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Abstract: New surveys on the Brazilian tropical coast revealed new occurrences of five
species in Styelidae (Stolonia sabulosa, Amphicarpa paucigonas, Polyandrocarpa anguinea Poly-
carpa insulsa, Styela plicata) and one in Molgulidae (Molgula davidi). The species here
described represent either the expansion of their geographic distribution in the country
or new records for the country. Some of these species have disjunct or wide geographical
distributions, and the possibility of their introduction as exotic fauna is discussed. We also
present the first field pictures of Stolonia sabulosa and Amphicarpa paucigonas and a detailed
description and figures for all species.
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1. Introduction

The currently known biodiversity of Stolidobranchia in Brazil comprises 28 species in
Styelidae, 9 species in Pyuridae, and 9 species in Molgulidae [1]. Here, we present six new
occurrences from Espirito Santo and Bahia, states located on the central tropical coast of the
country. This region presents many habitats favorable to the growth of ascidians, namely
shallow reefs fringing the coast, a high concentration of rhodoliths, and small islands close
to the shore [2,3], and the presence of international ports, recreational marinas, and artificial
reefs suggest the high potential for receiving exotic species.

Very few studies have accounted for the stolidobranch ascidians in this region [4-6],
with the following species listed in Styelidae (20): Botrylloides giganteus (Péres, 1949),
Botrylloides niger Herdman, 1886, Botryllus planus (Van Name, 1902), Botryllus schlosseri
(Pallas, 1766), Botryllus tabori Rodrigues, 1962, Botryllus tuberatus Ritter and Forsyth, 1917,
Symplegma brakenhielmi (Michaelsen, 1904), Symplegma rubra Monniot, 1972, Monandrocarpa
stolonifera Monniot, 1970, Eusynstyela tincta (Van Name, 1902), Polyandrocarpa anguinea
(Sluiter, 1898), Polyandrocarpa zorritensis (Van Name, 1931), Polycarpa arnoldi (Michaelsen,
1914), Polycarpa foresti Monniot, 1970, Polycarpa cf. reviviscens Monniot and Monniot, 2001,
Polycarpa spongiabilis Traustedt, 1883, Polycarpa tumida Heller, 1878, Styela canopus (Savigny,
1816), Styela plicata (Lesueur, 1823), Cnemidocarpa irene (Hartmeyer, 1906). In addition, the
following is listed in Molgulidae (1): Molgula salvadori Monniot, 1970. All the species here
reported represent either new reports for one of the two states or the country.

2. Materials and Methods

The samples were collected between 2011 and 2017 (with a few older samples) from
natural and artificial substrates in very shallow sites by free diving or from deeper reefs by
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autonomous diving. The collection sites in Bahia and Espirito Santo are described in Table 1.
The samples were anesthetized with menthol and preserved in 4% formalin. The specimens
were dissected and stained with Harris hematoxylin and observed under a stereoscopic
microscope following routine methods [7].

Table 1. Collection sites in Bahia and Espirito Santo, Brazil.

Locality State Coordinates Description

Boiao da Barra Bahia 13°00'32" S, 8°32/19" W Reef 10-20 m deep located in the entrance of the
large bay. Although it is a natural reef, it can be
impacted by the high traffic of ships entering the
bay to reach the Port of Salvador.

Naufragio Ponta  Bahia 13°0'43" S, 38°31'26" W Very shallow wreck (3—4 m) spread across a

do Cristo sandy substrate.

Terminal Ndutico Bahia 12°58'21" S, 38°30'56” W Public marina with 2 main floating docks very

de Salvador close to the Port of Salvador.

Quebramar Sul Bahia 12°58/24" S, 38°31/04" W Breakwater south of the Port of Salvador and the
Terminal Ndutico, made of large granite
boulders, 6-13 m deep.

Bahia Marina Bahia 12°58/37" S, 38°31'14" W Private marina with four floating docks,
protected by a breakwater similar to Quebramar
Sul, where the sampling was performed.

Marina Pier Bahia 12°54'44" S, 38°29'28" W Private marina with one long floating dock.

Salvador
Ilha Escalvada

Naufragio
Victory 8B

Ilha Rasa de
Terra

Espirito Santo

Espfirito Santo

Espirito Santo

Brackish and murky water.

Island surrounded by rocky walls and boulders,
reaching 25 m deep. It is 10 km from the coast.
Wreck at 18-34 m deep, about 2 km from Ilha
Escalvada. The 90 m long ship was cleaned and
submerged in 2003 as an artificial reef for diving.
Island surrounded by rocky walls and boulders,
reaching 15 m deep. It is 8 km from the coast.

