J- Mar. Biol. Ass. UK. (2007), 87, 1553-1561
Printed in the United Kingdom

doi: 10.1017/S0025315407056871

Calcareous sponges from Sao Paulo State, Brazil (Porifera: Calcarea:
Calcinea) with the description of two new species

Emilio Lanna*, André Linhares Rossi*, Fernanda F. Cavalcanti*,
Eduardo Hajdu" and Michelle Klautau*-

*Departamento de Zoologia, Instituto de Biologia, Universidade Federal do Rio de Janeiro, 21941-590, Rio de Janeiro,
R]J, Brazil. 'Departamento de Invertebrados, Museu Nacional/Universidade Federal do Rio de Janeiro, 20940-040,
Rio de Janeiro, R]J, Brazil. *‘Corresponding author: mklautau@biologia.ufrj.br

Calcareous sponges (Calcarea: Calcinea) are being described, for the first time, from Sdo Paulo State, Brazil.
A total of five species are described, two of which are new to science (Clathrina alcatraziensis sp. nov. and Leucascus
roseus sp. nov.). The remaining three species have their distribution widened (Clathrina aurea, C. conifera and

C. letractina).

INTRODUCTION

Calcarea is the sole class of Porifera whose skeleton
is entirely formed of calcium carbonate (Manuel et al.,
2002). All calcarcous sponges are marine, and the class is
monophyletic (Borchiellini et al., 2001; Manuel et al., 2003,
2004). Two subclasses comprise the Calcarea: Calcinea and
Calcaronea. This division was proposed by Bidder (1898)
based on the position of the nucleus in the choanocytes,
which is basal in Calcinea and apical in Calcaronea.
Later on, other characteristics supported this division,
such as embryological differences, the arising point of the
choanocyte flagellum, and the ontogeny, secretion and angle
of the spicules. More recently, molecular data confirmed the
monophyly of the Calcarea subclasses (Manuel et al., 2003;
Dohrmann et al., 2006; Manuel, 2006).

Currently, there are 662 known species of calcareous
sponges, which correspond to 9.5% of all described sponges
(van Soest et al., 2005). Although this number is larger
than the 5% previously calculated (Manuel et al., 2002), the
number of calcareous species is still probably much higher.
Recent works on calcareous sponges show an increasing
number of species in areas previously poorly studied (e.g.
Solé-Cava et al., 1991; Klautau et al., 1994; Worheide &
Hooper, 1999, 2003; Borojevic & Klautau, 2000; Klautau
& Borojevic, 2001; Rapp et al., 2001; Klautau & Valentine,
2003; Rapp, 2006). The apparent low diversity of calcareous
sponges may probably be a consequence of the low number
of specialists actively working on the taxonomy of the class,
rather than a true biological phenomenon.

In Brazil, studies on calcareous sponges have been
concentrated mainly in the north-eastern (Borojevic &
Peixinho, 1976; Muricy & Moraes, 1998; Moraes et al.,
2003) and south-ecastern regions (Solé-Cava et al., 1991;
Klautau et al., 1994; Klautau & Borojevic, 2001; Klautau
et al., 2004; Monteiro & Muricy, 2004; Rossi et al., 2006).
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Notwithstanding these works, Brazilian calcareous sponge
biodiversity is still underestimated, even in these regions.

The present study is the first on calcareous sponges from
the State of Sdo Paulo, in Brazil’s south-east, and is dedicated
to the subclass Calcinea. Five species are described, two of
which are new to science: Clathrina aurea Solé-Cava et al.,
1991, C. comifera Klautau & Borojevic, 2001, C. tetractina
Klautau & Borojevic, 2001, C. alcatraziensis sp. nov., and
Leucascus roseus sp. nov.

MATERIALS AND METHODS

Sponges were collected by SCUBA diving during a few
sampling campaigns in 2000 and 2002, on four different
stations of the northern sector of Sdo Paulo State’s coast
(south-eastern Brazil): one on the continent [Centro de
Biologia Marinha, Universidade de Sdo Paulo (CEBIMar)],
two on the Sdo Sebastido Island (between Sdo Pedro and
Veloso, and on Celada) and one on Alcatrazes Archipelago
(Saco do Oratério) (Figure 1).

