 25-35 7.5-8 2.5-3 5.5-6 2.5-3

Eudendrium californicum Torrey, 1902 is one of the most
conspicuous species of Eudendriidae (see Table S1) due to
a deep circular groove near the base of the hydranth. The
perisarc of the stem and branches presents tightly annulated
rings throughout (Torrey 1902; Marques et al. 2000a) and
the nematocysts of the ring are atrichous isorhizas (Weill
1934).

Eudendrium nambuccense Watson, 1985 has one type of
nematocyst of one size class sensu Watson (1985). The male
and female gonophores are very different from those of E.
capillaroides, and besides, this species presents a completely
disjointed distribution (Table S1).

Discussion

Eudendrium capillaroides is presented here as a common
species in Ceuta’s waters and has been recorded over several
years from 2007 to 2019. However, although the European
hydroid fauna, and especially that of the Mediterranean
Sea, is considered one of the better known in the world
(Gonzélez-Duarte et al. 2016), E. capillaroides had not been
recorded since its original description in Brittany (France)
in two localities relatively close to each other: The Bay of
Morlaix and Camaret (Schuchert 2008) until now. In a sam-
pling program to study coastal benthic hydroid communi-
ties in the Gulf of Cadiz, Strait of Gibraltar, and Alboran
Sea (Gonzalez-Duarte 2011; Gonzalez-Duarte et al. 2013b,
2014), Ceuta was the only sampling point where E. capil-
laroides was found, and not at all depths or sampling sta-
tions. In addition, the sampling stations where this species
was found were very close to each other. Among metazoans,
perhaps hydroids are unique because many species have a
cosmopolitan distribution with the absence of local specia-
tion (Gili and Hughes 1995). In hydroids, an anfiatlantic
distribution seems to be more common in species that do
not release medusae (Cornelius 1992; Haydar 2012), such
as Eudendrium species. Therefore, it is likely that E. cap-
illaroides is present in other Mediterranean or European
zones and, because of its small size and similarity to other
species such as E. capillare, it may have been identified, if

detected, as belonging to other species. Eudendrium capil-
laroides is an example of how tiny or cryptic species can
be easily overlooked and the diversity of a group can be
underestimated. Especially in less conspicuous species, such
as many hydroids, the diversity might be underestimated
(Haydar 2012).

The most significant and evident features of E. capillar-
oides are its small colony and polyp sizes. There is enough
evidence to establish that fully developed and mature colo-
nies do not exceed 20 mm at different depths and different
locations. These facts link E. capillaroides, from an eco-
logical point of view, with the so-called E. capillare spe-
cies group (Vervoort 2006), which shows colony sizes not
exceeding 40 mm and polyp sizes usually not exceeding
500 pm. This is a fixed and significant character undoubtedly
linked to a different ecological niche within their habitats.
Eudendrium capillaroides is a common species in Ceuta
waters with a specialized ecological role, exclusively epibi-
otic over other hydroids, and a marked preference for Euden-
drium racemosum as substrate.

Cryptic species are those difficult or impossible to distin-
guish based on external morphological characters (Moura
et al. 2008, 2011; Postaire et al. 2016a, 2017a, b). Defin-
ing species boundaries is the main problem raised by cryp-
tic species, due to possible intraspecific polymorphisms
(Moura et al. 2008, 2011; Schuchert 2014; Postaire et al.
2015, 20164, b). In addition, cryptic speciation seems to be
common in benthic invertebrates with a planktonic stage in
their life cycle (Lindner et al. 2011; Postaire et al. 2016b,
2017a). Because of their similar morphology, many species
are not recorded or identified as belonging to other species
and, diversity in many groups may currently be underes-
timated. This phenomenon has already been described for
hydrozoans (Moura et al. 2008, 2011; Folino-Rorem et al.
2009; Miglietta et al. 2009; Lindner et al. 2011; Postaire
et al. 2016b).

