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ABSTRACT

The specimens collected from five localities during the period from 2004 to 2022 were observed. As a result of this
study, Jellyella eburnea was found to be new to the Korean fauna and three membraniporids were reviewed. Two
species, Jellyella eburnea and Biflustra grandicella, were redescribed and illustrated with the collected specimens in
this study. Membranipora perfragilis from Korea is changed into Biflustra grandicella. Jellyella eburnea is new to the
Korean fauna and first reported outside subtropical and tropical seas of the South Pacific and Indo-Pacific Ocean. This
fact proves that the seas in Korea are warming. Additionally, Biflustra crenulata reported from the West Sea, South
Sea and Jejudo waters of Korea is synonymized into Biflustra okadai. Membranipora irregulata is transferred into the
genus Biflustra. Five of Korean membraniporids, Biflustra grandicella, Biflustra irregulata, Biflustra okadai, Jellyella
eburnea, and Jellyella tuberculata, are reported in the Korean fauna as a result of this study. The photos taken in the
field and by Scanning Electron Microscopy of two species, Biflustra grandicella and Jellyella eburnea, are provided

herein.
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INTRODUCTION

Because some kelps encrusted with membraniporid species
seem to be sick, they are often considered as inedible seaweed,
especially in Korea. Also, membraniporids as a fouling animal
are easily found in plastic and rubber goods floating on the
seawater near shore, although they are largely overlooked by
the public.

The family Membraniporidae Busk, 1852 has been exten-
sively defined for anascans with the frontal membrane which
is not calcified, until Taylor and Monks (1997) proposed to
restrict the definition of the family to the genera whose species
develop from a twinned ancestrula. Of six genera belonging to
the family Membraniporidae traditionally, two genera, which
are Conopeum and Tamanicella were transferred into the
family Electridae. The genus Acanthodesia is considered as a
subjective synonym of Biflustra, although it is still doubtful
in status (Tilbrook, 2006; Taylor and Tan, 2015; Vieira et al.,

2016). Currently, the family Membraniporidae includes three
genera, Biflustra, Jellyella and Membranipora, based on mor-
phological characters of the type specimens (Almeida et al.,
2017). According to Almeida et al. (2017), the genus Mem-
branipora has no cryptocystal and gymnocystal calcification,
Jellyella with moderate to well-developed gymnocystal tuber-
cles and Biflustra with variable gymnocystal and cryptocystal
calcification which can develop denticles.

The family Membraniporidae consists of 48 extant species
worldwide. Of them, six species, Biflustra crenulata, Jellyella
tuberculata, Membranipora irregulata, Membranipora per-
fragilis, Membranipora savartii, and Membranipora villosa
have been reported from Korea so far (Okada, 1923; Rho
and Song, 1980; Rho and Seo, 1985, 1986, 1990; Seo, 1992,
1998a, 1998b, 2005, 2010; Song and Won, 1992; Gong and
Seo, 2003; Seo and Min, 2009; Chae et al., 2016; Chae and
Seo, 2019). After three genera belong to the family Membrani-
poridae based on morphological characters are defined (Alme-
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ida et al., 2017), Korea’s six membraniporid species also need-
ed to be reviewed, thus both Jellyella tuberculata and Mem-
branipora villosa were revised from Membranipora tuber-
culata and Membranipora serrilamella, respectively (Chae
and Seo, 2019).

This study aims to review the remaining four membrani-
porids and clarify the identification of the family Membrani-
poridae from Korean waters.

MATERIALS AND METHODS

The specimens of two species reported here were collected
from five localities of Korean coasts during the period from
2004 to 2022 (Table 1). The specimens of fouling species
were taken from the plastic bottle and rubber flip-flops float-
ing on the coast, and the remainders were collected from the
shell of Mytilus galloprovincialis and stone in the intertidal
zone. All specimens collected have been preserved in 95%
ethanol and bleached with hot aqueous sodium hypochlorite,
washed, and gold coated, prior to examination using a SNE-
3200M Mini-SEM (SEC Co. Ltd., Suwon, Korea).

RESULTS AND DISCUSSION

Order Cheilostomatida Busk, 1852
Suborder Membraniporina Ortmann, 1890
Superfamily Membraniporoidea Busk, 1854
Family Membraniporidae Busk, 1852
Genus Biflustra d’Orbigny, 1852

Biflustra grandicella (Canu and Bassler, 1929) (Fig. 1)

? Amphiblestrum perfragile: Ortmann, 1890: 29 (non Biflustra
perfragilis MacGillivray, 1881).

Acanthodesia grandicella Canu and Bassler, 1929: 68, P1.
1, figs. 9-11; Tung and Wang, 1960: 192; Wang and Cai,
1977: 17, fig. 5.