Specimens were fixed and preserved in 70% ethanol. For
taxonomic identification, spicule and section preparations
followed standard procedures (Wérheide & Hooper, 1999;
Klautau & Valentine, 2003).

For the micrometry analyses, the width at the base of
each actine and its length from tip to base were measured.
Measurements were made using an ocular micrometer.
The results are presented in tabular form, featuring length
(minimum, mean, standard deviation [SD] and maximum),
width (mean and SD) and the sample size (N).

Photomicrographs were taken with a digital camera
mounted on a Zeiss Axioscop microscope at the Laboratério
de Captura de Imagens of the Instituto de Biologia
(Universidade Federal do Rio de Janeiro).

All the specimens are deposited in the sponge collection of

the Museu Nacional/UFR]J, Brazil (MNR]).
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Figure 1. Collection sites in Sdo Paulo State, Brazil. (A) CEBI-
Mar; (B) between Sao Pedro and Veloso; (C) Celada; (D) Ponta do
Oratdrio, Alcatrazes Archipelago.

SYSTEMATICS

Class CALCAREA Bowerbank, 1864
Subclass CALCINEA Bidder, 1898
Order CLATHRINIDA Hartman, 1958
Family CLATHRINIDAE Minchin, 1900
Genus Clathrina Gray, 1867

Duagnosis

‘Clathrinidae in which the choanoderm is flat or rarely
raised up into conules by the apical actines of the tetractines,
but never forms true folds (at least when the sponge is in
the normal physiological extended state). The full-grown
cormus is composed of anastomosed tubes. The skeleton is
composed of regular equiangular and equiradiate triactines
and/or tetractines, to which diactines, tripods or tetrapods
may be added’ (Borojevic et al., 2002 modified by Klautau
& Valentine, 2003).

Clathrina aurea Solé-Cava, Klautau, Boury-Esnault,
Borojevic & Thorpe, 1991
(Figure 2A—C; Table 1)

Clathrina aurea: Solé-Cava et al., 1991: 382; Muricy & Moraes,
1998: 215; Klautau & Borojevic, 2001: 401; Klautau &
Valentine, 2003: 9; Monteiro & Muricy, 2004: 683; Vilanova
et al., 2004: 651.

Table 1. Measurements of the spicules of Clathrina aurea (MNRY
2995).

Material examined (three specimens)

MNR]J 2995—between Sdo Pedro and Veloso, Sio
Sebastido Island, Sdao Paulo State, Brazil (23°52.863'S
45°26.930'W; depth 8 m), coll. by E. Hajdu, 6 January 2000.
MNR]J 10408; MNR]J 5911—Alcatrazes Archipelago, Sao
Sebastido, Sdo Paulo State, Brazil (24°06'S 45°41'W; depth
12 m), coll. by M. Custédio and C. Santos, 23 May 2002.

Type locality
Arraial do Cabo (Rio de Janeiro State), Brazil.

Description

Cormus formed of large, irregular and loosely anasto-
mosed tubes with many oscula (Figure 2A). Water-collecting
tubes are absent. Living specimens have a yellow cormus,
which becomes white after preservation in ethanol.

The skeleton has no special organization and itis composed
of only equi-angular and equi-radiate triactines (Figure 2B).
Actines are cylindrical and slightly undulated near the tip,
which is rounded (Figure 2C).

Ecology
Specimens were collected in scyaphilous habitats,

sometimes attached to polychaete and bryozoan tubes.

Remarks

Clathrina aurea was originally described in 1991 from
Arraial do Cabo in the north-east of Rio de Janeiro State,
Brazil. It is a common species of the Brazilian coast, having
been sighted in several other localities, such as Fernando
de Noronha Archipelago (Pernambuco State) (Muricy &
Moraes, 1998), Cagarras Archipelago (Rio de Janeiro State)
(Monteiro & Muricy, 2004), and Ilha Grande Bay (Rio de
Janeiro State) (Vilanova et al., 2004).

Clathrina comifera Klautau & Borojevic, 2001
(Figure 2D-F; Table 2)

Clathrina primordialis: Mothes-de-Moraes, 1985: 228; Klautau
et al., 1994: 372.