20°41'55" S, 40°24'21" W

20°41'23" S, 40°23/24"” W

20°4031.9” S, 40°22/1.03" W

3. Results

Family STYELIDAE Sluiter, 1895

Genus Stolonica Lacaze-Duthiers and Delage, 1892
Stolonica sabulosa Monniot, C., 1972

(Figures 1 and 2, Table 2)

Material examined: DZUP STO-01 01 colony, Escalvada Island, Guarapari, Espirito Santo,
20°42'00" S, 40°24’30” W, 10 m, Col. R. M. Rocha, 26.01.2012.

The only colony found was 7.0 cm long and was formed by zooids joined by stolons,
placed close to each other but mixed with algae and bryozoans. The tunic is smooth and
thin but resistant, with little impregnation of sand. The color is orange, especially around
the siphons (Figure 1A), but acquires a brown color after fixation. Both siphons are apical
and short, with four lobes.

The zooids are 6.5 mm long including the siphons. The body wall is dark brown, thin,
and delicate. There are numerous very thin muscular fibers radiating from the oral and
atrial siphons and the intersiphonal region. There are 24 simple, thick oral tentacles of three
sizes. The prepharyngeal groove does not have any projections, and the peritubercular area
is small (Figures 1B and 2A) around a very small (0.1 mm in diameter) dorsal tubercle with
a narrow vertical opening. The dorsal lamina is a continuous membrane with a smooth
margin, wider in the posterior region, and passes along the left side of the opening of the
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esophagus. The pharynx has between 21 and 23 rows of stigmata and 2 or 3 stigmata per
mesh. There are only three folds, distant from each other, on each side of the pharynx
(Figure 1C). The arrangement of the longitudinal blood vessels, from the right to the left
side of the body;, is as follows: E 5 (10) 5 (10) 6 (12) 7 DL 2 (8) 5 (13) 6 (7) 3 E. There are
parastigmatic vessels.

Figure 1. Stolonica sabulosa Monniot C., 1972. (A) Living colony. (B) The oral siphon region, dis-
sected and stained, highlighting the oral tentacles. (C) Pharynx. (D) Open zooid with the pharynx
removed. (E) Gonads (right side). (F) Male gonads (left side). (G) Larva. Scale bars: (B,G) 1.0 mm;
(C,E,F) 2.0 mm; (D) 3.0 mm.

Table 2. Tabular key for the identification of the species here described.

1 2 3 4 5 6 7 Species

C S P R L R P Stolonica sabulosa Monniot C., 1972

C S P B LR R 0 Amphicarpa paucigonas Monniot and Monniot, 1984
C S 0 B 0 S 0 Polyandrocarpa anguinea (Sluiter, 1898)

S S p B 0 S 0 Polycarpa insulsa (Sluiter, 1898)

S S P B 0 L 0 Styela plicata (Lesueur, 1823)

S B 0 B 0 R 0 Molgula davidi Monniot C., 1972

1—Life mode: C—colonial, S—solitary. 2—Oral tentacles: S—simple, B—branched. 3—Endocarps on the
body wall: P—present, 0—absent. 4—Hermaphroditic gonads: B—both sides, R—right side only. 5—Male
gonads: L—left side, R—right side, 0—absent. 6—Shape of ovaries: L—long tubes, R—round, S—short and oval.
7—Incubation of larvae: P—present, 0—absent.
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Figure 2. Stolonica sabulosa Monniot C., 1972. (A) Open zooid with the pharynx removed. (B) Larva.
AS—atrial siphon, EN—endocarp, FG—female gonad, MG—male gonad, OT—oral tentacles,
ST—stomach. Scale bars: (A) 4.0 mm; (B) 1.0 mm.

The esophagus is short and curved. The stomach is horizontal and ovoid, and has
22-24 parallel longitudinal folds, but no cecum was observed. The gut is isodiametric
and only forms a very narrow primary loop. The anus is bilobed, and it is anterior to the
intestinal loop (Figures 1D and 2A). The atrial siphon has a crown of short tentacles at
the base.

Aligned to the ventral margin on the right side, there are seven multilobed testicular
follicles located very close to each other, with long sperm ducts (Figure 1E). There are also
five ovaries, including 1-2 large and 1-2 smaller oocytes associated with the most posterior
testis (Figure 2A). On the left ventral margin, there are only two multilobed testicular
follicles, anterior to the intestinal loop (Figure 1F). Bulky endocarps of various sizes project
from the body wall (Figure 2A). Some zooids have 1-3 spherical eggs incubated in the atrial
cavity on the right side, as well as larvae with an ovoid 1.0 mm long trunk and a short
tail of the same size. The larvae have two rounded adhesive papillae supported by short
peduncles (Figures 1G and 2B).