Membranipora perfragilis: Osburn, 1950: 24, Pl. 2, fig. §;

Table 1. Sampling localities in southern Korean waters

Rho and Seo, 1990: 147; Seo, 1998a: 208; 2005: 302, Pls.
21B,24A;2010: 15, fig. 3; Gong and Seo, 2003: 5.

Membranipora savartii (part): Mawatari, 1974: 26 (non Aud-
ouin, 1826).

Membranipora grandicella: Liu, 1992: 120, figs. 9, 10; Liu et
al.,2001: 419: PI. 11, figs. 2-4.

Biflustra grandicella: Grange and Gordon, 2005: 2, figs. 4-6;
Gordon et al., 2008: 41, fig. 3.1; 2009: 289; Tilbrook, 2012:
181, figs. 4, 5; Gordon, 2016: 606; Almeida et al., 2017:
1468, fig. 3a-f.

Biflustra perfragilis: Chae et al., 2016: 553.

Material examined. Korea: Gyeongsangnam-do: Tongyeo-
ng-si, Tongyeong Marine Ranch, 9 Aug 2004, Seo JE; Busan:
Gijang-gun, Daebyeon Port, 12 Oct 2010, Min BS, Yang HJ;
Chungcheongnam-do: Taean-gun, Cheongpodae, 21, 22 Jun
2016, 21 Oct 2016, 18 Nov 2016, 1 Oct 2019, from intertidal
zone, Noh GW.

Substratum. Shell of Mytilus galloprovincialis from Tong-
yeong Marine Ranch and Daebyeon Port, and stone from
Cheongpodae.

Description. Colony initially encrusting but becoming erect
and bilamellar-foliaceous, forming massive brittle growths
up to 25 cm or more. Zooids rectangular, 352.21-436.66
(401.76 £24.94) um long, 125.72-281.13 (187.89+27.86)
um wide, with corners more or less at right angles; distal
margin of parent zooid at bifurcation of zooid rows slightly
oblique. Zooidal rows bifurcated with large zooid producing
two daughter zooids, proximal boundary between them pro-
duced proximally as ridge about one-third of way along floor
of parent zooid, or scarcely at all. Gymnocyst absent. Crypto-
cystal rim somewhat crenulated distally, straight or weakly
arcuate, lateral cryptocystal rim granular. Cryptocystal shelf
broadest proximally, of variable length, maximally comprising
slightly more than one-third of zooidal length or opesia abuts
against proximal zooidal rim; length of proximal cryptocyst
mostly 10-20% of zooid length; lateral and distal cryptocyst
extremely narrow or vestigial. Opesia, large, elongate-oval,
less-rounded distally.

Locality Coordinates Date Depth
Guryongpo Port, East Sea 35°59'19.79"N, 129°33'16.57"E 7 Jul 2021 Intertidal
Daebyeon Port, East Sea 35°13'27.06"N, 129°13'42.3"E 12 Oct 2010 Intertidal
Tongyeong Marine Ranch, South Sea 33°27'15.53"N, 128°26'04.45"E 9 Aug 2004 10-20m
Cheongpodae, Yellow Sea 36°38’15.88”N, 126°17'56.73"E 21, 22 Jun 2016 Intertidal
21 Oct 2016
18 Nov 2016
1 Oct 2019
Sinchang-ri, Jeju-do 33°20’45.79”N, 126°10'12.07"E 23 Oct 2022 Intertidal
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Fig. 1. Biflustra grandicella. A, Two massive colonies attach to rock in intertidal zone of Cheongpodae; B, Small colony encrusting
the shell of Mytilus galloprovincialis collected from Daebyeon Port; C, Zooidal arrangement, from Cheongpodae; D, Detailed zooid
showing less calcified cryptocyst, from Cheongpodae; E, Zooidal arrangement, from Daebyeon Port; F, Detailed zooid showing cry-
potocystal calcification, from Daebyeon Port. Scale bars: C-F=200 um.

Remarks. In Korean waters, B. grandicella has been identi-
fied as Biflustra perfragilis MacGillivray, 1881. The preced-
ents for this misidentification include Ortmann (1890), report-
ing on Japanese bryozoans, and Osburn (1950), with respect
to the Californian fauna. Ortmann (1890: 29) cited his mate-
rial as Amphiblestrum perfragile, reporting it from Maizuru and
“Tanagawa’ (possibly an error for Kanagawa), respectively on
western and eastern coasts of Honshu. Osburn (1950: 24) cited
his material as Membranipora perfragilis and included Ort-

