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Abstract. Spirobranchus are abundant and diverse serpulids in tropical regions, with three species reported in Brazil, which
occurrence is questionable, due to their distant type localities. In the present work, we describe a new species of Spirobranchus
from the Brazilian coast and report the other species of the genus occurring off Brazilian shoreline, based on specimens
from different locations. Specimens were collected in the states of Alagoas, Rio de Janeiro, and Santa Catarina, sorted and
analyzed under a stereoscopic microscope. Then, the animals were anesthetized and subsequently fixed and prepared for the
scanning electron microscopy. Specimens from the Caribbean and other Brazilian states were loaned from Museu Nacional
of Universidade Federal do Rio de Janeiro, Universidade Estadual do Rio de Janeiro and Universidade Federal de Alagoas.
Morphological analyzes differentiated the three species and provided details of the morphology that can be used in the future
taxonomy of the family. The species S. giganteus and S. tetraceros are more similar to each other, but can be readily separated
based on the spiral radiolar crown in the former; S. minutus differs from the other species for the tube, operculum, and type of
uncini. Spirobranchus lirianeae sp. nov. nests within S. kraussii-complex, with a concave operculum, absence of collar chaetae
and paired compound eyes on the radioles, differing by being a solitary rather than a gregarious species, by the funnel-shaped
operculum, fringed tonguelets and tube with single keel, distally pointed.

Museu de Zoologia da Universidade de Sao Paulo

°
N

Key-Words. Southwestern Atlantic Ocean; Biodiversity; Marine species; Polychaeta; Spirobranchus kraussii-complex.

S
o
L~
o
o
N
v
v
U4
o
4
S
S
<
GL)
v
<
©
o

INTRODUCTION

Spirobranchus Blainville, 1818 is a genus of
Serpulidae, characterized by the calcareous end-
plate of the operculum, often with terminal thorns,
lateral wing-like projections in the distal region of
the triangular peduncle, and special collar chae-
tae, similar to bayonets but with shaft distally or-
namented with numerous tiny spines and tapered
serrated blade, called “Spirobranchus-chaetae”
(Pillai, 2009; ten Hove & Kupriyanova, 2009). Some
species are distinguished by having spiraled ra-
diolar crown lobes, with the radioles exhibiting
length gradation-the upper ones much shorter
than lower ones-making the radiolar lobe resem-
ble a Christmas tree, endowing these animals with
their common name of “Christmas-tree-worms”.
Spirobranchus species can be differentiated based
on characters of the operculum (such as general
shape, presence, number and shape of thorns,
and the pattern formed by these structures, when
projected from the opercular endplate), ornamen-
tation of the tube (which may consist on longitu-
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dinal keels, transverse ridges and lined alveoli),
in addition to other relevant characteristics, such
as the photoreceptor structures in the radiolar
crown, which vary from being absent to one of
four types (individual radiolar ocellar clusters, sim-
ple radiolar ocelli, paired radiolar ocellar clusters,
and simple opercular ocelli) (Bok et al., 2017).

The genus comprises 34 valid species, of which
five were synonymized from Pomatoceros Philippi,
1844 and one from the monotypic Pomatoleios
Pixell, 1913, upon understanding that the diag-
nostic characteristics of these six latter could be at-
tributed to intraspecific variations of Spirobranchus
(Pillai, 2009). Spirobranchus kraussii (Baird, 1865)
was originally described as Placostegus cariniferus
var. kraussii Baird, 1865 and later synonymized with
Pomatoleios crosslandi Pixell, 1913 by Day (1955),
as Pomatoleios kraussii, and reported from sever-
al locations (both as P. crosslandi and as P. kraussii)
in the Indian and Pacific Oceans, and also in the
Mediterranean Sea (see Simon et al, 2019 and
Pazoki et al., 2020 for reviews). Nowadays, it is con-
sidered as an invasive species in several countries
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(Cinar, 2013). In a phylogeographic study of specimens
from the type locality (Cape of Good Hope, South Africa),
Simon et al. (2019) questioned the validity of occurrenc-
es beyond the South African coast, preferring to desig-
nate S. kraussii only for specimens from that region. Thus,
Simon et al. (2019) postulated that S. kraussii is a complex
of species, warranting further investigation on the identity
of specimens collected beyond South Africa. Pazoki et al.
(2020) included S. cariniferus in that complex and, more-
over, described a new species within it, Spirobranchus si-
nuspersicus Pazoki et al., 2020 from the Persian Gulf and
Gulf of Oman. Pazoki et al. (2020) emphasized that S. si-
nuspersicus is more likely to be invasive than S. kraussii.
Currently, the Spirobranchus kraussii complex consists
of S. kraussii (Southern Africa), S. sinuspersicus (Persian
Gulf and Gulf of Oman), S. cariniferus (Gray, 1843) (New
Zealand), Spirobranchus sp.1 (Japan), Spirobranchus sp.2
(Hawaii), Spirobranchus sp.3 (Australia), and a group of
Spirobranchus cf. kraussii registered in the Mediterranean,
Suez Bay, Pakistan, India, Sri Lanka, Philippines, Singapore
and the Pacific side of Panama.

To date, three species of Spirobranchus have been
recorded from Brazil (Amaral et al, 2013). Zibrowius
(1970) conducted the first study on the genus from the
Brazilian coast, identifying S. giganteus (Pallas, 1766)
from the infralittoral off Fernando de Noronha (north-
eastern Brazil) and S. minutus from Sao Paulo (southeast-
ern Brazil). Various authors subsequently reported these
same species from similar regions (Rullier & Amoureux,
1979; Morgado, 1980; Souza, 1989; Rocha, 1993, 1995;
Santa-lsabel et al, 2000; Correia & Sovierzoski, 2009).
More recently, S. giganteus has also been recorded in the
southeastern region of Brazil (Skinner et al,, 2012) and
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S. minutus (Rioja, 1941) has been registered in the north-
eastern region (Ananias, 2017), demonstrating that the
distributions of both species could be underestimated.
Although initially misidentified as S. giganteus (Skinner
et al., 2012), Spirobranchus tetraceros (Schmarda, 1861)
became the third species of the genus recorded in Brazil
based on specimens from different parts of the State of
Rio de Janeiro (Perry et al, 2017; Rodrigues et al., 2020).
In the present study, using a morphological approach,
we describe a new species of Spirobranchus from the
southeastern coast of Brazil, representing the first record
of members of the S. kraussii complex from the western
Atlantic. Furthermore, we compare the other species of
the genus occurring in Brazil and discuss their occurrenc-
es and distributions.

MATERIAL AND METHODS

Specimens were collected in the intertidal region of
Praia do Machado and Cataguases Island, at Ilha Grande
Bay (22°50'-23°20'S, 44°00'-44°45'W), Rio de Janeiro
State (Fig. 1). The organisms were removed from the
substrate and transported to the laboratory still alive,
anesthetized with menthol and photographed under a
stereoscopic microscope, then fixed in 4% formalin and
preserved in 70% ethyl alcohol (EtOH). Some individu-
als were stained with methylene blue, for observation
of thoracic and abdominal glandular patterns. Thoracic
and abdominal parapodial lobes were dissected and
mounted on permanent slides with Grey & Wess solu-
tion (Humason, 1979), for observation of chaetae under
an optical microscope. Two individuals were selected for
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Figure 1. Type-locality of Spirobranchus lirianeae sp. nov. (A) Rio de Janeiro state location at Brazilian coast, (B) detail of Rio de Janeiro state and sample area (green
square) (C) sampled locations (stars) at Ilha Grande bay. Scale bars =250 km (A), 75 km (B), 2,5 km (C).
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the scanning electron microscopy (SEM), dehydrated
in a series of ethyl alcohol at 70%, 80%, 90%, and final-
ly absolute ethyl alcohol; subsequently, they were sub-
mitted to chemical critical-point through a gradient of
hexa-methyl-di-silazan (HMDS), until total evaporation
of HMDS at room temperature (Miranda & Brazil, 2014).
The dehydrated individuals were mounted on aluminum
stubs and coated with gold-palladium sputter, then ob-
served under a scanning electron microscope (SEM), at
Fundagao Oswaldo Cruz.