Remarks. Stolonica sabulosa Monniot, 1972, was described from a single colony found in
Bermuda [8]. After some time, Claude Monniot described samples collected in the Abrolhos
region at 15-24 m [9]. He attributed them to this species, as well as material collected
on the coast of Piauf at 35 m and described by Millar under the name Polyandrocarpa
(Monandrocarpa) stolonifera [10]. The zooids from Bermuda were longer (2 cm) and had
round and not lobed testicles, but C. Monniot interpreted this morphology as a non-mature
gonad [8], and the Abrolhos zooids had both morphologies. Given that the same author
studied both samples and decided that they belonged to the same species, despite the small
differences, the long geographic distance, and the few samples available, we decided to
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maintain this identification for our material. Although Monniot mentions a small cecum
is his descriptions [8,9], we could not find one in the Brazilian sample. Two other species
found in the Atlantic Ocean are S. socialis Hartmeyer, 1903, and S. conglutinata Sluiter,
1915. Stolonica socialis is found in Ireland, England, the English Channel, Belgium, and the
Mediterranean (Spain). It has a third line of gonads along the intestine, which are male and
in a rosette shape, which is not present in S. sabulosa [11]. The species S. conglutinata from
the African coast also has lobed testicular follicles, but the anus is also deeply divided into
six lobes, and there are approximately 14 testes with very short sperm ducts on both sides
of the endostyle and a row of additional follicles near the intestine [12].

In the Pacific Ocean, some species of Stolonica also have multilobed testicular follicles.
S. truncata Kott, 1972, differs from S. sabulosa by having a stomach with 36 longitudinal
folds, the presence of 16 testes on the right and 4 on the left side, and 4 ovaries overlapping
the testicles [13]. The species S. reducta (Sluiter, 1904) has only 12 rows of stigmata, a
stomach with 20 longitudinal folds, and a curved gastric cecum, and most testes are ovoid
with very short sperm ducts [13]. The species S. vesicularis Van Name, 1918, has 11 rows of
stigmata, a rather short stomach with 14 longitudinal folds, and 9 slightly lobed testicular
follicles on the right side, with relatively short sperm ducts [13].

Distribution: Bermuda [8], Florida [14], Brazil: Piaui? [10], Bahia [9], and Espirito
Santo (present study).

Genus Amphicarpa Michaelsen, 1922
Amphicarpa paucigonas Monniot and Monniot, 1984
(Figures 3 and 4, Table 2)

Material examined: DZUP AMP-05, AMP-11 Ilha Escalvada, Guarapari, Espirito
Santo, 20°41'55” S, 40°24'21” W, 10 m, Col. R. M. Rocha, 28 and 30.03.2017; DZUP AMP-01
Naufragio Victory 8B, Guarapari, Espirito Santo, 20°41'23" S, 40°23/24” W, 22 m, Col.
R. Rocha, 12.02.2011; DZUP AMP-02 Naufragio Victory 8B, Guarapari, Espirito Santo,
20°41'23" S, 40°23/24” W, 20 m, Col. R. M. Rocha, 26.01.2012; DZUP AMP-06, AMP-07
Ilha Rasa de Terra, Guarapari, Espirito Santo, 20°40'31.9” S, 40°22'1.03” W, 15 m, Col. R.
M. Rocha, 27.03.2017; DZUP AMP-3, AMP-4 Boiao da Barra, Salvador, Bahia 13°00'32"' S,
8°32/19” W, 14 m, Col. R. M. Rocha, 12.12.2007; DZUP AMP-10, Naufrégio Ponta do Cristo
Salvador, Bahia, 13°0'43" S, 38°31'26" W, 3-4 m, Col. R. M. Rocha, 13.12.2007.

The colonies have zooids close together, united by stolons, that cover large areas > 50 cm
in diameter. Many colonies were found on shipwrecks and a few on rocky substrates. The
colonies were completely covered by fine sediment or sand, forming a dark background,
where both apical siphons are visible because of the white lining interrupted by four
longitudinal black lines (Figure 3A). The tunic is thin and resistant, a little wrinkled, and
light brown.

The zooids are between 5 and 6 mm long. The body wall is thin and delicate, with
an opaque brown color. The muscle fibers are very thin and dense, forming a layer of
longitudinal and transverse musculature. There are 23-28 simple oral tentacles, enrolled
anteriorly in four orders of size along a conspicuous muscle ring (Figures 3B,C and 4A).
A membrane velum covers half the length of the oral siphon anterior to the line of oral
tentacles. The prepharyngeal area is wide and without any papillae. The prepharyngeal
groove, which is simple and without projections, forms a V around the peritubercular area
(Figures 3B,C and 4A). The dorsal tubercle is large and occupies the distance between the
oral tentacles and the prepharyngeal groove (approximately 0.5 mm), with an elongated
vertical opening. The neural ganglion is round, and the neural gland is voluminous,
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appearing on both sides of the ganglion and interrupting the first row of stigmata on
both sides.

