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Abstract. Branchiomma bairdi is a Caribbean fan worm introduced in several localities
worldwide, including the Mediterranean Sea, where the species’ range has rapidly expanded.
Reproduction in B. bairdi was previously investigated in both extra-Mediterranean and
Mediterranean areas, but no information is available on larval development and post-larval
growth. In the present article, we examined these features for a population from the Mar
Grande of Taranto (Ionian Sea). The species is hermaphrodite, and fertilization occurs
in situ. Mucus seems to play an important role in fertilization, and also in preserving eggs
before fertilization. The trochophore stage develops within the mucus and after hatching,
larvae swim for about 3 d before settlement. The trochophore showed a distinct prototroch
and two red dorsolateral larval eyes. The pelagic stage takes only 96 h even though pro-
totroch is maintained after settlement, disappearing at 5 d, when larvae showed three chae-
tigers and branchial crown consisted of four radioles. Some interesting observations
concerning changes in the morphology of chaetae and in the number of uncini during
growth are also reported, together with discussion of the development of stylodes, an
important diagnostic feature in Branchiomma species identification.
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Within Annelida, the members of the family
Sabellidae are one of the most widely studied groups
in terms of modes of reproduction and development
(McEuen et al. 1983; Rouse & Fitzhugh 1994; Bick
1996; Giangrande 1997; Hsieh 1997; Rouse &
Gambi 1998a,b; Gambi et al. 2000, 2001; Gian-
grande et al. 2000). Sabellids show a large diversity
of reproductive strategies including broadcasting of
gametes, deposition of egg masses, and brooding
outside or inside the parental tube (McEuen et al.
1983; Knight-Jones & Bowden 1984; Rouse 2001).
However, they all have lecithotrophic development,
with varying length of pelagic life, from 15 d as in
Sabella spallanzanii (GMELIN 1791) (Giangrande
et al. 2000), to a few hours as in Branchiomma luctu-
osum GRUBE 1869 (Licciano et al. 2002). Direct
development with brooding can also be present as in
Perkinsiana littoralis (HARTMAN 1967) (Gambi et al.
2000). Reproductive mode is significantly correlated
with body size, with small species that are brooders
and large species that are free-spawning (Rouse &

Fitzhugh 1994). According to Rouse & Jamieson
(1987), sperm morphology is often associated with
reproductive strategy, with ect-aquasperm found in
broadcasting species with pelagic development, and
ent-aquasperm generally observed in intratubular
brooders. However, the correlation between the
sperm morphology and fertilization type still needs
to be clarified (Rouse 1999). Moreover, in this fam-
ily, the morphology of the acrosome is highly vari-
able and indicative of phylogenetic relationships
(Patti et al. 2003).

Branchiomma bairdi (MCINTOSH 1885) is a sabellid
species originally described from Bermuda and
recently introduced in several localities, where the
species range has rapidly expanded as a consequence
of the high capacity to colonize different substrates,
especially in confined environments and impacted
areas, and as a consequence of the occurrence of
both sexual and asexual reproductive strategies
(Tovar-Hern�andez & Y�anez-Rivera 2012; Arias
et al. 2013; Giangrande et al. 2014; Keppel et al.
2015). Notwithstanding its recent introduction in
the Mediterranean Sea, this species has reached high
densities especially in the Gulf of Taranto, a
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eutrophic area of the Ionian Sea (Italy), where the
species has been deeply investigated since 2012
(Giangrande et al. 2014; Lezzi et al. 2014, 2016; Sta-
bili et al. 2014; Lezzi 2016). Two years of study on
its population dynamics revealed that this species is
an annual form, reproducing from July to October,
and with an early maturity that can occur just
3 months after settlement (Lezzi 2016; Lezzi et al.
2016).

The reproductive biology of B. bairdi has been
studied by Tovar-Hern�andez et al. (2009a, 2011),
Tovar-Hern�andez & Y�anez-Rivera (2012), and Arias
et al. (2013) in a Pacific and in a Mediterranean
population. These authors reported the presence of
simultaneous hermaphroditism, intratubular fertil-
ization, and brooding of eggs and embryos inside
the parental tube attached to the body wall by
means of mucus. At present, however, no data con-
cerning the larval and post-larval growth are avail-
able.

As an understanding of reproductive strategies is
useful to understand the invasiveness of alien spe-
cies, the present study is focused on reproduction
under laboratory conditions of Mediterranean speci-
mens of B. bairdi collected from Mar Grande of
Taranto, with the purpose of completing the previ-
ous observations on the reproductive features of this
sabellid. Furthermore, it provides the first descrip-
tion of larval development, settlement, and post-lar-
val growth in this species.

Methods

Specimens of Branchiomma bairdi were collected by
SCUBA diving at 5 m depth along a dock wall in the
“Mar Grande” of Taranto (Gulf of Taranto, Ionian
Sea, Italy) in October 2015. We sampled individuals
from naturally occurring large aggregations. Soon
after collection, the worms were transferred to the
laboratory and kept in an aquarium placed in an
environmental chamber set at a temperature of 20°C,
similar to that recorded at the sampling site.