Individuals of other Spirobranchus species reported in
Brazil were also analyzed from zoological collections and
field works carried out in different parts of the country:
S. giganteus was collected in northeastern Brazil, in the
State of Alagoas, as well as from the scientific collection
of the Museu Nacional of Universidade Federal do Rio de
Janeiro (National Museum of Federal University of Rio de
Janeiro), consisting on specimens from the same region,
from Abrolhos, State of Bahia, in addition to specimens
from Espirito Santo, southeastern Brazil, and from the
Caribbean side of Panama, near the type-locality of the
species. Members of S. minutus were obtained in collec-
tions in the states of Rio de Janeiro and Santa Catarina;
specimens of S. tetraceros were also obtained from col-
lections in Ilha Grande Bay and Sepetiba Bay, includ-
ing association with the invasive corals Tubastraea spp.
Spirobranchus cf. kraussii was found forming aggregates
in the intertidal region of Punta Morales (Costa Rica,
Pacific Ocean) and the morphology of these animals was
analyzed, for comparison with the Brazilian material and
specimens of S. kraussii described by Simon et al. (2019).

RESULTS

Order Sabellida
Family Serpulidae Rafinesque, 1815
Genus Spirobranchus Blainville, 1818

Type-species: Spirobranchus giganteus (Pallas, 1766).

Diagnosis (expanded from ten Hove & Kupriyanova,
2009): Tube circular to triangular in cross section, one to
five longitudinal keels present, the dorsalmost possibly
forming a pointed or flat anterior projection; alveoli and/
or transverse ridges possibly present. Radioles arranged
in spirals (1 to 8 whorls) in larger species and semicircles
in smaller species. Inter-radiolar membrane present.
Radiolar photoreceptors absent or various types: simple
ocelli, paired or individual ocellar clusters, depending
on the taxon. Mouth palps present. Peduncle generally
broader than radioles, triangular in cross-section, with
distal wing-like projections; constriction between pe-
duncle and opercular ampulla may be present; peduncle
inserted left to midline of prostomium. Operculum com-
posed of a basal ampulla as inverted or flattened cone;
calcareous reinforcement forming a flattened endplate,
thorns may be present. Simple ocelli possibly present
in the basal ampulla. Thorax formed by collar and six
posterior segments. Collar tri-lobate, chaetigerous or,
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possibly, achaetous. Tonguelets present between the
dorso-lateral lobes and the mid-ventral lobe. Thoracic
membrane continuous with dorso-lateral lobes extend-
ing throughout the thorax and forming ventral apron
over anterior abdominal region. Spirobranchus collar
chaetae and/or limbates. Limbate thoracic notochaeta;
Saw-shaped thoracic uncini (rasp-shaped in some taxa),
anterior main peg bent downwards, gouged. Thoracic
tori ending ventrally apart in anterior region and closer
in posterior region, forming a ventral thoracic triangular
depression. Abdominal uncini similar to thoracic ones.
True trumpet-shaped abdominal neurochaetae, distally
bent, with 2 distal rows of denticles and a pointed lateral
process. Progressively longer neurochaetae along abdo-
men. Ventral glandular shields present.

Spirobranchus lirianeae sp. nov.
(Figs. 2-4,9)

Examined material: Rio de Janeiro state, llha
Grande Bay, Angra dos Reis Municipality: Machado
Beach: 23°00'11.21"S, 44°15'24.82"W, intertid-
al, MNRJP-002777 (1 specimen). Cataguases Island:
23°01'28.57"S, 44°17'06.52"W, intertidal, MNRJP-002774,
MNRJP-002775, MNRJP-002776 (10 specimens, includ-
ing holotype). Holotype: MNRJP-002774 — Cataguases
Island, preserved entire, with tube, 16 May 2019, un-
der rocks. Paratypes: MNRJP-002775, MNRJP-002776,
MNRJP-002777, 10 specimens.

Diagnosis: Tubes solitary with one longitudinal point-
ed keel and transverse ridges. Operculum and calcare-
ous endplate funnel-shaped, without thorns or spines.
Paired reddish ocellar clusters along aboral face of radi-
oles. Collar chaetae absent. Tonguelets bilobed, one lobe
bearing finger-like processes.

Description

Tube: Opaque, white purplish or blueish, internally
blueish. Triangular in cross-section, lumen circular. One
longitudinal keel along the tube, extending over the
opening forming a pointed tip. Transversal ridges pres-
ent on tube surface (Fig. 2C). Tubes solitary.

Radiolar Crown: Live and preserved specimens with dark
brown base of crown, then alternating bands of white,
iridescent pigmentation and light brown pigmentation,
in a “zebra-like” pattern (Fig. 2A). Coloration faded after
preservation. Crown composed of two lobes arranged in
a complete circle, each with around 15 radioles, basally
joined by inter-radiolar membrane for one third of their
length, dorsally hidden by collar lobes and operculum
(Fig. 2B). Radioles rectangular in cross-section, the inner
side with two rows of filiform pinnules, distally shorter,
with naked tips. Tips filiform and about same size as distal
pinnules. Dorsal radioles longer than ventral ones. Paired
red spots present, 3 to 6 pairs per radiole (Figs. 2D, 2E),
with ocellar clusters (Fig. 2E).
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Mouth Parts: Two thin, smooth lips. Dorsal lips with me-
dian notch and forming a pair of lateral filiform palps, of-
ten colored in brown, about as long as proximal pinnules.
Ventral lips rectangular, as semicircular lap along inner
sides of bases of radiolar lobes.

Peduncle: Smooth, triangular in cross-section, insert-
ed slightly left to mid-dorsal line. Pair of smooth lateral
wings, triangular with rounded tip, not reaching tip of
operculum. “zebra-like” coloration pattern present, ex-
tending into the lateral wings (Figs. 2B, 2G). Constriction
between peduncle and opercular base absent.

Operculum: Continuous with the peduncle (Fig. 2G).
Opercular ampulla funnel-shaped, with calcareous oper-
cular endplate, deeply concave, without ornamentation,
white, circular in top view (Figs. 2A, 2F, 2G, 3A, 3D, 4A, 4B,
4C).Talonembedded in opercularampulla, basally ending
in five rounded teeth, unequal in size (Fig. 2G).

Collar and Thoracic Membranes: High, three-lobed
collar extending to margin of inter-radiolar membrane.
Dorso-lateral lobes long, circular with entire edges,
reaching near distal region of crown; continuous with
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thoracic membranes, forming ventral apron covering
1 to 2 abdominal chaetigers. Mid-ventral lobe reniform,
laterally as long as dorsolateral lobes, shorter medially,
often folded, inserted between crown lobes (Fig. 2A, 2H).
Tonguelets present between lateral and ventral lobes; bi-
lobed, outer lobe and inner lobe leaf-shaped, the former
twice as long, with fringed rim (Fig. 9A, 9B). Collar light
brown or darker, purplish brown, extending through en-
tire thorax, iridescent inclusions present in median-ven-
tral lobe (Fig. 3B).

Thorax: Six chaetigers. Collar chaetae absent in adults
(Fig. 3C), juveniles not observed. Notopodial lobes con-
ical, emerging between thoracic membranes and neu-
ropodia. Thoracic chetae limbate, in two fascicles of dif-
ferent lengths per notopodium (Fig. 4D). Neuropodial
lobes rectangular, overlapping subsequent neuropodia,
all bearing straight tori of similar size along the thorax.
Thoracic uncini saw-shaped, with 9-10 curved teeth, plus
theanterior-most peg, flat, spatulated (Fig. 4E). Parapodial
lobes approaching each other posteriorly, forming a ven-
tral triangular depression. Glandular clusters covering
the ventral portion of mid-ventral collar lobe, as a rectan-
gle; glandular rectangles also present basally to thoracic

Figure 2. Spirobranchus lirianeae sp. nov. (A-C) Holotype (MNRJP-002774); (D-E, H) Paratype (MNRJP-002775); (F-G) Paratype (MNRJP 002777). (A) entire worm,
ventral view, (B) dorsal view, (C) anterior end of tube, with exposed operculum, collar lobes and crown, (D) bases of radioles, with paired compound ocellar clusters,
(E) detail of a ocellar cluster, (F) operculum, dorsal view, (G) operculum clarified with glycerin, exposing talon, (H) internal crown, with folded mid-ventral lobe
and dorsal lip. Scale bars = 1 mm (A, B, C), 0,2 mm (D, F, G), 50 pm (H), 3 um (E). A = abdomen; a = apron; ¢ = collar; dI = dorsal lip; ml = mid-ventral lobe; 0 =
operculum; p = peduncle; RC = radiolar crown; t =talon; T = thorax; w = wings. Arrows pointing compound ocellar clusters.
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neuropodial tori and in ventral depression, as 3 to 4 pairs
of ventral glandular shields (Fig. 3D).