"
Figure 3. Amphicarpa paucigonas Monniot and Monniot, 1984. (A) Colony on the Victory 8B shipwreck.
(B) Dissected and stained zooid with the pharynx exposed. (C) Dissected zooid with the pharynx

removed. (D) Gut with part of the stomach removed. (E) Gonads (right side). (F) Gonads (left side).
Scale bars: (B,C) 2.0 mm; (D,E,F) 1.0 mm.

The dorsal lamina is simple with uniform width throughout its length, passing the
right side of the esophagus till the end of the pharynx. The pharynx has 15-16 rows
of stigmata and 3—4 very long stigmata per mesh crossed by parastigmatic vessels. The
number and organization of the pharyngeal folds vary among the zooids. There can be
three or four folds, some of them very flat and marked by the closeness of the longitudinal
vessels, and some may disappear on the posterior half of the pharynx (Figure 3B). The
arrangement of the longitudinal vessels, from the right to the left side of the body, in
three different zooids is as follows:

E6(7)3(7)4(9)2DL3(12)6(8)2(4)0E

E7(6)3(2)7(6)4DL1(7)3(8)3(5)4(6)0E

E0(5)2(10)3(5)3(10)0DL0(12)2(12)3(5) 0 E

The abdomen is loosely attached to the body wall by thin filaments. The esophagus is
long and broad. The stomach is ovoid and has 13-14 internal parallel longitudinal folds.
In the pyloric region, there is a curved gastric cecum (Figures 3D and 4B). The primary
intestinal loop is quite closed, approaching the intestine to the stomach in a horizontal
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position. The intestine has a wide diameter, narrowing very close to the anus. The anus is
bilobed and is located at the same height as the intestinal loop when there is no secondary
intestinal loop (Figure 3D); but in some zooids, the intestine bends anteriorly and the anus
is close to the atrial siphon. The atrial siphon has a crown of small tentacles at its base
(Figure 4A).

= Q=

Figure 4. Amphicarpa paucigonas Monniot and Monniot, 1984. (A) Dissected zooid without the
pharynx. (B) Detail of the stomach with the gastric cecum. (C) Three hermaphroditic gonads.
AS—atrial siphon, CE—cecum, EN—endocarp, FG—female gonad, MG—male gonad, OT—oral
tentacles, ST—stomach. Scale bars: (A) 3.0 mm; (B) 1.0 mm; (C) 0.2 mm.

The gonads are present on both sides, but the number varies among the zooids. We
counted, at most, 13-14 hermaphroditic gonads on the right side but usually 5-6 in a line
parallel to the endostyle. In one zooid, there are another four male gonads located far
posteriorly on the right side. On the left side, there are, at most, 15 hermaphroditic gonads,
and they are anterior to the gut, with another 6 to 8 male gonads more or less hidden by
the gut (Figures 3E,F and 4C).

Numerous endocarps of various sizes, but usually larger than the gonads, are on the
body wall. Inserted into the intestinal loop is a single, voluminous ovoid-shaped endocarp
(Figure 4A).
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Remarks. There is a dispute about the diagnostic characteristics of the genera Stolonica
and Amphicarpa because of the large phenotypic variation, and identification is based
mostly on the mature gonads’ pattern and morphology, characteristics that are not always
available [14,15]. The Register of Marine Species shows all species of Amphicarpa, but
A. duploplicata (Sluiter, 1913) is used as a synonym of Stolonica without any literature to
support this decision [16]. Without a detailed genetic analysis, it is almost impossible to
evaluate the status of these two genera, and we will maintain the classification proposed
for the species in the literature. This is the first record of the genus Amphicarpa on the
Brazilian coast, and A. paucigonas is the only species found in the Atlantic Ocean. The
main characteristics to distinguish this species are the white siphons in living colonies, the
large dorsal tubercle with a vertical aperture and a large neural gland, the stomach with
13-14 folds and a conspicuous curved cecum, and the presence of 5-8 male gonads in an
area covered by the gut in ventrally dissected animals. Brazilian zooids have more variable
pharyngeal fold patterns with more longitudinal vessels and a larger number of gonads
than Caribbean colonies [9].

Distribution. Martinique [9,17] and Brazil: Bahia and Espirito Santo (present study).

Genus Polyandrocarpa Michaelsen, 1904
Polyandrocarpa anguinea(Sluiter, 1898)
(Figure 5, Table 2)

Material examined: DZUP PODC-15 01 colony, Escalvada Island, Guarapari, Espirito
Santo, 20°42/00” S, 40°24/30” W, 13 m, Col. R. M. Rocha, 02.12.2011, DZUP STY-81 Quebra
Mar Sul, Salvador, Bahia, 12°58/24" S, 38°31’04”” W, 9-11 m, Col. R. M. Rocha, 07.08.1999;
DZUP STY94 Bahia Marina 12°58'37" S, 38°31'14” W, 4-6 m, Col. R. M. Rocha, 03.08.1999.