In order to determine the presence or absence of
gametes in the specimens, worms were removed
from their tubes and a small quantity of coelomic
fluid (several microliters) was withdrawn from the
body wall at the abdominal level using an analytical
microsyringe and examined under the microscope.
The analysis of the coelom content enabled the sep-
aration of individuals whose coelomic cavity was
found full of mature gametes from those devoid of
germinal products. Egg diameter was measured with
an ocular micrometer in 20 specimens (20 eggs for
each specimen).

In order to stimulate the spawning of gametes and
fertilization, ripe specimens were removed from their
tubes and manipulated by applying gentle pressure
with finger tips. After this treatment, worms were
housed in five beakers (four individuals per beaker)
placed in a temperature-controlled room at 20°C.
Each beaker contained 500 mL of constantly aerated
seawater which was changed daily. At each water
change, liquid food for filter-feeding marine inverte-
brates (SERA Coraliquid, SER-Germany, Heinsberg,
Germany) was added at the concentration recom-
mended by the manufacturer (25 lL L�1).

After worms had spawned in the experimental bea-
kers, fertilized eggs were maintained in the original
jars with adults as well as the other developmental
stages, as eggs collected and transferred to beakers
containing freshly filtered seawater collapsed. Subse-
quent stages of larval development were maintained
in the same experimental conditions. Juveniles were
fed by adding a cultured microalga (Isochrysis gal-
bana PARKE 1949) to the 0.22-lm pre-filtered seawa-
ter at a concentration of ~2000 cells mL�1. The algae
were maintained in nutritive medium containing 0.22-
lm filtered seawater enriched with the F/2 medium
of Guillard & Ryther (1962). Algae were used during
their exponential phase of growth.

Larval stages and post-larval growth were moni-
tored daily using a stereomicroscope equipped with
a digital camera (Carl Zeiss AxioCam ERc 5s, Zen
2012, Carl Zeiss Microscopy GmbH, Jena, Ger-
many). Juveniles (n=20) were also fixed in a solution
of 4% formaldehyde in seawater to allow further
observations and measurements, such as body
length, number of chaetigers, number of uncini for
each torus, length and width of chaetigers 2 and 10,
and number of radioles and stylodes. The same
observations were also carried out on adults.
Regression and Pearson’s correlation analyses were
performed on the dataset of both juveniles and
adults to assess the relationships among the biomet-
rical measurements taken.

Results

Fertilization and larval development

All the examined worms were found to be her-
maphrodites. Unfertilized eggs drawn from the coe-
lomic cavity were 150�63 lm (mean�SD; Fig. 1A)
in diameter. After worms spawned, spermatozoa
were found in the water column, while eggs
embedded in mucus sank to the bottom of the jars.
Worms removed from their tubes had bodies cov-
ered by a thick layer of mucus. When analyzed
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under the microscope, the mucus was found to con-
tain fertilized eggs with spermatozoa inside. Eggs
were brownish in color, appeared enclosed in a fer-
tilization envelope (100% fertilized), and measured a
mean diameter of 250�17.74 lm (Fig. 1B). Sperma-
tozoa were ect-aquasperm type, with long flagella
and spherical heads (Fig. 1C). Larvae developed
only from fertilized eggs embedded in the mucus
and maintained in the original jars with the adults
(Fig. 1D).

Blastula stage could be detected at 1 h from fertil-
ization (Fig. 1E). After 4 h, trochophore larvae were
observed within the egg envelope and still embedded
within the mucus (Fig. 1F). At 9 h, trochophores
could freely swim and after 24 h, they elongated,
exhibiting a mass of brownish material (yolk) in the
middle of the body. At this stage, the larvae, which
measured about 150�12.8 lm in length, showed a
distinct prototroch, which separated the rounded
episphere from the conical hyposphere, and two red
dorsolateral larval eyes placed between the pro-
totroch and anterior end (Fig. 2A); apical tuft and
other ciliary bands were not detectable. At 48 h,
body segmentation was observed as the formation
of fine capillary chaetae protruding laterally from
the first chaetiger. At 72 h, the larvae increased in
size, the hyposphere elongated, and the prostomium
became more prominent. At this stage, larvae mea-
sured a maximum length of ~200 lm, showed two

chaetigers, each with narrowly hooded chaetae
(Fig. 2B,C), and started to swim near the bottom of
the culture container to search for settlement sites.
Although cilia of the prototroch continued to beat,
settlement occurred at 96 h, and when the larvae
stuck to the substratum, the anus opened, and they
began to feed (Fig. 2D). At this stage, the pros-
tomium showed a pair of extensions representing
precursors of the branchial filaments and two small
lobes appeared anteriorly on each side of the pros-
tomium, probably representing the rudiments of the
collar (Fig. 2E). Larval eyes were still present and
the mass of yolk reduced in size. Three-chaetiger
larvae, measuring 250�14.7 lm, were detected at
5 d when the disappearance of the prototroch could
also be noticed. At this developmental stage, the
branchial crown consisted of four radioles with
actively beating cilia (Fig. 2F). Because there was
100% mortality at the three-chaetiger larval stage,
observations of development in the experimental
beakers were terminated at this stage. Post-larval
growth, therefore, was described from juveniles
already settled in the aquarium, where worms had
spawned spontaneously.