Eudendrium teissieri Cabioch, 1970 is an unavailable
name (see ICZN art. 13.1) and is currently considered a
synonym of E. capillaroides. As commented, Schuchert
(2008), Castric and Michel (1982), and Castric et al. (1987)
included the former name in their faunistic guides of the
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Brittany (France), and a sketch of the species showed com-
plementary nematocysts relatively small and concentrated in
a band on the hydrant body. According to this fact, we could
conclude that the material collected by Schuchert (2008) in
the Bay of Morlaix (Brittany), E. teissieri and the present
material are the same species. In agreement with our mate-
rial, specimens collected by Schuchert (2008) also behaved
as a specialized epibiotic of other hydroids, in Nemertesia
antennina in the latter case. Schuchert (2008) pointed out
that E. capillariodes is very similar to E. capillare Alder,
1856. However, the presence of two different types of
nematocysts and a dense ring of microbasic euryteles at the
base of the hydranth in the former make both species easily
distinguishable.

Differing in only one indel in the 16S sequence, our
examined material from Ceuta agrees well with the
sequences of the type material. However, the existence of
another quite divergent sequence attributed to C. capillar-
oides from Roscoff (KP776804) (Fig. 5) deserves further
study concerning the possibility of cryptic species in the
same area. In the case of the apparently most similar species,
E. capillare, the tree obtained (16S data, Fig. 5) suggests a
more complex situation. The type material of E. capillare
is from Embleton Bay, England (NE Atlantic) (Alder 1856:
355); however, the set of sequences from European waters
(NE Atlantic-W Mediterranean—KP776823, KP776824,
AM991294, AM991295, AM991296, AY787884) are
quite separated from those from Australia (KP776807) and
aquarium tanks from Japan (EU305476). The latter mate-
rial belongs to specimens from aquarium tanks, making it
difficult to know with certainty its true origin. However, as
shown for many other hydroids (Moura et al. 2008, 2011;
Postaire et al. 2016b), E. capillare is likely to be a species
complex. More research with additional sequenced materi-
als is needed to examine if there are morphological features
that would allow for agreement with molecular phylogenies.

Benthic hydroids are among the first to colonize virgin
substrata (Boero and Fresi 1986; Gili and Hughes 1995;
Zintzen et al. 2007; Gonzalez-Duarte et al. 2018). They can
be epibionts or serve as substrate for other organisms (Boero
1984; Boero and Fresi 1986; Bouillon et al. 2004). The ben-
thic phase of these organisms is in continuous competition
for substrate, and therefore, they are adapted to colonize a
wide range of different substrates: cliff, caves, crevices, reefs,
big rocks, artificial habitats, etc. (Boero et al. 1986; Gili and
Hughes 1995; Megina et al. 2013), and can grow on algae
and other invertebrates: sponges, polychaetes, crustaceans,
bivalve, bryozoans, or other hydroids (Dales 1966; Boero
1984; Genzano and Rodriguez 1998; Govindarajan et al.
2005). Most of the hydroid species are substrate generalists,
commonly occurring on a wide variety of hard substrates (Gill
et al. 1989; Calder 1991; Ronowicz et al. 2013). However,
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Eudendrium capillaroides showed a preference for growing
on other hydroids, mainly on E. racemosum. Although this
occurs in the material from Ceuta and while waiting to find
more material of this species, the high number of colonies
found on E. racemosum (more than 300 hydrocauli over dif-
ferent years) and not on any other substrate, led us to propose
that this is an essential characteristic of E. capillaroides. This
information could help to find more specimens of E. capil-
laroides in the Atlantic and in the Mediterranean Sea.

Hydroids comprise a high number of inconspicuous or
cryptic organisms and, together with the increasing loss
of taxonomical expertise, this leads to them often being
reported in ecological and faunistic studies in a generic way
as “hydroids”, without identification at species level or sim-
ply identified at genus level (Fraschetti et al. 2001; Dethier
et al. 2003; Bussotti et al. 2006; Vertino et al. 2010; Ange-
letti et al. 2014; among others). The real diversity of many
benthic marine communities is also underestimated because
rare, inconspicuous, or cryptic species are not considered
(Piraino et al. 2002; Lindner et al. 2011; Haydar 2012; Dee
et al. 2019). Rare species could be crucial in the description
and survival of the communities (Dee et al. 2019). They are
areservoir of potential diversity, contain information about
the possible future composition of the communities, and
can replace the dominant species to successfully face new
situations as important disturbances (Boero 1994; Chap-
man 1999; Piraino et al. 2002; Dee et al. 2019). An accurate
description of these species that often pass unnoticed, as
do many hydroids, is important in order to better estimate
global marine diversity and to understand marine communi-
ties and the relationships between their components.
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