The colony is 10 cm in length and 1.3 cm in thickness and consists of a mass of
aggregated zooids (Figure 5A). The coloration is light brown, disappearing after fixation.
The surface of the colony is rough and leathery, without clear individualization in the
position of the zooids. The colony adheres firmly to the substrate, and there is sand
impregnation at the base. The body wall is very delicate and creamy yellow (Figure 5B).

The zooids are of different sizes in the same colony, between 1.0 and 1.7 cm long. Both
the oral and atrial siphons are apical and elongated, with smooth margins, and they open
onto the surface of the tunic. The oral tentacles number approximately 18, in three sizes, the
largest being 0.8 mm long (Figure 5C). The dorsal tubercle measures approximately 0.2 mm
in diameter, with a “C”-shaped opening, with highly curved ends. The dorsal lamina is
slightly prominent and has a jagged margin due to projections formed by the ends of the
transversal vessels.

The pharynx has four longitudinal folds on each side, with the following distribution
of longitudinal vessels in a zooid 1.0 cm long from the right to the left side: E 4 (12) 5 (12) 5
(12) 5(10) 5 DL 3 (8) 4 (11) 6 (12) 5 (12) 4 E. Parastigmatic vessels are present.

The digestive tract is located beside the pharynx, occupying the posterior one-third
of the left side of the animal. The esophagus is short and slightly curved. The stomach is
ovoid, with 16 evident longitudinal sinuous folds in the wall. The intestine is isodiametric
but slightly wider at the beginning and undergoes continuous narrowing up to the anus.
There is only the primary loop, forming a curvature toward the anus, which opens close
and dorsally to the esophagus aperture (Figure 5D). There are no endocarps. The gonads
are elongated, small (0.4-0.5 mm), and firmly attached to the body wall. On the right side,
there are 10-13 gonads, while on the left side, there are only 4-7.
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Figure 5. Polyandrocarpa anguinea (Sluiter, 1898). (A) Colony preserved in formalin. (B) Zooid without
the tunic. (C) Dissected and stained zooid. (D) Digestive tract. Scale bars: (B) 5.0 mm; (C) 3.0 mm;
(D) 2.0 mm.

Remarks. This species exhibits large morphological plasticity [18,19] in almost all
characteristics, and a global molecular study is needed to clarify its current distribution.
All the species with zooids agglomerating without a specific order in a tough tunic with
long siphons protruding from the surface of the colony have been synonymized with P.
anguinea [19]. Besides P. anguinea, there are three Polyandrocarpa species known in the
Atlantic: P. zorritensis (Van Name, 1931), P. arianae Monniot, F. 2016, and P. aurorae Monniot,
F. 2018. All three species have upright zooids covered by sand and linked by their bases
only, a very different colony organization compared to P. anguinea.

Distribution of Atlantic populations: Brazil: Espirito Santo [4], Rio de Janeiro [20,21],
Sao Paulo [18,22,23], Parana [24], and Santa Catarina [25]; Caribbean Sea [26]; Florida,
United States of America [27]; Martinique [14,17]; and South Africa [28-30].

Genus Polycarpa Heller, 1877
Polycarpa insulsa (Sluiter, 1898)
(Figure 6, Table 2)

Material examined: DZUP POLC-76 01 individual, Ilha Rasa de Terra, Guarapari,
Espirito Santo, 20°40'32" S, 40°22/01” W, 10-15 m, leg. R. M. Rocha, 27.03.2017
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Figure 6. Polycarpa insulsa (Sluiter, 1898). (A) Preserved individual. (B) Individual without the tunic.
(C) Dissected and stained individual, with the four right pharyngeal folds marked. (D) Dissected
and stained individual without the pharynx. (E) Dissected and stained anterior region, highlighting
the oral tentacles and dorsal tubercle. (F) Detail of the gut with endocarps. (G) Detail of the gonads
with endocarps. AN—anus, AS—atrial siphon, DT—dorsal tubercle, EN—endocarp, IN—intestine,
G—gonad, OS—oral Siphon, OT—oral tentacles, ST—stomach. Scale bars: (A-D) 1.0 cm; (E) 1.0 mm;
(F) 4 mm; (G) 2 mm.

The only individual found is 4.5 cm long and 2.5 cm wide, dark brown, with siphons
close to each other. The tunic is 1-2 mm thick, brown internally, and has a rough and
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wrinkled external surface with little encrustation (Figure 6A). The musculature forms a
thick sheet on the body wall, turning it opaque and cream-colored, with the tips of the
siphons red (Figure 6B).