Post-larval growth

After ~1 month from collection in the natural
environment, juveniles were found attached to the

Fig. 1. Gametes and early developmental stages of Branchiomma bairdi. A. Unfertilized egg taken from the coelomic
cavity. B. Fertilized egg showing fertilization envelope. C. Mature spermatozoa with ect-aquasperm morphology.
D. Developing embryos. E. Blastula stage. F. Early trochophore still within fertilization envelope.
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aquarium wall where adults were maintained. These
small worms measured 0.8�0.06 mm in total length,
had 12 segments, 3 pairs of radioles, 2 elongate dor-
sal lips, dorsolateral eye spots between the first
chaetiger and the branchial crown, and interramal
red spots already present throughout the length of
the body, which ended with a bilobed pygidium,
while ventral lips were not detected (Fig. 3A). At
this stage, no finger-like projections (stylodes) were
present. Thorax and abdomen were clearly defined
by the chaetal inversion and the shift of the position
of the fecal groove. Indeed, at this stage of develop-
ment, juveniles had eight thoracic chaetigers with
dorsal chaetae and ventral uncini, and four abdomi-
nal segments, of which three showed ventral chaetae
and dorsal uncini (Fig. 3A). Thoracic and abdomi-
nal uncini appeared avicular with short handle,
developed breast, and three rows of teeth above the
main fang (Fig. 3B); avicular abdominal uncini were
similar to the thoracic ones. Both superior and infe-
rior thoracic notochaetae were paleate (Fig. 3C),
while abdominal neurochaetae were broadly hooded
(Fig. 3D).

At 42 d, juveniles were 1.4�0. 2 mm in total body
length with 20 chaetigers in total. The branchial
crown had five pairs of radioles with eight pinnules,
four pairs of compound eyes, and a pair of stylodes
at the base of the radioles (Fig. 4A). At 50 d, the
juveniles reached a total body length of
2.46�0.7 mm and had 25 chaetigers (Fig. 5A). At
this developmental stage, the branchial crown was
formed by six pairs of radioles still bearing four
pairs of compound eyes but having four pairs of
developing stylodes, among which the basal one
appeared longest (Fig. 4B). At this stage, the supe-
rior notochaetae appeared slender and narrowly
hooded (Fig. 5B), while the inferior notochaetae
were broadly hooded with knee up to twice as wide
as shaft (Fig. 5C). Abdominal chaetigers exhibited
only a few broadly hooded neurochaetae (Fig. 5D).
After about 2 months, worms had 40 chaetigers and
measured 5.35�0.3 mm in total body length. At this
stage, the branchial crown had from 10 to 13 pairs
of radioles, each with five pairs of compound eyes
and five pairs of stylodes of similar size (Fig. 4C).
Macrostylodes, one pair on each radiole, appeared

Fig. 2. Development in larvae of Branchiomma bairdi. A. Trochophore larva at 24 h after fertilization. B. Two-chaeti-
ger larva (72 h). C. Detail of narrowly hooded chaetae (arrows). D. Recently settled larva (96 h). E. Detail of the pros-
tomium showing rudiments of the collar and of the branchial filaments (arrows). F. Three-chaetiger larva (5 d).
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after worms reached 50 chaetigers (8�0.5 mm in
total body length) and the radioles had completely
formed, with 11 pairs of compound eyes and 11
pairs of stylodes (Fig. 4D). Starting from the base
of each radiole, the following formula is recogniz-
able: five pairs of microstylodes, one pair of
macrostylodes, and four pairs of microstylodes. At
75 d (60 chaetigers, and 22�1.1 mm in total body
length), the adult morphology was almost complete
with two pairs of macrostylodes, after every four or
five pairs of microstylodes. Observations on juvenile
growth stopped after about 3 months when the
worms reached 28�1.09 mm in total body length
and had 70 chaetigers. At this stage, the peristomial
eye spots disappeared.

The relationship between body length and number
of chaetigers was logarithmic and the correlation
between these variables was significant (r=0.77,
p<0.05). The number of chaetigers reached a plateau
at about 70 chaetigers when specimens were about
28 mm in total body length, after which they contin-
ued to grow without adding other segments
(Fig. 6A). There was a linear relationship between
body length and the width of the second and tenth
chaetigers, respectively, with significantly high corre-
lation values (r=0.96, p<0.05; r=0.95, p<0.05)

(Fig. 6B). The number of thoracic and abdominal
uncini increased exponentially with growth (Fig. 7).
The first chaetiger (collar segment) developed only
chaetae; the second chaetiger had 20 uncini when
the worm had 45 segments, and reached a final
number of about 90 uncini when the number of
body segments increased to about 70. The number
of uncini also decreased from the anterior-most
chaetigers (thoracic) to the posterior end of the
body (abdominal). A linear relationship was

Fig. 3. Juvenile of Branchiomma bairdi at 12-chaetiger
stage. A. Entire individual. B. Avicular thoracic uncini.
C. Thoracic notochaetae. D. Abdominal neurochaetae.