Abdomen: Largest analyzed specimen with 46 abdomi-
nal segments, at least the first one achaetous. Abdomen
usually three times longer than thorax, with larger anteri-
or chaetigers (Fig. 3E), the final third with densely packed,
much shorter chaetigers (Fig. 3F). Notopodial uncini
smaller than thoracic ones, saw-shaped, with 10-13 teeth
plus gouged anterior peg (Fig. 4F). Neuropodial chaetae
true trumpet-shaped, abruptly bent, with 2 distal rows of
denticles separated by groove and lateral filiform projec-
tion, serrated with minute teeth (Fig. 4G). Color equal to
thorax, possibly darker or reddish on dorsum, and beige
to brown on venter, with squared ventral shields anterior-
ly and rectangular posteriorly. Glandular clusters present
basally to tori and on posterior abdomen, near fecal sul-
cus rim (Fig. 3G). Pygidium bilobed, with terminal anus.

Remarks: Bastida-Zavala (2008) studied specimens of
Panama’s Pacific coast and mentioned a possible differ-
ent species (“Pomatoleios sp."), with a prominent opercu-
lar talon. This species, although never formally described,
presents only a longitudinal keel in the tube, differing
from S. lirianeae sp. nov. because the specimens analyzed
for the present study do not possess thoracic ocelli as the
individuals studied by Bastida-Zavala (2008) do.
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Although the S. cf. kraussii specimens reported from
Costa Rica are possibly a different species within the
S. kraussii-complex, they share many morphological
similarities with S. lirianeae sp. nov., but they are dis-
tinguished by having flattened projection of the dual
tube keels, while members of Spirobranchus lirianeae
sp. nov. possess a tube with a single sharp longitudinal
keel. Moreover, S. cf. kraussii and S. kraussii are gregari-
ous, belt-forming species, whereas animals belonging to
S. lirianeae sp. nov. exhibited a low density of individuals
in the sampled areas. Both S. kraussii and the Costa Rican
morphospecies present dark brown paired spots on
the radioles, associated with photoreceptor structures,
whereas those of members of S. lirianeae sp. nov. are red.
The funnel-like calcareous endplate of the operculum of
individuals of S. lirianeae sp. nov. exhibits a deeper con-
cavity than those of other members of the other spe-
cies within the S. kraussii complex. The opercular talon
is short in members of S. cf. kraussii and S. kraussii, and
long in S. lirianeae sp. nov., almost fully immersed with-
in the basal opercular ampulla. The opercular talon of
specimens of S. lirianeae sp. nov. ends in five round and
unequal teeth, similar to those reported for members
of S. kraussii, in the redescription by Simon et al. (2019).
The tonguelets of members S. cf. kraussii and S. lirianeae
sp. nov. are different, being pyriform in the former and bi-
lobed, with fringed outer lobe in the latter. Furthermore,

Figure 3. Spirobranchus lirianeae sp. nov. (A, C, D) (righ hand image), Paratype (MNRJP-002775); (B, D) (left hand image), (E-G) Holotype (MNRJP-002774). (A) an-
terior end, superior view, (B) thorax, lateral view, (C) anterior end, dorsal view, showing collar dorso-lateral lobes (D) anterior end, through beginning of abdomen,
ventral view, stained with methylene blue, (E) anterior abdominal chaetigers, lateral view, (F) posterior end, ventro-lateral view, (G) posterior end, ventral view,
stained with methylene blue. Scale bars=0,2mm (A, B, C, D, E, F, G). a =apron; dl = dorso-lateral lobe; ml = mid-ventral lobe; 0 = operculum; t = tonguelet; tm =
thoracic membrane; w = wing. Arrows pointing glandular regions.
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members of S. cf. kraussii have six pairs of thoracic ventral
shields, whereas in those of S. lirianeae sp. nov. there are
only three or four pairs. The shape of the tonguelets and
the ventral shields of members of S. kraussii were not de-
fined in the redescription of Simon et al. (2019), although
the images in that report show the tonguelets are not
fringed.

Members of S. lirianeae sp. nov. differ from those
belonging to the recently described S. sinuspersicus in
having an operculum with a concavity as a deep fun-
nel, with a talon formed by five protuberances, while
in individuals of S. sinuspersicus the operculum is flat-
tened (though slightly concave) and the talon has two
or three protuberances. The compound ocellar clusters
of members of S. sinuspersicus are dark brown, whereas
in S. lirianeae sp. nov. they are red, notwithstanding the

Brandao, I.C. & Brasil, A.C.S.: Spirobranchus from Brazil

brown bands on the crown. Animals belonging to S. si-
nuspersicus present bilobed tonguelets with smooth
lobes (not described, but see Pazoki et al., 2020, fig. 4E),
unlike the unique fringed outer lobe of members of
S. lirianeae sp. nov. Moreover, S. sinuspersicus was indi-
cated as invasive in potential (Pazoki et al,, 2020), since
individuals were found forming aggregates on artificial
substrates, which also differentiates it from S. kraussii, an-
other gregarious species. We only observed individuals
of S. lirianeae sp. nov. on natural substrates, despite sam-
pling artificial substrates in the type locality, including
buoys, small boats, metal pipes, and wooden piers. Since
Simon et al. (2019) established that species belonging
to the S. kraussii complex are regionally distributed spe-
cies, given the morphological differences between our
specimens and members of the other species assigned

Figure 4. SEM images of Spirobranchus lirianeae sp. nov. Paratype (MNRJP-002776). (A) entire worm, lateral view, (B) crown and operculum, ventral view, (C) detail
of operculum, (D) thoracic limbate notochaetae, (E) thoracic uncini, (F) abdominal uncini, (G) abdominal neurochaetae. Scale bars = 500 pm (A), 200 pum (B, (),

20 um (D), 10 um (E), 5 pm (F, G). t =tonguelet; w = wing.
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to that species complex (in addition to the morphotype
S. cf. kraussii, reported from Costa Rica), we assert that the
material described herein corresponds to a new species.

The concave and tapered calcareous operculum, the
presence of paired compound ocellar clusters along the
radioles, the tonguelets with a fringed lobe, and the ab-
sence of collar chaetae render S. lirianeae sp. nov. unique
among Brazilian species of Spirobranchus. Although the
operculum of S. minutus also lacks endplate ornamen-
tation, the structure is convex and bilobed, not tapered
as in members of S. lirianeae sp. nov. Moreover, speci-
mens of S. minutus do not present radiolar photorecep-
tor structures, such as those of members of S. lirianeae
sp. nov., and their tubes are multi-keeled and ornament-
ed by alveoli, whereas the tube of members of S. liriane-
ae sp. nov. is single-keeled and lacks alveoli. The tube
of members of S. giganteus is also single-keeled, but
their operculum is elaborately ornamented with spined
thorns. Individuals of S. giganteus have single compound
ocellar clusters, which are located only at the base of
the two dorsal-most radioles. Members of S. tetraceros
have fringed interradiolar processes and collar chaetae,
both characters absent among members of S. lirianeae
sp. nov. The operculum of specimens of S. tetraceros also
presents complex ornamentation and the ocelli of those
animals are simple.
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Type-locality: Cataguases Island, llha Grande Bay, Rio de
Janeiro, Brazil (Atlantic Ocean).

Habitat: Intertidal: Under rocks; not found in artificial
substrates.

Etymology: The specific epithet is a tribute to Professor
Liriane Monte Freitas, from the Universidade Federal de
Alagoas (Federal University of Alagoas), responsible for
the formation of numerous biologists, including the first
author.

Distribution: Atlantic Ocean: Brazil, State of Rio de
Janeiro, in Cataguases Island and Angra dos Reis (llha
Grande Bay).