The oral siphon is apical, very short, and has a red velum. There are 46 oral tentacles
of at least five sizes, the largest being 5 mm long. They are more or less triangular in cross
section, with the tip of the triangle facing anteriorly and the rounded base posteriorly.
The prepharyngeal area is narrow without any papillae. The peripharyngeal groove is
simple and forms a deep V around the dorsal tubercle, whose aperture is a horizontal S
(Figure 6E). The dorsal lamina is continuous and narrow with a smooth rim, extending
until the esophagus aperture.

There are four pharyngeal folds on each side (Figure 6C). They are very shallow and
separated from each other, mainly marked by the concentration of longitudinal vessels.
The most dorsal left fold is very short, circa one-fourth of the length of the others, and
disappears into the dorsal lamina just or immediately posterior to the peritubercular area.
The blood vessel formula is the following, from the right to the left side of the body: E 6 (14)
7(15)7(20) 6 (17)4 DL 4 (17) 13 (15) 9 (17) 11 (13) 6 E. There are 6-8 stigmata per mesh, but
the meshes at the right side of the dorsal lamina are quite irregular. Parastigmata vessels
are not common.

The digestive tract is small, occupying less than one-quarter of the left side (Figure 6D).
The stomach is round without external folds, followed by a short intestinal loop and vertical
rectum, ending in a smooth anus with a typhlosole. No cecum was found. There are
six elongated endocarps in the intestinal loop and two between the rectum and esophagus.
These endocarps appear to have ramified blood vessels inside (Figure 6F). The velum at
the base of the atrial siphon is covered by thin, elongated tentacles.

Oval or elongated endocarps are spread on the body wall of both sides in between the
gonads. The gonads are sac-like, embedded in the body wall, and elongated or irregularly
shaped (Figure 6G). There are more than 30 on the right side but fewer than on the left side.
The gonoducts are short and open side by side.

Remarks. Eight species of Polycarpa are currently known in Brazil [1]; this is the
first report on P. insulsa. The characteristics of the animal described here are very similar
to the ones given by Van der Sloot [31], C. Monniot [32], F. Monniot [14], and Monniot
et al. [33]. Van der Sloot [31] synonymized P. insulsa from the Atlantic and P. circumarata
from Indonesia, but Monniot [33] and Kott [13] did not agree and maintained that they
were separate species, although Kott considered P. circumarata a junior synonym of P. aurita
(Sluiter, 1990). Later, Kott [34] changed her opinion, and because of the large variation in
characteristics and the extended geographic distribution of both species, she considered
the Atlantic P. insulsa to also be a junior synonym of P. aurita. Descriptions of Atlantic and
Indo-Pacific populations show that the latter tend to have fewer oral tentacles (<30), more
longitudinal blood vessels (>300), a longer rectum, and a lobed anus. The area covered
by the gonads does not include the posterior third of the right side, and the tunic is more
translucent and yellowish, while Atlantic populations have a dark brown or black tunic.
But there are exceptions to all these trends, and there is no consistency in the presence of
a pyloric cecum and a typhlosole along the rectum and anus in any geographical region.
A genetic study including populations in all oceans could clarify if there are two species
and the real geographical distribution of each.

Distribution of Atlantic populations: Gulf of Mexico, Florida, United States of
America [27]; Cuba [35]; Panama [36]; Colombia; Venezuela [26]; Guiana Shelf [37];
Martinique [14]; and Brazil (present study).
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Genus Styela Fleming, 1822
Styela plicata (Lesueur, 1823)
(Figure 7, Table 2)

Material examined: DZUP STY-151 02 individuals, Guarapari, Espirito Santo,
20°39’50” S 40°29'41” W, 1 m, Col. R. M. Rocha, 13.02.2011, DZUP STY-153 Terminal
Nautico Salvador, Salvador, Bahia, 12°58/21" S, 38°30'56" W, 0.5 m, Col. R. M. Rocha,
02.03.2012; DZUP STY-156 Marina Pier Salvador, Salvador, Bahia, 12°54'44" S, 38°29'28" W,
0.5 m, Col. R. M. Rocha, 03.03.2012.

Figure 7. Styela plicata (Lesueur, 1823). (A) Two preserved individuals. (B) Dissected and stained
individual. (C) Dissected and stained individual without the pharynx, showing four gonads on the
right side and two on the left. (D) Detail of the gut with endocarps. AN—anus, AS—atrial siphon,
EN—endocarp, G—gonad, IN—intestine, OS—oral siphon, OT—oral tentacles, ST—stomach. Scale
bars: (A-D) 1.0 cm.