Fig. 4. Stylode development along the radiole in Bran-
chiomma bairdi. A. 42 d after fertilization. B. 50 d after
fertilization. C. 60 d after fertilization. D. 70 d after fertil-
ization.

Fig. 5. Juvenile of Branchiomma bairdi 25-chaetiger stage.
A. Entire individual B. Superior thoracic notochaetae.
C. Inferior thoracic notochaetae. D. Abdominal neu-
rochaetae.
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estimated between the number of uncini and the
width of chaetigers 2 and 10 (Fig. 8), with a maxi-
mum of 90 per torus at the thorax and 30 at the
abdomen at ~4 mm width.

Discussion

In accordance with previous observations by Tovar-
Hern�andez et al. (2011) and Tovar-Hern�andez &
Y�anez-Rivera (2012) of an eastern Pacific population
of Branchiomma bairdi, Mediterranean specimens from
the Ionian Sea were observed to be simultaneous her-
maphrodites, as also reported by Licciano et al. (2002)
for the co-occurring congener B. luctuosum.

Tovar-Hern�andez et al. (2011) also reported
intratubular fertilization, with brooding of eggs and
embryos attached to the body wall by mucus inside the
parental tube, although how individuals fertilize
the eggs is still unknown. Based on our observations,
the body of the worms removed from their tubes was
covered by a thick layer of mucus containing fertilized
eggs and spermatozoa. This suggests that in B. bairdi,
fertilization does not occur in the water column, but
instead takes place in the parental tube and probably
within the mucus, as occurs in Sabella spallanzanii
(Giangrande et al. 2000). We found that fertilized eggs
continued their development only when they remained
with adults, which continuously produced mucus, but
not when transferred into other tanks containing
freshly filtered seawater. Therefore, the presence of
mucus seems to play a role in protecting eggs of B.
bairdi. Other authors have noted that eggs of S. spal-
lanzanii are also released and fertilized in mucus (Sta-
bili et al. 2009), and in this species, all attempts to
achieve in vitro fertilization failed when eggs and

Fig. 6. Relationships among biometrical measurements in
Branchiomma bairdi. A. Body length–number of chaetigers
relationship. B. Body length and width of the second and
tenth chaetiger relationships (W, chaetiger width).

Fig. 7. Relationships between the number of chaetigers
and the number of uncini per torus. T, thoracic chaetiger;
A, abdominal chaetiger; Ai, abdominal chaetigers from
the intermediate body region; Ap, abdominal chaetigers
from the posterior body region.

Fig. 8. Relationships between the number of uncini per
torus and body width.
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sperms were combined in seawater. Besides the impor-
tance of mucus for egg fertilization and development,
however, it is worth mentioning that the presence of
adults in the jar where embryos and larvae developed
might also have favored larval survival and settlement.
As suggested by several studies on reproductive biol-
ogy and larval settlement behavior in gregarious sabel-
lids (Scheltema et al. 1981; Jensen & Morse 1984;
Pawlik 1988; Toonen & Pawlik 1996, 2001; Chan &
Walker 1998; Murray et al. 2011), chemical cues
released by conspecific adults are strongly involved in
larval settlement and metamorphosis and are key fac-
tors triggering gregarious settlement in polychaete lar-
vae (Callaway 2003). Moreover, gregarious settlement
behavior by larvae often leads to the formation of con-
specific adult aggregations (Burke 1986; Pawlik 1986;
Amieva et al. 1987; Murray et al. 2011). Accordingly,
in the Gulf of Taranto, B. bairdi is found in aggrega-
tions formed by 5–30 individuals including both juve-
niles and adults.

The described strategy of fertilization within the
tubes of adults in B. bairdi cannot be inferred from the
morphology of the spermatozoa, which have a spheri-
cal nucleus, rounded acrosome, four mitochondria, a
long flagellum (Tovar-Hern�andez et al. 2009a,b),
and correspond to the ect-aquasperm type of Jamieson
& Rouse (1989). It has been hypothesized that in
B. bairdi, spermatozoa could be released in the water
column and then filtered by conspecifics. However,
self-fertilization cannot be excluded (Tovar-Hern�andez
et al. 2011). The ect-aquasperm type is often associ-
ated with external fertilization (Rouse & Fitzhugh
1994), and was also described for B. luctuosum
(Licciano et al. 2002), Branchiomma lucullanum (DELLE

CHIAJE 1828) (Dragesco-Kern�eis 1980), Branchiomma
bombyx (DALYELL 1853) (Rouse 1999), and Bran-
chiomma nigromaculatum (BAIRD 1865) (Berrill 1977).
Among them, only members of B. luctuosum and
B. nigromaculatum are known to be free spawners
with external fertilization (Berrill 1977; Licciano et al.
2002), while members of B. lucullanum, and probably
also B. bombyx, are extratubular brooders (Dragesco-
Kern�eis 1980; Rouse 1999). Therefore, the ect-aqua-
sperm morphology is characteristic in all investigated
Branchiomma species, even in those with different fer-
tilization strategies, thus supporting the suggestion by
Rouse (2005) that the structure of sperm alone cannot
be used to infer the fertilization biology of a taxon.
The presence of ect-aquasperm type could be explained
by the presence in the genus Branchiomma of simulta-
neous hermaphroditism and the absence of specialized
organs for sperm storage.