Clathrina comifera: Klautau & Borojevic, 2001: 404; Klautau &
Valentine, 2003: 18; Monteiro & Muricy, 2004: 683.

Material examined

MNR]J 10409—Alcatrazes Archipelago, Sdao Sebastido,
Sdo Paulo State, Brazil (~24°06'S—45°41'W; depth 12 m),
coll. by M. Custédio and C. Santos, 23 May 2002.

Type locality
Arraial do Cabo (Rio de Janeiro State), Brazil.

Table 2. Measurements of the spicules of Clathrina conifera
(MNRY 10409).

Spicule Length (um) Width (um) Spicule Length (um) Width (um)
Min Mean SD Max Mean SD N Min Mean SD Max Mean SD N
Triactine 456 632 83 741 6.8 1.3 30 Triactine 418 749 101 912 86 1.6 30
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Figure 2. Clathrina aurea and C. conifera. (A) Preserved specimen of C. aurea; (B) section of tube wall of C. aurea; (C) triactines of C. aurea;
(D) preserved specimen of C. conifera; (E) section of tube wall of C. conifera; (F) triactine of C. conifera.

Description

Cormus formed oflarge, irregular and loosely anastomosed
tubes (Figure 2D), white in life and beige when preserved.
Water-collecting tubes are absent.

The skeleton is composed only of triactines without any
special organization (Figure 2E). They are equi-radiate and
equi-angular. Actines are conical and straight with blunt tips

(Figure 2F).
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Ecology
The specimen was found attached to small hard corals.

Remarks

Clathrina conifera was first described from Arraial do Cabo
(Rio de Janeiro State, Brazil). Since then, this species has been
sighted only in one other locality also in Rio de Janeiro State,
the Cagarras Archipelago (Monteiro & Muricy, 2004).
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Figure 3. Clathrina tetractina. (A) Preserved specimen; (B) section of tube wall; (C) tetractine; (D) apical actine of a tetractine (arrow).

Clathrina tetractina Klautau & Borojevic, 2001
(Figure 3A-D; Table 3)

Clathrina tetractina: Klautau & Borojevic, 2001: 408; Klautau
& Valentine, 2003: 42.

Material examined

MNR]J 5855—~Ceclada, Castelhanos Bay, Sao Sebastido
Island, IThabela, Sdo Paulo State (23°50.563'S—45°14.402'W;
depth 8 m), coll. by E. Hajdu and M. Carvalho, 1 May
2002.

Type locality
Arraial do Cabo (Rio de Janeiro State), Brazil.

Description

Cormus formed oflarge, irregular and loosely anastomosed
tubes (Figure 3A). Colour is white alive and beige when
preserved. Oscula are spread throughout the cormus.

The skeleton has no special organization (Figure 3B). It
is composed mainly of tetractines, but few triactines are
also present. Spicules are equi-angular and equi-radiate.
Actines are conical, straight and sharp (Figure 3C). The
apical actine of the tetractines is very thin, long, smooth,
cylindrical, straight and sharp (Figure 3D).

Ecology
The specimen was found hidden in a coralline structure.
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Table 3. Measurements of the spicules of Clathrina tetractina
(MNRF 5855).

Spicule Actine Length (um) Width (um)
Min Mean SD Max Mean SD N
Tetractine 646 783 9.0 950 8.1 1.0 30
Apical 28.0 520 10.6 720 40 1.1 30
Triactine 38.0 742 140 950 84 12 30
Remarks

Thisspeciesseems to be rare. Since the original description,
this is the first time that it has been found again.

Clathrina alcatraziensis sp. nov.

(Figure 4E,F; Tables 4 & 5)

Type material
Holotype: MINR]J 5859—Alcatrazes Archipelago, Sao
Sebastido, Sdo Paulo State, Brazil (24°06'S—45°41"W; depth
8 m), coll. by E. Hajdu and J. Rocha, 2 May 2002.
Paratype: MINNR]J 10410—Alcatrazes Archipelago, Sao
Sebastido, Sdo Paulo State, Brazil (24°06'S—45°41"W; depth
12 m), coll. by M. Custédio and C. Santos, 03 May 2002.
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Figure 4. Clathrina alcatraziensis sp. nov. (A) Holotype after fixation; (B) section of tube wall; (C) triactines; (D) cross section of a tube
showing the apical actine of a tetractine; (E) section of tube wall with a diactine perpendicular to the surface (arrow); (F) diactines.