Two young individuals, 3.0 cm long, that were found on the hull of a boat taking
divers to the islands in Espirito Santo will be described here. Their tunic is thick, resistant,
and leathery, with many grooves and folds. The animal’s coloration is beige, both alive
and preserved in formalin. Both siphons are apical, close to each other, and short, with
four rounded lobes each (Figure 7A). The body wall is not very thick, slightly translucent,
and light beige. There are 25-27 simple oral tentacles of three sizes, enrolled anteriorly. The
prepharyngeal groove is double, without projections, forming a V-shaped peritubercular
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area. The dorsal tubercle measures 0.8-1.1 mm in anteroposterior diameter and has a
U-shaped opening with curved tips.

The dorsal lamina is simple, with uniform width throughout its length, ending next to
the esophageal opening. The pharynx has, on each side, four folds that are not very high
and approximately 65 longitudinal blood vessels (Figure 7B). Parastigmatic vessels are
present. The esophagus is long and curved. The stomach is elongated and has numerous
thin parallel longitudinal folds. The intestine has very closed primary and secondary loops,
covered by endocarps. The lobed anus is situated anteriorly to the esophagus, close to the
atrial siphon.

The gonads are present on both sides, four on the right side and two on the left side,
and are formed by an elongated tubular ovary surrounded by a multilobed testis well
attached to the body wall (Figure 7C,D). Numerous endocarps are present on the body wall
and between the gonads.

Remarks. This is a well-known species, easily recognizable by the beige or white
tunic, which is smooth and usually with few encrustations, with four expanded rounded
lobes around both siphons. There are 73 valid species in Styela [16], among which only
seven species have more than two gonads on each side. Two of them have been recently
described from the Atlantic: S. multicarpa (Barros and Rocha, 2021) has a brown tunic, the
testicle follicles are attached to the body wall by their proximal end only, and the intestine
wall has no endocarps [38]; S. multicarpa (Barros and Rocha, 2021) is greenish-brown, and
the testicle follicles are attached to the body wall by their proximal end only [38]. From the
Pacific, S. maeandria Sluiter, 1904, does not have endocarps, and S. clava Herdman, 1881,
has an elongate body with a conspicuous peduncle and protuberances on the tunic surface.
Two are deep sea species, with different testicle morphology compared with S. plicata: S.
adriatica Monniot F. and Monniot C., 1975, and S. thalassae Monniot C., 1969 (see table 2
in [38]).

Distribution of Atlantic populations. United States [39-41]; Bermuda [8]; Puerto
Rico [42]; Guadeloupe [17]; Curacao [43]; Brazil: Bahia [4], Rio de Janeiro [4,20,21], Sao
Paulo [22,23,44], Parana [45], and Santa Catarina [44]; Senegal [46]; and the Madeira Islands,
Portugal [47].

Family MOLGULIDAE Lacaze-Duthiers, 1877
Genus Molgula Forbes, 1848

Molgula davidiMonniot C., 1972

(Figures 8 and 9, Table 2)

Material examined: DZUP MOL-07 01 individual, Shipwreck Victory 8B, Guarapari,
Espirito Santo, 20°41'23" S, 40°23'24” W, 20 m, leg. R. M. Rocha, 26.01.2012.

The single individual found is approximately spherical, 5.0 mm in diameter, and
was attached to algae on a shipwreck. The tunic is thin but sturdy and semi-transparent,
covered by sand. The oral and atrial siphons are apical (Figure 8A,B). Both siphons are
short and have six small, rounded projections. The body wall is very thin, delicate, and
translucent. The longitudinal muscles originate in both siphons and end anteriorly to the
gonads and intestine.

There are approximately 12 oral tentacles flattened laterally that ramify only once. They
are distributed in three orders of size and are curved anteriorly. The prepharyngeal groove
is double and without projections. The dorsal tubercle measures 0.18 mm anteroposteriorly,
with an ovoid opening. The dorsal lamina is slightly prominent, with a smooth margin,
displaced to the left side, and extends beyond the opening of the esophagus. The pharynx
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has seven longitudinal folds on the right side and six on the left side. The folds are distant
from each other but closer and shorter in the dorsal region (Figure 8B). The arrangement
of the longitudinal blood vessels from the right to the left side is the following: E. 0 (3) 0
5)0(5)0(®6)0(5)0(5)0(4)0DLO0(4)0(4)0(5)0(7)0(7)0(4)0E. The stigmata have a
simple spiral shape; they are interrupted and are counterclockwise. Parastigmatic vessels
are present (Figure 8C).

Figure 8. Molgula davidi Monniot C., 1972. (A) Individual with tunic and without tunic (left side).
(B) Stained pharynx. (C) Detail of the pharynx. (D) Dissected animal without the tunic. (E) Detail of
the right side (gonad and renal sac). (F) Detail of the left side (digestive gland, intestine, and gonad).
Scale bars: (A,B,D) 2.0 mm; (C) 1.0 mm; (E) 1.3 mm; (F) 0.9 mm.
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C

Figure 9. Molgula davidi Monniot C., 1972. (A) External view of the left side without the tunic.
(B) External view of the right side without the tunic. (C) Dissected animal without the pharynx.
DG—digestive gland, FG—female gonad, IN—intestine, MG—male gonad, RV—renal vesicle. Scale
bars: (A,B) 5.0 mm; (C) 1.0 mm.