It is well known that reproductive mode is corre-
lated with worm body size, with small-bodied

species tending to be intratubular brooders with
direct development, whereas large worms are broad-
cast spawners with direct development (Schroeder &
Hermans 1975; McEuen et al. 1983; Rouse & Fitz-
hugh 1994; Giangrande 1997). This trend is present
within Sabellidae as well, even though they are con-
strained in having lecithotrophic development.
Within the genus Branchiomma, individuals of B.
luctuosum and B. nigromaculatum are large-bodied
broadcast spawners with external fertilization and
pelagic larval phase (Berrill 1977; Licciano et al.
2002), while individuals of B. lucullanum are small-
bodied extratubular brooders, with developing lar-
vae held in a jelly mass around the tube opening
(Dragesco-Kern�eis 1980). In comparison to the spe-
cies mentioned above, B. bairdi can be defined as an
intermediate- or large-sized sabellid, and it is
reported as an intratubular brooder by Tovar-
Hern�andez et al. (2011) and Arias et al. (2013).
Therefore, the reproductive strategy in B. bairdi
seems not to be correlated with size. We removed
worms from their tubes for experimental observa-
tions and did not observe intratubular brooding,
but it must be stressed that only the early stages of
development remained embedded in the mucus, and
the subsequent development included a very short
pelagic larval phase (3 d). Moreover, Tovar-Hern�an-
dez et al. (2011) and Arias et al. (2013) also
reported that the earlier stages of development (until
metatrochophora) were brooded and glued to the
body segments by means of mucus, although they
do not provide data on subsequent developmental
stages. As suggested by Tovar-Hern�andez et al.
(2011), brooding could have some advantages when
compared to free-spawning, such as physical protec-
tion from a number of benthic predators and stable
chemical environment created by the mucus. Thus,
brooding in B. bairdi is devoted to the physical pro-
tection of the early developmental stages without
excluding the presence of a dispersive stage, similar
to B. luctuosum (Licciano et al. 2002).

Based on our results, the mature eggs from individ-
uals of B. bairdi from the Mediterranean had a mean
diameter (150 lm) greater than eggs recorded from
both Pacific and Maltese populations (110 lm)
(Tovar-Hern�andez et al. 2011; Arias et al. 2013). As
previous available information on B. bairdi deals only
with the earlier larval stages until metatrochophora,
no comparison of our developmental data with those
from Pacific and Maltese populations is possible.
Among other sabellids, larvae of B. bairdi and B. luc-
tuosum have the shortest pelagic period, as a pelagic
period of 15 d has been reported for S. spallanzanii,
9 d for Megalomma vesiculosum (MONTAGU 1815)
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(Wilson 1936), 7 d for Myxicola infundibulum
(RENIER, in Meneghini 1847) (Dean et al. 1987), and
6 d for B. nigromaculatum (Berrill 1977).

Some taxonomic considerations can be inferred
from post-larval growth observations. The examina-
tion of the thoracic chaetae in juveniles allowed to
describe a different morphology from the adult
ones. This is of particular interest and corroborates
the transformation series of chaetal forms hypothe-
sized by Fitzhugh (1989) in his study on sabellid
phylogeny. According to this author, the broadly
hooded inferior thoracic notochaetae present in the
Branchiomma clade appear as the apomorphic con-
dition derived from the paleate chatae. The presence
of thoracic paleate notochatae in B. bairdi juveniles
reflects the phylogenetic relationship existing
between the distinct taxa of the family Sabellidae.

The morphology of abdominal and thoracic uncini
(avicular uncini with three rows of teeth above the
main fang) is similar in juveniles and adults. This fea-
ture is particularly useful as it may prevent possible
misidentifications with Branchiomma boholense
(GRUBE 1878), where only a single large tooth is pre-
sent over the main fang, even at early developmental
stages. Indeed, as stated by several authors, in the
past, B. bairdi could have been misidentified as B.
boholense (Giangrande et al. 2012; Arias et al. 2013),
and according to Tovar-Hern�andez et al. (2009b,
2011), the shape and number of teeth in thoracic
uncini are one of the main diagnostic features to dif-
ferentiate these two related species. Another impor-
tant diagnostic feature useful to distinguish between
B. bairdi and B. boholense is the shape of the
macrostylodes (Tovar-Hern�andez & Knight-Jones
2006; Tovar-Hern�andez et al. 2009b, 2011), which in
B. bairdi are strap-like (also reported by Arias [2013]
for the Maltese population), while in B. boholense
they are tongue-like. Moreover, in B. boholense,
macrostylodes differ significantly from all the other
stylodes, contrary to what is observed in B. bairdi.
The morphology of stylodes in B. bairdi remained
quite similar during the juveniles’ growth. Stylodes
first appeared associated with compound eyes at the
base of the radioles when juveniles were at the 20-
chaetiger stage, and measured 1.4�0.2 mm in total
length. When four pairs of stylodes were detected
(25-chaetiger stage), the most basal one was longer,
probably because the others were still growing.
Indeed, with increasing body length and number of
chaetigers, all the stylodes showed a similar length.
Macrostylodes (one pair on each radiole) were not
recognizable until about the 50-chaetiger stage
(8�0.5 mm in body length). Our observations stopped
at the 60-chaetiger stage (22�1.1 mm in total length)

when the adult morphology was almost complete, with
two pairs of macrostylodes alternating with every 4–5
pairs of microstylodes on each radiole.