Table 4. Measurements of the spicules of the holotype of Clathrina
alcatraziensis sp. nov. (MNRF 5859).

Table 5. Measurements of the spicules of the paratype of Clathrina
alcatraziensis sp. nov. (MNRY 5818).

Spicule Actine Length (um) Width (um)

Spicule Actine Length (um) Width (um)

Min Mean SD Max Mean SD N

Triactine 76.0 972 98 1178 125 1.5 30
Tetractine 108.3 127.8 144 155.8 14.8 2.0 30

Apical 480 96.0 169 120.0 8.0 1.6 30
Diactine 163.4 358.9 106.3 596.6 20.8 4.8 30

Min Mean SD Max Mean SD N

Triactine 83.4 100.0 9.7 1181 139 22 30
Tetractine 88.0 96.0 75 1200 80 19 30

Apical  40.0 60.0 125 80.0 70 18 12
Diactine 144.0 328.0 135.2 736.0 16.0 70 26
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Etymology
From the type locality.

Type locality
Alcatrazes Archipelago, Sdo Sebastido, Sdo Paulo State,
Brazil.

Description

The cormus is spherical, composed of thin, regular and
tightly anastomosed tubes (Figure 4A). The anastomosis of
the external tubes is tighter than that of the internal ones.
Surface is hispid because of a large amount of diactines.
Water-collecting tubes are present. Colour is white alive and
beige when preserved.

The skeleton is composed of triactines, diactines and rare
tetractines. The triactines and the tetractines have no special
organization (Figure 4B). They are equi-angular and equi-
radiate. Actines are straight, conical and sharp (Figure 4C).
The apical actine of the tetractines is projected inside the
tubes (Figure 4D). It is straight or undulated, sometimes
slightly curved near the tip, smooth, slightly conical to
cylindrical and sharp. Diactines are perpendicular to the
surface (Figure 4E). They are slightly arrow shaped, almost
fusiform. The tip that penetrates the cormus is larger than
the distal one. Both tips are sharp. The size of the diactines is
very variable (Figure 4F). On the surface, several trichoxeas
are also present.

Remarks

Only six known species of Clathrina have diactines: C.
atlantica (Thacker, 1908); C. contorta Minchin, 1905; C. dubia
(Dendy, 1891); C. hirsuta Klautau & Valentine, 2003; C. panis
(Haeckel, 1872); and C. reticulum (Schmidt, 1862). Clathrina
alcatraziensis sp. nov. can be distinguished from C. atlantica
mainly by the presence of two categories of tetractines in the
latter. Comparing our species to C. contorta, it can also be
easily distinguished because the main spicule type in C.
alcatraziensis sp. nov. is the triactine, while in C. contorta it is
the tetractine.

The skeleton of the new species is very similar to that of C.
dubia and C. irsuta. Nonetheless, the shape of the diactines
in C. dubiais club-shaped and in C. rsuta it is fusiform, while
in C. alcatraziensis sp. nov. it is almost fusiform, but one of the
tips 1s slightly arrow-shaped. Besides these differences in the
skeleton, the cormus of C. dubia and C. hirsuta is formed of
tubesirregular and loosely anastomosed, while C. alcatraziensis
sp. nov. has regular and tightly anastomosed tubes.

The north-western Atlantic species C. pams also differs
from C. alcatraziensis sp. nov. because it has an irregular
and loosely anastomosed cormus and, additionally, it
shows a pseudoatrium. The most similar species to C.
alcatrazienis sp. nov. is C. reticulum, however, C. reticulum bears
a pseudoatrium.

Family LEUCASCIDAE Dendy, 1892
Genus Leucascus Dendy, 1892

Type species
Leucascus simplex Dendy, 1892 by subsequent designation
(Dendy & Row 1913).
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Diagnosis

‘Leucascidae with copiously branched and anastomosed
choanocyte tubes. The exhalant aquiferous system is
represented by a well-developed atrium delimited by a
specific wall with no choanoderm’ (Borojevic et al., 2002).