Spirobranchus giganteus (Pallas, 1766)
(Figs. 5, 8,9)

Serpula gigantea Pallas, 1766.

Spirobranchus (Cymospira) giganteus (Pallas, 1766).
Blainville, 1828.

Olga elegantissima Jones, 1962.

Spirobranchus giganteus giganteus (Pallas, 1766). ten
Hove (1970).

Figure 5. Spirobranchus giganteus (MNRJP-002778). (A) entire worm, inside fragment of tube, lateral view, (B) anterior end of tube, (C) operculum and radiolar
crown, dorsal view, (D) same as C, ventral view, (E) operculum, superior view, (F) base of crown, exposing oral palp, (G) thorax, ventral view, stained with methylene
blue, (H) thoracic notopodia, (I) anterior abdominal chaetigers Scale bars=1mm (A, B, (, D, E, G), 0,3 mm (1), 0,2 mm (H), 0,1 mm (F). Ik = longitudinal keel. Arrows

pointing the oral palp (F) and parapodial cirri (H).
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Spirobranchus giganteus. ten Hove (1994); Bastida-Zavala
(2009); Bastida-Zavala & Salazar-Vallejo (2000).

Examined material: 29 specimens. Brazil: Alagoas state,
Marechal Deodoro Municipality: Frances sandstone reef:
09°46'16.02"S, 35°50'18.57"W, MNRJP-002778 (4 spec-
imens). Saco da Pedra sandstone reef: 09°44'38.20"S,
35°49'08.71"W, MNRJP-002779 (16 specimens). Bahia
state: Abrolhos Archipelago, Siriba Island: 17°58'07"S,
38°42'46"W, 3 m, IBUFRJ0007 (7 specimens). Revizee/
score-Central Project 17°02'31.20"S, 37°36'28.79"W,
50 m, IBUFRJ3140 (4 specimens). Espirito Santo
state: Revizee/score-Central Project 20°09'03.59"S,
37°28'47.99"W, IBUFRJ3139 (2 specimens). Panama:
34 specimens. Caribbean Sea, San Blas Archipelago:
09°34'37.2"N, 78°53'06"W, 50 m, IBUFRJ4092 (15 spec-
imens). 09°34'37.20"N, 78°53'60"W, 50 m, IBUFRJ4093
(10 specimens). 09°34'37.20"N, 78°53'60"W, 50 m,
IBUFRJ4094 (9 specimens).

Diagnosis (modified from Jones, 1962): Operculum
possessing two dorsal thorns with prominent spines;
mid-ventral thorn often present, smaller, dichotomously
branching distally. Radiolar crown arranged in spirals of
up to 8 whorls.

Description

Tube: Opaque, white or blueish. Triangular in cross-sec-
tion, lumen circular. One longitudinal keel along the
tube, extending over the opening forming a pointed tip
(Fig. 5B). Tubes solitary.

Radiolar Crown: Live specimens with irregular bands of
coloration, varying from white, beige and blue to pink,
yellow, orange or red (Fig. 5A), sometimes multiple col-
ors unequally mixed in each lobe; pattern in coloration
absent. Coloration faded after preservation, only darker
shades remaining. Crown composed of two lobes ar-
ranged in spirals with 2-8 whorls, each with up to 200 ra-
dioles, basally joined by inter-radiolar membrane for one
third of their length (Figs. 5C, 5D). Radioles rectangular
in cross-section, inner side with two rows off filiform pin-
nules, distally shorter, with naked tips. Tips filiform and
about same size as proximal pinnules. Dorsal radioles
longer than ventral ones. Single ocellar cluster forming
a compound eye in a dorsal concavity at each of pair of
dorsal most radioles.

Mouth Parts: Two thin, smooth lips. Dorsal lips with me-
dian notch and forming a pair of lateral filiform palps,
about same length as proximal pinnules (Fig. 5F). Ventral
lip rectangular, forming internal lap along base of radio-
lar lobes.

Peduncle: Smooth, triangular in cross-section, inserted
slightly left to crown midline. Pair of smooth lateral wings
forming near base of peduncle, rectangular, with round-
ed edge, not extending beyond operculum (Fig. 5Q).
Constriction at base of operculum absent. Coloration
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pattern usually not extending into the lateral wings, but
often with vertical bands along opercular rim.

Operculum: Continuous with the peduncle. Opercular
ampulla flat, circular in top view, with flat calcareous
endplate, generally white, also circular when seen from
the top. Two horn-like, symmetrical thorns originating
at center of the endplate and projecting dorsolateral-
ly; spines bearing multiple thorns, some with smaller
spines. Single ventral spine often present, branching di-
chotomously at the distal end, also with thorns (Fig. 5E).
Talon absent.

Collar and Thoracic Membranes: Three-lobed collar.
Dorso-lateral lobes shorter, circular, with entire edges,
reaching near proximal region of crown; continuous
with thoracic membranes, forming ventral apron cover-
ing 2 to 3 abdominal chaetigers. Mid-ventral lobe pet-
aloid, longer than dorso-lateral lobes, with wide, round
lateral rim and triangular median rim with pointed tip,
often folded medially, inserted between crown lobes.
Tonguelets present between dorso-lateral and ventral
lobes (Figs. 9C, 9D), united to dorso-lateral lobes by cir-
cular fold; tonguelets trilobed, with two outer lobes:
dorsal outer lobe larger, round, with waved rim, ventral
outer lobe also round, smaller than dorsal, with smooth
rim; inner lobe half the length of external lobes, circular,
with smooth rim (Fig. 9D). Collar lobes frequently red,
pigmentation extending through anterior thorax.

Thorax: Seven chaetigers. Collar chaetae as
Spirobranchus-type and limbate chaetae, disposed in one
fascicle (Figs. 8A, 8B). After collar, notopodial lobes con-
ical, emerging between thoracic membranes and neu-
ropodia. Thoracic chetae limbate, in three fascicles of dif-
ferent lengths per notopodium (Fig. 8C, 8D). Neuropodial
lobes rectangular, all bearing straight tori of similar size
through thorax (Fig. 5G). Digitiform cirri present at no-
topodial base (Figs. 5H, 8C). Thoracic uncini saw-shaped,
with 19-23 curved teeth, plus gouged anterior-most peg
(Fig. 8E). Parapodial lobes approaching each other poste-
riorly, forming a ventral triangular depression. Glandular
clusters covering ventral portion of mid-ventral collar
lobe, forming one pentagonal and two straight inferior
bands, also covering all thoracic neuropodia, except for
origin of tori, and in ventral depression, as single ventral
glandular pad, spoon-shaped.