Anim. Syst. Evol. Divers. 39(1), 27-33

mann’s record in his synonymy. Whereas Ortmann did not
illustrate his material, Osburn (1950, P1. 2, fig. 8) did, and his
figure indeed closely resembles Biflustra grandicella, which
was formally described in the 1920s, the type locality being
the “China Sea, in the vicinity of Hong Kong”, at 161 m depth
(Canu and Bassler, 1929). Zooids are distinguished on the
basis of their relatively large size and the size of the opesia. The
communication pores in the transverse walls between zooids
occur as a transverse band of uniporous perforations across the
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middle of the wall, occasionally accompanied by 1-2 multi-
porous septula that are not side by side. Oddly, however, the
species has not subsequently been reported from California.
With the exception of B. grandicella, which he did not men-
tion, Mawatari (1974) united the species in the above synon-
ymy as Membranipora savartii (Audouin, 1826). There has
long been misunderstanding concerning Audouin’s species,
which was made the type of Acanthodesia Canu and Bassler,
1919. Unfortunately, the savartii of authors has been mis-
attributed as it bears no resemblance to that illustrated by Savi-
gny (1817), which has no cryptocystal denticles and has small
tubercles in the proximofrontal corners of zooids. Nothing
resembling Audouin’s species has subsequently been found in
the Eastern Mediterranean or Red Sea (the latter is the prob-
able provenance of savartii) since its discovery at the time
of the 1798-1801 French Campaign in Egypt and Syria con-
ducted by Napoléon Bonaparte. Indeed, the only related taxon
that closely resembles Audouin’s species is Biflustra similis
(Liu, 1992) (see Liu et al., 2001, PI. 8, fig. 6); the potential
relation of these two species needs to be further explored,
which is difficult in the absence of any types of A. savartii. In
the meantime, the genus Acanthodesia should be abandoned,
the opinion of Taylor and Tan (2015) notwithstanding.
Biflustra perambulata Louis and Menon, 2009, first descri-
bed from Cochin, India, but also known from Johor Strait, Sin-
gapore (Tilbrook and Gordon, 2016), and northwestern penin-
sular Malaysia (Taylor and Tan, 2015), greatly resembles B.
grandicella. Louis and Menon (2009) noted colour differences
between the two species, declaring B. perambulata colonies to
be more delicate and smaller than those of B. grandicella, with
slightly smaller zooids and the opesia extending much closer
to the proximal zooidal margin. In the event, this latter feature
is variable in both B. grandicella and B. perambulata, with the
character state overlapping in expression in the two species.
Taylor and Tan (2015) suggested that molecular sequence data
may be needed to determine if these really are two species, or
merely expressions of intrinsic variability.
Distribution. Korea (East Sea, South Sea, Yellow Sea), Japan,
China Sea (vicinity of Hong Kong), Australia, New Zealand,
and Brazil.

Biflustra irregulata (Liu, 1991)

Membranipora irregulata Liu, 1991: 57, fig. 1; 1992: 124,
figs. 14-18; Liu et al., 2001: 416, P1. 10, figs. 3-6; Seo and
Min, 2009: 20, fig. 2.

Biflustra irregultata: Gordon et al., 2007: 46, fig. 1D; Almeida
etal.,2017: 70, fig. 4a—d.

Acanthodesia cf. irregulata: Taylor and Tan, 2015: 9, fig. 3G-
L.

Remarks. Biflustra irregulata is characterized by a frontal
membrane with cuticular spinules, densely granular cryptocyst
with some denticles projecting into the opesia, and distal and
transverse walls with 2 and 2-3 multiporous mural septula,
respectively (Almeida et al., 2017). Membranipora irregulata
from Korea showed single or a pair of blunt tubercles referred
as a dense calcification of cryptocyst in some zooids (Seo and
Min, 2009). Neither spinules in the material which is blea-
ched or mural septula were observed in this study. However,
based on the presence of cryptocystal calcification, Korean
Membranipora irregulata is transferred into the genus Biflus-
tra. This species is not observed in this study.

Biflustra okadai Almeida, Scouza and Vieira, 2017
Membranipora crenulata Okada, 1923: 224, fig. 24.
Membranipora savartii: Rho and Seo, 1985: 54, figs. 1-3;

1990: 147; Seo, 1998a: 208; 2005: 303; Gong and Seo,

2003: 5; Seo and Min, 2009: 21.

Biflustra crenulata: Tilbrook, 2006: 21, P1. 2B; Seo, 2010: 17;

Chae et al., 2016: 553.

Biflustra okadai Almeida et al., 2017: 1472, figs. 6a—d.

Remarks. Biflustra okadai was proposed by Almeida et al.
(2017) to replace Membranipora crenulata Okada, 1923 which
is a junior homonym of Membranipora crenulata d’Orbigny,
1852. Korean Membranipora savartii misidentified by Rho and
Seo (1985, 1990) and Seo (2005) was transferred into Biflustra
crenulata (Seo, 2010), and then Biflustra crenulata is synony-
mized into Biflustra okadai that is the new name of Membrani-
pora crenulata Okada, 1923 here. This species is not observed
in this study.