The number of uncini per torus increases with
worm growth; this feature is also correlated with
width of the worms that further increases even when
posterior segment addition drastically slowed. Indeed,
as also observed by Parapar et al. (1993) in Eunice vit-
tata (DELLE CHIAJE 1828), in B. bairdi initial growth is
the result of an increase in number of chaetigers, but
afterwards growth is mainly due to the enlargement
of the chaetigers in length and width, with increase in
width prevailing in final stages.

In conclusion, the information on the life cycle
and reproduction of B. bairdi can explain the inva-
sive potential of this species. In Mediterranean
areas, B. bairdi colonizes unstable environments,
where population size may fluctuate dramatically
from year to year. The life-history traits of B. bairdi
such as fast growth, early maturity, hermaphroditic
habit, and short larval period may allow this species
to build up very dense populations rapidly, even
from a few settling larvae, as already suggested for
B. luctuosum (Licciano et al. 2002). Moreover, the
short larval period could also be a winning strategy
in the competition for space with co-occurring sabel-
lids, including other alien species such as B. luctuo-
sum and the autochthonous S. spallanzanii
(Giangrande et al. 2014). Tovar-Hern�andez et al.
(2009a,b) mentioned shipping and aquaculture as
vectors in the Gulf of California but did not clarify
whether introduction occurs as adults or as larvae.
However, as the pelagic larval phase in individuals
of B. bairdi is very short (3 d), it could be hypothe-
sized that the species’ dispersion, as for other spe-
cies, should be mainly linked to the accidental
transport of adults as hull fouling rather than larvae
in ballast water. Guidelines and effective regulations
for cleaning and maintenance practices of vessels
and movable immersed parts in harbors and mari-
nas should be promoted, as well as sanitary pre-
scriptions for the commerce of shellfish and other
restocking shipments in mariculture trade.

Acknowledgments. The authors thank Dr. Yasmin Dav-
ila Jimennez (El Colegio de la Frontera Sur, Unidad
Chetumal, Quintana Roo, M�exico) for her contribution
to sample collection and manipulation.

References

Amieva MR, Reed CG, & Pawlik JR 1987. Ultrastructure
and behavior of the larva of Phragmatopoma californica
(Polychaeta, Sabellariidae): identification of sensory

Invertebrate Biology
vol. x, no. x, xxx 2017

8 Del Pasqua, Lezzi, Licciano, & Giangrande



organs potentially involved in substrate selection. Mar.
Biol. 95(2): 259–266.

Arias A, Giangrande A, Gambi MC, & Anadon N 2013.
Biology and new records of the invasive species Bran-
chiomma bairdi (Annelida: Sabellidae) in the Mediter-
ranean Sea. Mediterr. Mar. Sci. 14(1): 162–171.

Berrill NJ 1977. Functional morphology and development
of segmental inversion in sabellid polychaetes. Biol.
Bull. 153(3): 453–467.

Bick A 1996. Reproduction and larval development of
Manayunkia aestuarina (Bourne, 1883) (Polychaeta,
Sabellidae) in a coastal region of the southern Baltic.
Helgolander. Meeresun. 50(2): 287–298.

Burke RD 1986. Pherormones and the gregarious settle-
ment of marine invertebrate larvae. B. Mar. Sci. 39(2):
323–331.

Callaway R 2003. Juveniles stick to adults: recruitment of
the tube-dwelling polychaete Lanice conchilega (Pallas,
1766). Hydrobiologia 503(1–3): 121–130.

Chan ALC & Walker G 1998. The settlement of Poma-
toceros lamarckii larvae (Polychaeta: Sabellida: Ser-
pulidae): a laboratory study. Biofouling 12(1–3): 71–
80.

Dean SR, Chapman M, & Chapman CS 1987. Reproduc-
tion and development of the sabellid polychaete Myxi-
cola infundibulum. J. Mar. Biol. Assoc. U.K. 67(2):
431–439.

Dragesco-Kern�eis A 1980. Phototaxy in Dasychone lucul-
lana (Delle Chiaje). Cah. Biol. Mar. 21(4): 467–478.

Fitzhugh K 1989. A systematic revision of the Sabellidae-
Caobangiidae-Sabellongidae Complex (Annelida, Poly-
chaeta). B. Am. Mus. Nat. Hist. 192: 4–104.