Abdomen: Largest analyzed specimen with 125 abdom-
inal segments. Abdomen in entire animals usually five
times longer than thorax, with larger anterior chaetigers
(Fig. 51), the final third abruptly with densely packed
chaetigers. Notopodial uncini smaller than thoracic ones,
saw-shaped, with 13-16 teeth plus gouged anterior peg
(Fig. 8F). Neurochaetae as true trumpet-shaped chaetae,
abruptly bent, with 2 distal rows of denticles separated
by groove and a filiform lateral projection, serrated by
minute teeth (Fig. 8G). Ventral shields squared anteriorly
and rectangular posteriorly. Glandular clusters present
basally to tori. Pygidium bilobed, with terminal anus.
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Remarks: The distribution of S. giganteus, previously
considered circumtropical, has been questioned lately, as
for many other “circuntropical” or “cosmopolitan” annelid
taxa (Nygren, 2014; Hutchings & Kupriyanova, 2018). ten
Hove (1970) considered the morphospecies forming the
S. giganteus complex as subspecies, but later elevated
them to separate complexes, nested within the S. gigan-
teus sensu latu complex (ten Hove, 1994). Thus, as report-
ed by Fiege & ten Hove (1999), two species complexes are
recognized in the Atlantic Ocean, S. polycerus (Schmarda,
1861) and S. giganteus sensu stricto, this latter consisting
of S. giganteus (Pallas, 1766), S. incrassatus Morch, 1863
and S. spinosus Moore, 1923. However, S. incrassatus and
S. spinosus were originally described from the Pacific
Ocean and their occurrence in the Atlantic is unlikely;
also, the opercula of members in these latter two species
are either ornamented with long and slender, often horn-
like thorns, or with much smaller structures, pointed and
normally thicker, called spines; usually, the thorns have
spines along the axis. In S. giganteus there are two slen-
der horn-like thorns and frequently a third thorn, bifur-
cated near the distal end, whereas those of members of
S. incrassatus have two thicker thorns next to a third one,
bifurcated near the base. Members of S. spinosus have
opercula with five thick and short spines. According to
information from the WoRMS database, only specimens
from the Caribbean region should be identified as S. gi-
ganteus (Read, 2020). Apart from the original description
(Pallas, 1766) and that provided by Mérch (1863), the main
source for identification of S. giganteus is the revision by
ten Hove (1994), which does not provide a diagnosis.
Instead, the diagnosis of Olga elegantissima, by Jones
(1962), is the closest to S. giganteus, since Pallas’s original
description (1766). In the present work, since specimens
of S. giganteus were identified based on comparisons
with several individuals from San Blas, in the Caribbean,
and the animals were morphologically identical to those
found in Alagoas, Bahia and Espirito Santo, we confirm
the presence of this species off Brazilian shoreline.
Spirobranchus giganteus is the only Brazilian species
of Christmas-tree-worm, those which radiolar lobes form
pine tree-shaped spirals. Moreover, the notopodial cirrus
found on thoracic chaetigers of our members of this spe-
cies has not been described for any other species of ser-
pulids. The presence of special collar chaetae and oper-
cular ornamentation distinguish members of S. giganteus
from specimens of S. minutus and S. lirianeae sp. nov., in
which both these characters are absent. The most similar
species to S. giganteus in Brazil is S. tetraceros, with which
it was previously synonymized (Dew, 1959). Brazilian
specimens of S. tetraceros were actually identified as be-
longing to S. giganteus by Skinner et al. (2012), in part of
the material used for that study, but that mistake was
corrected by Perry et al. (2017). The operculum of speci-
mens of S. tetraceros has a conical endplate, or up to four
branched concentric thorns (ten Hove, 1970; Rodrigues
et al, 2020), whereas that of members of S. giganteus
has two dorsolateral thorns and, frequently, a bifurcat-
ed mid-ventral thorn. Furthermore, whereas animals be-
longing to S. giganteus have individual compound eyes
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at the base of each dorsal-most radiolus, members of
S. tetraceros only have simple ocelli scattered along the
radioles and they present interradiolar processes, which
are absent among members of S. giganteus.

Type-locality: Curacao, Caribbean Sea (Atlantic Ocean).

Habitat: Intertidal: associated to scleractinian corals
(Cnidaria: Anthozoa: Scleractinia) and Milleporidae hi-
drocorals (Cnidaria: Hydrozoa); rarely found without cor-
al association (Skinner et al., 2012).

Distribution: Atlantic Ocean: Gulf of México, Caribbean
Sea and Brazil, in the states of Pernambuco (Zibrowius,
1970), Alagoas (Correia & Sovierzoski, 2009), Bahia (Rullier
& Amoureux, 1979; Santa-lsabel et al., 2000), Rio de Janeiro
(Skinner et al.,, 2012) and Espirito Santo (present paper).

Spirobranchus minutus (Rioja, 1941)
(Figs. 6, 8, 9)

Pomatoceros minutus Rioja, 1941.

Pomatoceros minutus. Bastida-Zavala & Salazar-Vallejo
(2000); Bastida-Zavala (2008).

Serpulorbis catella Weisbord, 1962.

Spirobranchus minutus. Bastida-Zavala et al. (2017).

Examined material: 67 specimens. Alagoas state,
Maceié Municipality: Garca Torta reef: 09°34'55.72"S,
35°39'22.56"W, MNRJP-002780 (6 specimens). Ipioca Reef:
09°30'54.08"S, 35°35'11.64"W, MNRJP-002781 (1 spec-
imen). Marechal Deodoro Municipality: Frances sand-
stone reef: 09°46'16.02"S, 35°50'18.57"W, MNRJP-002782
(11 specimens). Rio de Janeiro state, Armacdo dos
Blzios Municipality: Geriba Beach: 22°46'50.62"S,
41°54'14.59"W, MNRJP-002783 (8 specimens). Santa
Catarina state, Florianopolis Municipality: Daniela
Beach: 27°26'32.23"S, 48°31'24.37"W, MNRJP-002785
(32 specimens). Armacdo Beach: 27°45'00.45"S,
48°30'01.91"W, MNRJP-002786 (5 specimens). Pantano
do Sul: 27°47'01.06"S, 48°30'24.69"W, MNRJP-002784
(4 specimens).

Diagnosis (after Bastida-Zavala et al,, 2017): Tube white,
with three longitudinal keels and rows of alveoli between
keels; without peristomes. Opercular peduncle with thin
distal wings, white. Operculum conical, with calcareous
distal plate, with rounded tip. First notopodium with
2-3 limbate collar chaetae, but sometimes lacking collar
chaetae altogether, with glandular spot in position of
collar chaetae.

Description

Tube: Opaque, white, or pinkish. Triangular in cross-sec-
tion, lumen circular. Three longitudinal keels along the
tube, extending over the opening forming pointed tips.
Two longitudinal rows of alveoli present between the
keels (Fig. 6B). Tubes solitary.
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Radiolar Crown: Live specimens with alternating bands
of brown pigment and non-pigmented areas. Base of
crown usually dark brown (Figs. 6C, 6F). Coloration fad-
ed after preservation (Fig. 6A). Crown composed of two
lobes arranged in semicircles, each with 10 radioles, ba-
sally joined by inter-radiolar membrane for one third of
their length. Radioles cylindric in cross-section, inner
side with two rows of filiform pinnules of even length
through radioles, with naked tips. Tips filiform and about
as long as pinnules. Ocelli absent.

Mouth Parts: Two thin, smooth lips. Dorsal lips shorter
than ventral lip, as pair of lateral digitiform palps, about
half as long as pinnules. Ventral lips longer, rectangular,
connecting both radiolar lobes at base of radiolar crown.

Peduncle: Smooth, triangular in cross-section, insert-
ed slightly left to dorsal mid-line. Pair of smooth lateral
wings at tip of peduncle, triangular, not extending be-
yond operculum (Figs. 6A, 6C). Constriction between
peduncle and opercular base conspicuous. Dark brown
pigmentation as lateral spots on peduncle, not extend-
ing into distal wings.

Operculum: Opercular ampulla round-shaped, distally
flat, circular in top view, with flat to convex calcareous
endplate, generally white or purplish, bilobed (Fig. 6D)
with dorsal edge pointed (Fig. 6E). Talon absent.

Collar and Thoracic Membranes: Three-lobed collar.
Dorso-lateral lobes twice as long as mid-ventral lobe, tri-
angular, with entire edges, reaching near base of crown;
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continuous with thoracic membranes, forming a ventral
apron covering 2 abdominal chaetigers. Mid-ventral lobe
rectangular. Tonguelets present between dorso-lateral
and ventral lobes, thin, leaf-shaped, often brown colored
(Figs. 6C, 9E, 9F).

Thorax: Six or seven chaetigers, depending on presence
of collar chaetae. Collar chaetae limbate or absent. After
collar, notopodial lobes conical, emerging between tho-
racic membranes and neuropodia. Thoracic chetae lim-
bate, longer than collar chaetae, in one fascicle (Fig. 8H).
Neuropodial lobes rectangular, all bearing tori curved
downwards, gradually smaller through thorax. Thoracic
uncini saw-to-rasp-shaped, with 8-10 rows of curved
teeth in profile, general formula = p:4:3:2:2:2:1:1:2:1,
peg flat and squared. Posterior teeth larger than anteri-
or ones (Fig. 8l). Parapodial lobes not approaching each
other posteriorly, thus not forming a ventral triangular
depression. Glandular clusters as scattered spots in neu-
ropodia, 6 pairs of trapezoidal glandular thoracic shields,
leaving longitudinal mid-ventral gap (Fig. 6F).