Genus Jellyella Taylor and Monks, 1997

' Jellyella eburnea (Hincks, 1891) (Fig. 2)
Membranipora eburnea Hincks, 1891: 289, P1. 7, fig. 5.
Jellyella eburnea: Taylor and Monks, 1997: 42, figs. 1-13,

Moyano, 2005: 88, figs. 1-6; Gordon et al., 2007: 48, fig.

1E; Taylor and Tan, 2015: 9, 10, fig. 4.

Material examined. Korea: Gyeongsangbuk-do: Pohang-si,
Guryongpo Port, 7 Jul 2021, Seo JE; MABIK IV00172830,
Jeju-do: Jeju-si, Sinchang-ri, 23 Oct 2022, Seo JE.
Substratum. Plastic bottle from Guryongpo Port, rubber flip-
flops from Sinchang-ri.

Description. Colony encrusting, multiserial, unilamellar. Zo-
oids rectangular, subhexagonal when gymnocyst developed,
rounded distally, 416.31-762.28 (528.99 + 144.17) um long,
152.20-406.59 (248.40+75.328) um wide, porcelaneous,

Korean name: '*AFolato] 7| H | (A1A)
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Fig. 2. Jellyella eburnea. A, Colony encrusting the rubber flip-flops, from Sinchang-ri; B, Arrangement of zooids showing well-devel-
oped gymonocystal spines, tubercles and rucks, from Sinchang-ri; C, Zooids with gymnocystal spines and tubercles, from Guryongpo
Port; D, Multiporous septulae in transverse vertical wall and simple pores in lateral vertical wall, from Guryongpo Port; E, Branched
spinules in a newly budded zooid, from Sinchang-ri, Xx650; F, Complicatedly branched spinules in detail, from Sinchang-ri, x2,000.

Scale bars: B-D=200 ym, E=50 ym, F=20 pm.

with white and glossy surface, Opesium large, occupying
nearly entire frontal surface, elongate-oval, less-rounded dis-
tally; concealed by several stout gymnocystal tubercles proxi-
mally and laterally. Operculum large, semicircular, at very top
of frontal membrane. Cryptocyst narrow, arcuate distally; lat-
eral cryptocyst extremely narrow or vestigial, granular; length
of proximal cryptocyst mostly 10% of zooid. Proximal gym-
nocyst occupying one-third to half of frontal area, tapering dis-

Anim. Syst. Evol. Divers. 39(1), 27-33

tally along lateral margins of opesium and lacking in half to
distal third of zooid; calcified surface folded into rucks, tuber-
cles, or spines variable in prominence, shape and number;
spines short, hook-like, those adjacent to opesium bending
over frontal membrane. Multiporous septulae developed in
transverse wall and simple pores in lateral vertical walls sep-
arating zooidal series. Complicatedly branched spinules from
lateral walls in zooids at growing edge projecting into opesium,
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antler-like. No ovicells and avicularia.

Remarks. The family Membraniporidae is characterized by
the twinned ancestrula (Taylor and Monks, 1997), but unfor-
tunately we couldn’t observe it in this study. Jellyella eburnea
is distinguished by the presence of intricately branched pro-
cess (spinules) projecting into the zooidal chambers (Taylor
and Monks, 1997). Some branched spinules are shown in
the newly budded zooids in high magnification (X 650 and
X2,000) in the Korean specimens. The proximal gymnocyst
is not as well developed as that in Taylor and Monks’descrip-
tion (Taylor and Monks, 1997).

Plastic debris and glass bottles were encrusted by Jellyella

eburnea, a coloniser of floating biological and man-made ob-
jects that is becoming widespread in the tropics and subtrop-
ics of the world’s oceans (Taylor and Tan, 2015). Korean Jel-
lyella eburnea was also encrusting the plastic bottle and flip-
flops made of rubber floating on the sea. Jellyella eburnea
lives mainly as an encruster of the drifting shells of dead Spi-
rula (Taylor and Monks, 1997), which is known to be a trop-
ical and subtropical animal. Thus, this species has apparently
been distributed in the tropics and subtropics. It is remark-
able that Jellyella eburnea appears first in the temperate sea
in this study. In the face of this fact, it can be seen that the sea
in Korea is getting warmer recently.
Distribution. Korea (East Sea, southeastern Jejudo waters),
Indo-Pacific (Fiji, Australia, New Caledonia, Malaysia, Ban-
gladesh, Madagascar, Mauritius, South Africa, Kenya), South
Pacific (Easter Island), and Atlantic (Florida).
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