Gambi MC, Giangrande A, & Patti FP 2000. Compara-
tive observations on reproductive biology of four spe-
cies of Perkinsiana (Polychaeta, Sabellidae). B. Mar.
Sci. 67(1): 299–309.

Gambi MC, Patti FP, Micaletto G, & Giangrande A
2001. Diversity of reproductive features in some antarc-
tic polynoid and sabellid polychaetes, with the descrip-
tion of Demonax polarsterni sp n. (Polychaeta,
Sabellidae). Polar. Biol. 24(12): 883–891.

Giangrande A 1997. Polychaete reproductive patterns, life
cycle and life histories: an overview. Oceangr. Mar.
Biol. 35: 323–386.

Giangrande A, Licciano M, Pagliara P, & Gambi MC
2000. Gametogenesis and larval development in Sabella
spallanzanii (Polychaeta: Sabellidae) from the Mediter-
ranean Sea. Mar. Biol. 136(5): 847–861.

Giangrande A, Cosentino A, Lo Presti C, & Licciano M
2012. Sabellidae from the Faro coastal Lake (Messina,
Ionian Sea), with the first record of the invasive species
Branchiomma bairdi along the Italian coast. Mediterr.
Mar. Sci. 13(2): 283–293.

Giangrande A, Licciano M, Lezzi M, Pierri C, Caruso
LPG, & Stabili L 2014. Allochtonous Branchiomma
species (anellida, Sabellidae) in the Mediterranean Sea.
A case of study in the Mar Grande of Taranto. Biol.
Mar. Medit. 21(1): 93–96.

Guillard RRL & Ryther JH 1962. Studies on marine
planktonic diatoms. I. CycloteIla nana Hustedt and
Detonula confervacae (Cleve). Can. J. Microbiol. 8:
229–239.

Hsieh HL 1997. Self-fertilization: a potential fertilization
mode in an estuarine sabellid polychaete. Mar. Ecol.
Prog. Ser. 147(1–3): 143–148.

Jamieson BGM & Rouse GW 1989. The spermatozoa of
the Polychaeta (Annelida)–An ultrastructural review.
Biol. Rev. Camb. Philos. 64(2): 93–157.

Jensen RA & Morse DE 1984. Intraspecific facilitation of
larval recruitment: gregarious settlement of the poly-
chaete Phragmatopoda californica (Fewkes). J. Exp.
Mar. Biol. Ecol. 83(2): 107–126.

Keppel E, Tovar-Hern�andez MA, & Ruiz G 2015. First
record and establishment of Branchiomma coheni (Poly-
chaeta: Sabellidae) in the Atlantic Ocean and review of
non-indigenous species of the genus. Zootaxa 4058(4):
499–518.

Knight-Jones P & Bowden N 1984. Incubation and scissi-
parity in Sabellidae (Polychaeta). J. Mar. Biol. Assoc.
U. K. 64(4): 809–818.

Lezzi M 2016. Studies on macrofouling succession in the
Mar Grande of Taranto with emphasis on alien species.
PhD thesis, University of Salento, Lecce, Italy. 145 pp.

Lezzi M, Mastrototaro F, Chimienti G, Pierri C, Cardone
F, & Giangrande A 2014. Influence of alien species on
fouling successional pattern in the Mar Grande of Tar-
anto: preliminary data. Biol. Mar. Medit. 21(1): 97–
100.

Lezzi M, Del Pasqua M, Pierri C, & Giangrande A 2016.
Settlement and population dynamics of the alien inva-
sive Branchiomma bairdi (Annelida: Sabellidae) in the
Mediterranean Sea: two years of observations in the
Gulf of Taranto (Italy). Mar. Biol. Res. 12(8): 830–841.

Licciano M, Giangrande A, & Gambi MC 2002. Repro-
duction and simultaneous hermaphroditism in Bran-
chiomma luctuosum (Polychaeta, Sabellidae) from the
Mediterranean Sea. Invertebr. Biol. 121(1): 55–65.

McEuen FS, Wu BL, & Chia FS 1983. Reproduction and
development of Sabella media, a sabellid polychaete
with extratubular brooding. Mar. Biol. 76(3): 301–309.

Murray JM, Watson GJ, Giangrande A, Bentley MG, &
Farrell P 2011. Reproductive biology and population
ecology of the marine fan worm Sabella pavonina (Savi-
gny) (Polychaeta: Sabellidae). Invertebr. Reprod. Dev.
55(3): 183–196.

Parapar J, Freire J, Urgorri V, & Besteiro C 1993. Mor-
phological variability in Eunice vittata (Chiaje, 1828)
(Polychaeta; Eunicidae) in the R�ıa de Ferrol (Galicia,
NW Spain). Ophelia 37(2): 117–125.

Patti FP, Gambi MC, & Giangrande A 2003. Preliminary
study on the systematic relationships of Sabellinae
(Polychaeta, Sabellidae), based on the C1 domain of
the 28S rDNA, with discussion of reproductive fea-
tures. Ital. J. Zool. 70(3): 269–278.