Abdomen: Largest analyzed specimen with 18 abdomi-
nal segments. Abdomen in entire animals usually three
times longer than thorax, with chaetigers progressive-
ly more densely packed posteriorly region. Notopodial
uncini smaller than thoracic ones, rasp-shaped, with
10-12 rows of curved teeth in profile, general formula
= p:7:6:5:5:4:4:4:4:5:4:3:2, anterior peg squared (Fig. 8J).
Neuropodial chaetae true trumpet-shaped, abruptly
bent, with 2 distal rows of denticles separated by groove
and lateral serrated filiform projection (Fig. 8K). Glandular

Figure 6. Spirobranchus minutus. (A) MNRJP-002780; (B-C, E) MNRJP-002783; (D, F, G) MNRJP-002785. (A) entire worm, dorsal view, (B) tube, (C) anterior end, dor-
sal view, (D) operculum, superior view, (E) operculum in juvenile, dorsal view, (F) thorax (except collar), ventral view, stained with methylene blue, (G) anterior ab-
dominal chaetigers, lateral view, stained with methylene blue. Scale bars = 1 mm (A), 500 pm (B), 200 um (C), 100 pm (F, G), 50 pm (D, E). t =tonguelet; w = wing.
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clusters present (Fig. 6G) basally to tori. Pygidium bi-
lobed, with terminal anus.

Remarks: The flattened and ventrally elongated opercu-
lar plate of members of S. minutus may render the dis-
tinction between these animals and members of both
the congeneric S. americanus (Day, 1973) and S. triqueter
(Linnaeus, 1758) problematic. Spirobranchus americanus
was described from animals from the Beaufort region of
North Carolina (USA) (Day, 1973). The absence of a bi-
lobed distal end on the ventral opercular face and the
single-keeled tube of those animals differentiate them
from specimens of S. minutus. In the original descrip-
tion of S. americanus, Day (1973) reports and illustrates
opercular variations similar to those observed in mem-
bers of S. minutus, although his illustrations demonstrate
that calcareous reinforcement occurs in the most basal
portion of the opercular ampulla and forms a diagonal
line in transverse view of the operculum. Bastida-Zavala
et al. (2017) also report that individuals of S. americanus
have more rows of alveoli on the sides of their tubes than
among S. minutus. Spirobranchus triqueter was originally
described and reported from the European Atlantic coast
(Linnaeus, 1758). The operculum of those animals has
three characteristic pointed projections distally and their
tubes are single-keeled, unlike the triple-keeled tube of
members of S. minutus, which also lack such opercular
projections. Cinar (2013) does not mention S. minutus as
an introduced species, but there are multiple reports of
this species beyond the Pacific Ocean (Zibrowius, 1970;
Morgado, 1980; Souza, 1989; Rocha, 1993, 1995; Ananias,
2017). The specimens we analyzed for the present study
are morphologically identical to others reported from
Brazil (Zibrowius, 1970; Ananias, 2017) and further afield
(Rioja, 1941; Bastida-Zavala & Salazar-Vallejo, 2000;
Bastida-Zavala, 2008, 2009).

The absence of calcareous projections in the opercu-
lum, radiolar photoreceptor structures and special collar
chaetae render members of S. minutus immediately dis-
tinguishable from those of S. giganteus and S. tetraceros.
Individuals of both S. minutus and S. lirianeae sp. nov.
share the absence of opercular projections, but among
members of S. minutus the operculum is slightly convex
and bilobed, photoreceptor structures are absent, and
their tubes are triple-keeled, with rows of alveoli. By hav-
ing rasp-shaped uncini and simple (rather than lobed)
tonguelets, individuals of S. minutus can be differenti-
ated from specimens of the other species of the genus
recorded in Brazil.

Type-locality: Acapulco, Guerrero, Mexico (Pacific Ocean).
Habitat: Intertidal: on rocky shores, beneath rocks.

Distribution: Considered as amphiamerican by Bastida-
Zavala et al. (2017). Pacific Ocean: Baja California, Mexico
to Peru; Atlantic Ocean: Gulf of Mexico, Caribbean Sea
and Brazil, in the states of Paraiba (Ananias, 2017) and
Séo Paulo (Zibrowius, 1970; Morgado, 1980; Souza, 1989;
Rocha, 1993, 1995). In this study, members of this species
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were found among material from the states of Alagoas,
Rio de Janeiro and Santa Catarina, extending the distribu-
tion of these animals from off the northeastern through
the southern Brazilian coast, until Santa Catarina.

Spirobranchus tetraceros (Schmarda, 1861)
(Figs. 7, 8,9)

Pomatoceros tetraceros Schmarda, 1861.

Spirobranchus tricornis. Straughan (1967).

Spirobranchus tetraceros. ten Hove (1970).

Spirobranchus dendropoma. ten Hove (1970).
Spirobranchus giganteus. Dew (1959); Skinner et al. (2012).
Complex-Spirobranchus tetraceros. ten Hove (1994).

Examined material: 28 specimens. Rio de Janeiro
state, llha Grande Bay, Angra dos Reis Municipality:
Cataguases Island: 23°01'28.57"S, 44°17'06.52"W, inter-
tidal, MNRJP-002787 (2 specimens). Paraty Municipality:
Catimbau Island:  23°11'42.41"S, 44°37'33.19"W,
UERJ6284 (1 specimen). Mangaratiba Municipality: Ibicui
Beach: 22°57'45.30"S, 44°01'28.50"W, MNRJP-002788
(10 specimens). Itaguai Municipality: Coroa Grande
Beach: 22°54'24.34"S, 43°52'00.26"W, MNRJP-002789
(15 specimens).

Diagnosis (after Kupriyanova et al, 2015): Opercular
plate mostly flat, sometimes conical; basally carrying 1
mid-ventral and 2 dorso-lateral spines (“tricornis” con-
dition); alternatively, some specimens with mid-ventral
spine as two fully separated spines, which, consider-
ing pair latero-dorsal spines, makes 4 primary spines
(“tetraceros” condition). All spines split at least once, fre-
quently twice or three times, resulting in 6-14 spine tips.
Completely conical opercula, with only 3 rudimentary
spines or spines completely absent. Peduncular wings
with finger-like processes distally (rallely without).

Description

Tube: Opaque, white or pinkish. Triangular in cross-sec-
tion, lumen circular. One serrated longitudinal keel
throughout, extending over the opening as pointed tip
(Fig. 7A). Tubes solitary.

Radiolar Crown: Live specimens alternating bands of
white iridescent, yellow, brown, pink, and orange col-
oration at crown (Fig. 7B). Coloration faded after pres-
ervation, only darker shades remaining. Crown as two
spiraled lobes with 1 whorl, each with up to 27 radioles,
basally joined by inter-radiolar membrane for one third
of their length; inter-radiolar membrane bearing tri-
angular distal processes, with fringed edges (Fig. 7C),
usually white iridescent (Fig. 7H). Radioles rectangular
in cross-section, inner side with two rows of filiform pin-
nules of even length through radioles, with naked tips.
Naked tips filiform and about as long as pinnules. Dorsal
radioles longer than ventral ones. Scattered simple ocelli,
in irregular rows through radioles.
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Mouth Parts: Two thin, smooth lips. Dorsal lips rectan-
gular, forming pair of lateral cylindrical grooved palps,
basally flat, about half as long as dorsal radioles (Fig. 71).
Ventral lip rectangular, about as long as dorsal lips, as in-
ternal lap through bases of radiolar lobes.

Peduncle: Smooth, triangular in cross-section, insert-
ed slightly left to dorsal mid-line. Pair of smooth lateral
wings distally, bilobed, dorsal lobe circular, lateral lobe
triangular, both with fringed edges (Fig. 7F). Constriction
between peduncle and opercular base absent. Dark-
brown, alternating white iridescent bands often present,
with scattered pigmentation, as in crown. Coloration pat-
tern usually extending into lateral wings.

Operculum: Continuous with the peduncle. Opercular
ampulla flat, circular to oval in top view, calcareous end-
plate usually white or beige. Endplate varying from a
ridged conical (Fig. 7D) structure to a flat plate with three

A
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main spines (Fig. 7E), two dorso-lateral and one me-
dio-ventral, wich may split at base, resulting in four main
concentric spines (Figs. 7F, 7G). Spines covered by spaced
smaller spines. Multiple branching in each spine result-
ing in many degrees of development of spines observed
in a population. Talon absent.