The esophagus is curved and very short. The stomach is elongated and is entirely
covered by a single yellowish digestive gland. The intestine is narrow and isodiametric; it
has a closed and short primary loop and a very open secondary loop (Figures 8D and 9C).
There are no endocarps. The anus is circular and opens slightly below the level of the top
of the primary intestinal loop.

On each side of the body, there is a gonad tightly attached to the wall. On the right
side, it is located in the central region of the body, anteriorly to the renal sac. On the left
side, the gonad is inserted in the secondary intestinal loop (Figure 9A,B). The gonads are
formed by an oval testicle located ventrally to a small globular ovary containing many
oocytes (Figures 8E,F and 9C). Both the oviduct and sperm duct are short and have dorsally
oriented apertures. The renal sac is small and elongated, slightly curved, posterior to the
right gonad, and separated from it. Larvae were not found.

Remarks. This is the first record of the species on the Brazilian coast. It had been
previously reported only from Bermuda [8], the type locality. The Bermuda specimens have
only the female gonad on the left side; however, the author points out that perhaps this
is an individual variation. The holotype also has a darker body wall, the prepharyngeal
groove forms a deeper V around the dorsal tubercle, and fig 10C [8] shows that the siphons
seem more distant from each other than in the Brazilian individual. Comparing other
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characteristics, the specimens studied here agree well with the original description of
the species.

Distribution: Bermuda [8], Brazil (present study).

4. Discussion

Among the species reported here, Styela plicata is an invasive species, very common
on bivalve farms in South Brazil and piers and marinas in Parand, Sao Paulo, and Rio de
Janeiro [24,48-50]. It is a subtropical species, and it was found only once in Bahia [4] before
this study; thus, its occurrence in Espirito Santo was expected. As usual, it was found on
artificial substrate in all sites, and not a single individual has been found on natural rocky
reefs, suggesting a contained invasion in the region.

Polyandrocarpa anguinea has a wide geographical distribution in the Atlantic, Indian,
and Pacific oceans, both in tropical and subtropical regions, and this suggests that the
species might be involved in bioinvasion. Unfortunately, no global or regional molecular
study has verified the identity of all reports and tried to reveal the probable native origin of
the species. In Brazil, the samples collected in Bahia 25 years ago [4] represent the current
northern geographical limit of the species, although it is expected to be found in other
sites of the northeastern region, given that the species is known from the Caribbean and
Florida [14,17,26,27]. The species was never abundant in any of the collection sites.

Polycarpa insulsa is also involved in taxonomic debate about its identity and synonymy
with Pacific species, and no genetic study is available to clarify its geographical distribution.
It is clearly a tropical species with wide distribution in the Caribbean Sea [14,26,35-37];
thus, its presence in Espirito Santo is surprising. Although in a tropical region, this region
suffers from upwelling and very cold waters during the summer months [51]. The fact
that this is the first individual found after many dives in Espirito Santo and other tropical
sites in Brazil means that the species is either very rare in the country or a new non-
established introduction.

The other three species reported in this study have a similar disjunctive geographical
distribution between Bermuda and Brazil or Caribbean countries and Brazil. Stolonica
sabulosa has been found before in south Bahia; thus, it is an established species, but it seems
to be rare or difficult to find because it is covered by sediment in deep enough waters to
require diving for sampling. Given that only one colony, which had immature gonads,
has been found in Bermuda, it is possible that the populations do not belong to the same
species. In this case, the Brazilian samples would belong to a new native species.

Amphicarpa paucigonas usually cover large areas on the substrate, and it is established
in the region, given its presence in different years. The constant presence on shipwrecks
in different sites and in a port area in Guadalupe (Port Saint-Frangois, ref. [9]) suggest an
affinity with hulls and that it is possibly transportable by vessels. Despite being covered by
sediment, this species is not that difficult to find because of the large size of the colonies
and white siphons. Thus, it seems that its distribution will not be much enlarged with a
greater sampling effort. A molecular study of this species would also be welcome to clarify
the connectivity among sites within Brazil and with Guadalupe and Martinique.

Molgula davidi is a very small species, covered by sand and impossible to spot in nature,
and they were collected by chance and recognized only under magnification. It is worth
mentioning that both individuals found until now were epibionts on artificial substrata.
Thus, the geographic distribution of the species is still unknown but seems restricted to the
Tropical West Atlantic.
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