Pawlik JR 1986. Chemical induction of larval settlement
and metamorphosis in the reef-building tube worm

Invertebrate Biology
vol. x, no. x, xxx 2017

Development of Mediterranean Branchiomma bairdi 9



Phragmatopoma californica (Sabellariidae, Polychaeta).
Mar. Biol. 91(1): 59–68.

———— 1988. Larval settlement and metamorphosis of
two gregarious sabellariid polychaetes: Sabellaria alveo-
lata compared with Phragmatopoma californica. J. Mar.
Biol. Assoc. U.K. 68(1): 101–124.

Rouse GW 1999. Polychaete sperm: phylogenetic and
functional considerations. Hydrobiologia 402: 215–224.

———— 2001. Palpata, Canalipalpata. In: Polychaetes.
Rouse GW & Pleijel F, eds., pp. 183–295. Oxford
University Press, Oxford.

———— 2005. Annelid sperm and fertilization biology.
Hydrobiologia 535: 167–178.

Rouse GW & Fitzhugh K 1994. Broadcasting fables–Is
external fertilization really primitive–Sex, size, and lar-
vae in sabellid polychaetes. Zool. Scr. 23(4): 271–312.

Rouse GW & Gambi MC 1998a. Sperm ultrastructure
and spermathecal structure in Amphiglena spp. (Poly-
chaeta: Sabellidae). Invertebr. Biol. 117(2): 114–122.

———— 1998b. Evolution of reproductive features and lar-
val development in the genus Amphiglena (Polychaeta:
Sabellidae). Mar. Biol. 131(4): 743–753.

Rouse GW & Jamieson BGM 1987. An ultrastructural-
study of the spermatozoa of the polychaetes Eurythoe-
complanata (Amphinomidae), Clymenella sp. and
Micromaldane sp. (Maldanidae), with definition of
sperm types in relation to reproductive-biology. J. Sub-
micr. Cytol. Path. 19(4): 573–584.

Scheltema RS, Williams IP, Shaw MA, & Loudon C
1981. Gregarious settlement by the larvae of Hydroides
dianthus (Polychaeta: Serpulidae). Mar. Ecol. Prog. Ser.
5(1): 69–74.

Schroeder PC & Hermans CO 1975. Annelida: Poly-
chaeta. In: Reproduction of Marine Invertebrates, Vol.
3. Annelids and echiurans. Geise AC & Pearse JS, eds.,
pp. 1–213. Academic Press, London.

Stabili L, Schirosi R, Licciano M, & Giangrande A 2009.
The mucus of Sabella spallanzanii (Annelida, Poly-
chaeta): its involvement in chemical defence and

fertilization success. J. Exp. Mar. Biol. Ecol. 374(2):
144–149.

Stabili L, Licciano M, Lezzi M, & Giangrande A 2014.
Microbiological accumulation by the Mediterranean
invasive alien species Branchiomma bairdi (Annelida,
Sabellidae): potential tool for bioremediation. Mar.
Pollut. Bull. 86(1–2): 325–331.

Toonen RJ & Pawlik JR 1996. Settlement of the tube
worm Hydroides dianthus (Polychaeta: Serpulidae): cues
for gregarious settlement. Mar. Biol. 126(4): 725–733.

———— 2001. Settlement of the gregarious tube worm
Hydroides dianthus (Polychaeta: Seroulidae). I. Gregari-
ous and nongregarious settlement. Mar. Ecol. Prog.
Ser. 224: 103–114.

Tovar-Hern�andez MA & Knight-Jones P 2006. Species of
Branchiomma (Polychaeta: Sabellidae) from the Carib-
bean Sea and Pacific coast of Panama. Zootaxa 1189:
1–37.

Tovar-Hern�andez MA & Y�anez-Rivera B 2012. Ficha
t�ecnica y an�alisis de riesgo de Branchiomma bairdi
(McIntosh, 1885) (Polychaeta: Sabellidae). In: Inverte-
brados marinos ex�oticos en el Pacifico mexicano. Low
Pfeng AM & Peters Recagno EM, eds., pp. 167–190.
Geomare, AC, INESEMARNAT, M�exico.

Tovar-Hern�andez MA, M�endez N, & Salgado-Barrag�an J
2009a. Branchiomma bairdi: a Caribbean hermaphrodite
fan worm in the south-eastern Gulf of California (Poly-
chaeta: Sabellidae). Mar. Biodivers. Rec. 2: e43.

Tovar-Hern�andez MA, M�endez N, & Villalobos-Guerrero
TF 2009b. Fouling polychaetes worms from the south-
ern Gulf of California: Sabellidae and Serpulidae. Syst.
Biodivers. 7(3): 319–336.

Tovar-Hern�andez MA, Y�anez-Rivera B, & Bortolini-
Rosales JL 2011. Reproduction of the invasive worm
Branchiomma bairdi (Polychaeta: Sabellidae). Mar.
Biol. Res. 7(7): 710–718.

Wilson DP 1936. The development of the sabellid Bran-
chiomma vesiculosum. Q. J. Microsc. Sci. 78(312): 543–
603.

Invertebrate Biology
vol. x, no. x, xxx 2017

10 Del Pasqua, Lezzi, Licciano, & Giangrande