Collar and Thoracic Membranes: Three-lobed collar.
Dorso-lateral lobes longer, circular, with entire edges,
continuous with thoracic membranes, forming a ventral
apron covering 1 abdominal chaetiger (Fig. 7H). Mid-
ventral lobe rectangular with pointed median tip, shorter
than dorso-lateral lobes, often folded medially, inserted
between crown lobes. Tonguelets present between lateral
and ventral lobes; bilobed, inner lobes half-length of out-
er lobes, both circular, with smooth rim (Figs. 7H, 9G, 9H).
Collar lobes commonly same color as crown base, ex-
tending through thorax. Internally, collar and tonguelets
may be covered in white iridescent pigmentation.

Figure 7. Spirobranchus tetraceros. (A, D-E, J) MNRJP-002788; (B-C, F-1) MNRJP-002789. (A) anterior end of tube with exposed operculum, (B) anterior end through

’

anterior abdomen of specimen with ‘tetraceros’ condition, ventral view, (C) radioles and interradiolar membrane, (D) conical ‘tricornis’ operculum, (E) ‘tricornis
opercular condition, (F, G) peduncular wings, in a ‘tetraceros’ operculum, (F) dorsal view, (G) ventral view, (H) anterior end, from base of crown through anterior
abdomen, lateral view, (1) inner side of crown and dorsal lip, (J) thorax (except collar), ventral view, stained with methylene blue, (K) same, lateral view. Scale bars =
Tmm (A, B),0,4mm (D, E),0,5mm (F, G, H,1,J,K), 0,2 mm (C). d = dorsal lip; ip = inter-radiolar processes; o = operculum; t = tonguelets; w = wing.
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Thorax: Seven chaetigers. Collar chaetae as
Spirobranchus-type and limbate chaetae, disposed in
one fascicle (Fig. 8L). After collar, notopodial lobes round,
emerging between thoracic membranes and neuropo-
dia. Thoracic chetae limbate, in three fascicles of differ-
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ent lengths per notopodium (Figs. 8M, 8N). Neuropodial
lobes rectangular, all bearing tori curved downwards of
even length through thorax. Thoracic uncini saw-shaped,
with 13-16 curved teeth, and gouged anterior peg
(Fig. 80). Parapodial lobes approaching each other pos-

Figure 8. SEM images of chaetae from species of Spirobranchus reported in Brazil. (A-G) S. giganteus (MNRJP-002779): (A) collar chaetae, (B) detail of shaft of
Spirobranchus-type chaeta, (C) thoracic notopodia, (D) limbate thoracic notochaetae, (E) thoracic uncini, (F) abdominal uncini, (G) abdominal trumpet-shaped
neurochaetae; (H-K) S. minutus (MNRJP-002785): (H) limbate thoracic notochaetae, (1) thoracic uncini, (J) abdominal uncini, (K) abdominal trumpet-shaped neu-
rochaetae (lateral projection broken); (L-Q) S. tetraceros (MNRJP-002789): (L) collar chaetae, (M) thoracic notopodium, (N) detail of limbate thoracic notochaetae,
(0) thoracic uncini, (P) abdominal uncini, (Q) abdominal trumpet-shaped neurochaetae. Scale bars = 500 um (C), 200 pm (A, M), 100 pum (D, L), 20 pum (N, Q),
10 um (B, E, F, G, H, K, O, P), 5 um (I), 2 um (J). Ic = limbate chaeta; pc = parapodial cirrus; sc = Spirobranchus-type chaeta.

Figure 9. Tonguelets among members of Spirobranchus spp. (A, B) S. lirianeae sp. nov.: (A) Paratype (MNRJP-002775) peduncle and dorso-lateral collar lobes
dissected, (B) Paratype (MNRJP-002777) detail of the bilobed tonguelet; (C, D) S. giganteus (MNRJP-002779): (C) dorsal view, (D) dorsal view with dorsal outer
lobe folded backwards, exposing inner lobe; (E, F) S. minutus (MNRJP-002783): (E) lateral view, (F) detail of tonguelet, dorsal view, stained with Shirlastain, with
dorso-lateral collar lobe dissected; (G, H) S. tetraceros (MNRJP-002789): (G) lateral view, (H) detail of lateral view stained with methylene blue, outer lobe over inner
lobe. Scale bars = 300 um (G), 200 um (A, C, D, H), 150 um (B), 100 pm (E), 50 pum (F). dol = dorsal outer tonguelet lobe; dI = dorsolateral colar lobe; il = inner
tonguelet lobe; ol = outer tonguelet lobe; p = peduncle; vol = ventral outer tonguelet lobe.
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teriorly, forming ventral triangular depression. Glandular
clusters covering ventral portion of mid-ventral collar
lobe, as heart-shaped pattern, together with triangular
depression (Figs. 7J, 7K), also covering all thoracic neu-
ropodia, except for origin of tori. Five pairs of ventral
glandular shields, first two pairs rectangular, fused to
each other mid-ventrally, other three pairs not fused and
posteriorly becoming squared (Figs. 7J, 7K).

Abdomen: Largest analyzed specimen with 97 abdom-
inal segments. Abdomen in entire animals usually four
times longer than thorax. Notopodial uncini smaller than
thoracic ones, saw-shaped, with 10-11 teeth and gouged
anterior peg (Fig. 8P). Neuropodial chaetae true trum-
pet-shaped, abruptly bent, with 2 distal rows of denticles
separated by groove and lateral serrated filiform projec-
tion (Fig. 8Q). Ventral pads square-shaped anteriorly and
rectangular posteriorly. Glandular clusters present over
tori, and along the rim of fecal sulcus, concentrated at
posterior abdomen. Pygidium bilobed, with terminal
anus.

Remarks: The occurrence of S. tetraceros in the Atlantic
has been deemed indicative of a species complex (Smith,
1985; Fiege & ten Hove, 1999; ten Hove & Kupriyanova,
2009). This species was first described in Australia
(Schmarda, 1861) and its members are similar to those of
the Caribbean S. dendropoma Mérch, 1863. Spirobranchus
dendropoma has been treated as a synonym of S. tetrace-
ros (e.g., ten Hove, 1970), but that status is questionable,
given the improbability of an Indo-Pacific species occur-
ring in the Caribbean (Bastida-Zavala & Salazar-Vallejo,
2000; Bastida-Zavala, 2009; Perry et al., 2018). However,
morphologically, members of both these species differ in
terms of the processes present at the distal edge of the
interradiolar membrane, which are smooth among spec-
imens of S. dendropoma, and positioned at the base of
the radioles (Benedict, 1887), whereas they are fringed in
animals belonging to S. tetraceros, and at the distal end
of the interradiolar membrane (Bastida-Zavala & Salazar-
Vallejo, 2000). Perry et al. (2018) alert that S. tetraceros is
an extensively distributed complex of species, though
that do not exclude the likelihood of either of these spe-
cies being introduced distant to the type-locality. The
specimens we analyzed are compatible with descrip-
tions of S. tetraceros, and the occurrence of this exotic
species in Brazil was recently noticed (Rodrigues et al,
2020), thus we retain the identification of the mentioned
previous authors.

Members of S. tetraceros share with those of S. gigan-
teus the tube with a pointed longitudinal keel, opercu-
lum ornamented by thorns, and special collar chaetae.
However, the tube of members of the former species
may present serrations on the keel, which are absent
in S. giganteus. The radiolar lobes of individuals of S. gi-
ganteus form multi-whorled spirals, whereas they form
a single circle in members of S. tetraceros. The opercular
thorns of specimens of S. tetraceros are more numerous,
up to four, concentric and branched, with multiple tips,
while in animals of S. giganteus there are two dorso-later-
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al and a possible third mid-ventral thorn, shorter, in a tri-
angular arrangement with other thorns on the opercular
endplate. The tonguelets of members of S. tetraceros are
bilobed with smooth edges, whereas specimens of S. gi-
ganteus present trilobed tonguelets, with superior outer
lobe larger and with wavy edge. The peduncular wings
and interradiolar processes of animals of S. tetraceros
are fringed, while in members of S. giganteus the wings
are smooth, and the processes are absent. Members of
S. tetraceros have 5 pairs of glandular shields in thoracic
triangular depression, while those of S. giganteus have a
single shield.

Spirobranchus tetraceros differs from S. minutus be-
cause members of S. minutus have a triple-keeled tube,
with alveoli, lack both opercular ornamentation and radi-
olar ocelli, and the collar chaetae, if present, are limbate,
while in members of S. tetraceros the tube has a single
keel, the operculum is ornamented, photoreceptor struc-
tures are present and the collar chaetae are limbate and
special Spirobranchus-type.

Members of S. tetraceros share with S. lirianeae sp. nov.
the shape of the tube, with single pointed longitudinal
keel, but they differ from those animals in having oper-
cular ornamentation, simple radiolar ocelli, fringed inter-
radiolar processes, and collar chaetae, while members of
S. lirianeae sp. nov. have funnel-shaped operculum, lack-
ing thorns and spines, and also have paired compound
ocellar clusters in the radioles and interradiolar process-
es, whereas collar chaetae are absent. The fringed pe-
duncle wings and the presence of interradiolar processes
distinguish this species from any other recorded in Brazil
to date.

Type-locality: New South Wales, Australia (Pacific
Ocean).

Habitat: Intertidal: rocky shores, beneath rocks; sub-
tidal: rocky shores, under rocks, at fouling communi-
ties on piers. Often found associated to Tubastraea spp.
(Cnidaria: Anthozoa: Scleractinia). Also found on artificial
substrata, such as concrete blocks and plastic incrusta-
tion plates (Rodrigues et al.,, 2020).

Distribution: Indian Ocean: Australia, Phillipines, off
China (Sunetal., 2012), Red Sea (Perry et al., 2017), Aqaba
Gulf, eastern coast of Africaand Madagascar (Read, 2019);
Pacific Ocean: Australia; Atlantic Ocean: Mediterranean
Sea, Greek, Caribbean Sea (ten Hove, 1970), Gulf of
México, Colombia (Read, 2019) and southeastern Brazil,
at Rio de Janeiro state (Skinner et al, 2012; Rodrigues
etal, 2020).

Key for the species of Spirobranchus
recorded in Brazil

1. Radiolar lobes forming 2-8 whorls in spiral ..........ccoecorrereenn. S. giganteus
1. Radiolar lobes in 1 whorl or semicircular 2
2. Spirobranchus-type chaetae present S. tetraceros

2" Collar chaetae all limbate or absent 3
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3. Operculum with flat or convex, bilobed endplate; ocelli or ocelar clusters g < :—g £8 = m“;i o
absent on radioles; tube with 3 keels and alveoli................ S. minutus = £ |£8:|025S5 g |££=s
3’ Operculum with concave, funnel-shape endplate; paired ocelar clusters N i‘.’. £e5|3 5 zé T g |® |58
present on radioles; tube with 1 pointed keel and transversal ridges... § Q 1] é £ E52s E £ é *E b = ;‘f
S. lirianeae sp. nov. £ 228 2888 5 |5 |eE22E%
3 =
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Spirobranchus, as well as other serpulids, can be § o ;: @ ; = ; . @
transported through human activity to regions beyond k= T | g £ £ k g |52
their natural distribution, often resulting in misidentifica- '§ f:.; E _ § % E e 2 _ § %
tions. Cinar (2013) reported four species of Spirobranchus € I 2 % E} g 2 % £ 2 ;‘;: § g
as potential invasives far from their type localities. Simon g s | o
et al. (2019) further highlighted the confusion surround- £ é - E - - § :é §
ing species complexes and cryptic species. Molecular 2 ._§ E g & |2 |2 |2&
studies are not unusual attempts to clarify such conflicts = g £ g £ |2 |55/2 H
(e.g., Sun et al, 2016, 2017; Perry et al, 2018), but mor- 2 E § § % f‘é § % I§ = é»
phological analyses need to progress in concert with s 5 5 & % SE|ERE
molecular techniques to define new structural charac- % % -z = :'g > |2
ters for specimen identification. Currently, visual iden- E £ = LE 2 |2 |2 |%
tification focuses on the operculum and tube. While & g £ SE 2 |2 |8 |=®
very wide distributions of marine organisms deserve = S | £ EE = g £g § e
to be questioned, serpulids such as Hydroides elegans § g SE £5§ 5 E5|22
(Haswell, 1883) have already demonstrated the potential = 3 B E’ =8
for long-distance dispersal and successful introduction, % 2 g g g S E
in this case from Australia to much of the world, includ- = s |5 5 E Al g g
ing Brazil (Hutchings & Kupriyanova, 2018), apparently % 2 gé gg . g - EE
like S. tetraceros, demonstrating the importance of re- P 2E |2E 2 E»:v; g %g
fining the taxonomy of the group by searching for new P = | = e T - e
characters and establishing accurate morphological E 2 g‘g £ g § B S E g 3
descriptions. 2 8|23z 25§ | |8E|¢ |SZE

Here, we highlight important characters for distin- = §° 2%’ ZPE é tg_g é '—;Eg
guishing species of Spirobranchus (Table 1), which will = E £S5 8% 2 g E 5% § EEZ
prove informative for future phylogenetic analyses. We = - S8 |SES512 |25 | £%55
noted that tonguelet shape varied considerably among é s = <
the four species reported from Brazil, from simple and 2 - 'é 5 _ T OlE L |
leaf-shaped, as among members of S. minutus, to multi- 2 g2l E T |2 |2 |2
lobed structures, with rippled fringed edges, such as g — = = R
exhibited by individuals of S. giganteus and S. lirianeae S T = s | = < g é
sp. nov. (Fig. 9). Typically, these structures are not de- g E s § g §“ E ? g g %j
scribed. For instance, Pillai (2009) conducted a review c = £E % = % = % i—;g
of numerous species of Spirobranchus, but never men- S E :‘2 £ E s 5&
tioned their tonguelets. If mentioned, it is only a passing E § = X £ Ix |2 |25F
reference to the presence/absence of tonguelets (ten 8 E 2 %; = é % =
Hove & Kupriyanova, 2009; Kupriyanova et al., 2015). So, a3 5=, 25 s .3
in general, the morphology of these structures remains § = H] § § § g g | E § § 5
underestimated and their potential taxonomic utility is S § else |ET3 g = |S¢lE
underappreciated (Perry et al., 2018; Simon et al., 2019). sg | & |52 g3g |E &2 |52%

We also observed considerable variation in oral palp § § £ . e - =
morphology. Although difficult to visualize, given their s5 ‘g 3 % E g g s |Es
location inside the crown and association with the dorsal 2 E (83 & < |5 | |g8§
lips, we noted unique size variation relative to the size of g = SEEE: % = % 2=
the crown, in members of each species reported herein. § % 2 |3 i 23 T |8 |8 |g ;%
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Similarly, glandular distribution is little explored in s =
serpulids, despite this characteristic being important for § k) - E g _
delineating species of Sabellidae (e.g., Capa & Murray, E S s i E §§
2015). In this respect, the work of Wong et al. (2014) is : § = § § § Sl '§§ g
important, since it provides an illustrated glossary of 2 g § § é% § §% g
Spirobranchus spp. stained with methylene blue, which S = < S8y |sE|w
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highlights the ventral shields, though the focus of that
work was to present these structures rather than com-
pare them taxonomically.

The species thus far recorded from the Brazilian coast
all present different glandular patterns in the ventral re-
gion of the collar, and the number of ventral glandular
shields on thoracic triangular depression varies from a
single shield, as among members of S. giganteus, to up to
six pairs of shields, as among animals of S. minutus, with
no overlapping among the individuals of the species ac-
counted in the present work. The uncini of the species
we assessed also differ (Fig. 8). Members of S. minutus are
notable in having rasp-shaped uncini, whereas the unci-
ni of members of the other species of this genus occur-
ring off Brazil are all saw-shaped. However, the number
of teeth in these uncini differs, higher among members
of S. giganteus, lower in individuals of S. lirianeae sp. nov.,
and intermediate in specimens of S. tetraceros.

The Serpulidae are undoubtedly a family presenting
intraspecific variations that challenge species delimita-
tion, especially when species introductions to sites far
from type localities are considered. However, many an-
atomical characters can be used for morphological tax-
onomy, such as those related to the operculum and tube,
and further detailed research into novel characters and
defining character ranges could greatly enable species
identification.
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