Leucascus roseus sp. nov.
(Figure 5A-F;, Table 6)
Type material
Holotype: MNR]J 5827—Alcatrazes Archipelago, Sao
Sebastido, Sdo Paulo State, Brazil (24°06'S—45°41'W; depth
14 m), coll. by E. Hajdu and M. Custédio, 2 May 2002.

Etymology
From Latin roseus: rosy. Describing the colour of the body.

Type locality
Alcatrazes Archipelago, Sdo Sebastido, Sdo Paulo State,
Brazil.

Description

The holotype has a large massive and lobate body, with
apical oscula surrounded by a delicate membrane (Figure
5A). This membrane covers the entire cormus, which is
composed of regular and tightly anastomosed tubes. Below
each osculum there is an atrium without choanoderm,
perforated by several apertures of exhalant canals. Colour is
light pink in life and white after preservation.

The skeleton is composed of equiangular and equiradiate
triactines and few tetractines. Actines are cylindrical and
sharp (Figures 5B,C). The apical actine of the tetractines
is thinner than the basal ones, smooth, straight, cylindrical
and sharp at the end (Figure 5D).

The membrane that surrounds the cormus is composed
mainly of triactines (Figure 5E), while the membrane of
the atrium is composed mainly of tetractines (Figure 5F).
The few atrial triactines are similar to those of the cortical
membrane and of the tubes. Few tetractines are also present
in the tubes.

Remarks

The number of species of Leucascus is uncertain, since some
of the large calcareous sponges described under the name
Leucosolenia in the Indo-Pacific region are probably Leucascus
(Borojevic & Klautau, 2000). However, if we consider only
the species formally described as Leucascus or which were
formally transferred to this genus, there will be six species: L.
simplex Dendy, 1892; L. clavatus Dendy, 1892; L. neocaledonicus

Table 6. Measurements of the spicules of the holotype of Leucascus
roseus sp. nov. (MNRF 5827).

Spicule Actine Length (um) Width (um)

Min Mean SD Max Mean SD N
Triactine 72.2 925 11.6 1140 73 15 30
Tetractine 722 927 814 1064 73 0.9 30

Apical 26.4 512 142 858 33 09 30
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Figure 5. Leucascus roseus sp. nov. A, Holotype after fixation; B, triactine; C, tetractine; D, apical actine of a tetractine; E, cortical

membrane; F, atrial membrane.

Borojevic & Klautau, 2000; L. lobatus Rapp, 2004; L.
compressa (Dendy & Frederick, 1924), originally described
as Ascoleucetta compressa but placed in the genus Leucascus by
Borojevic & Klautau (2000); and L. ventricosa (Carter, 1886),
originally described as a Clathrina but considered as Leucascus
by Klautau & Valentine (2003) and by Rapp (2004).
Leucascus roseus sp. nov. differs from all the other species
(including those identified as Leucosolenia) by its pink colour.
Other characters, however, also differentiate this species
from the others. Leucascus simplex has triactines with conical
actines, while L. roseus sp. nov. has spicules with cylindrical
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actines. Moreover, our species has triactines and tetractines,
while Dendy (1892) said that in L. simplex ‘All the spicules
are alike except that some exhibit an incipient apical ray’.
We understand by this sentence that tetractines are rare in
L. simplex and that, when present, they do not have a well
formed apical actine as in the tetractines of L. roseus sp. nov.
In relation to L. clavatus, L. roseus sp. nov. is different because
it has no diactines, while L. clavatus has club-shaped diactines
protruding through the cortex. Leucascus neocaledonicus is
very similar to L. roseus sp. nov., though the former has
two different categories of triactines, one in the cortex
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[130.0 (#27.0)/12.0 (#2.5) pm] and another in the tubes
[100 (£14.0)/10 (£1.5) um], while L. roseus sp. nov. has only
one category of triactines. In addition, the tetractines are
more abundant in L. neocaledonicus than in L. roseus sp. nov.
Leucascus lobatus has also two categories of triactines, which
differentiate it from L. roseus sp. nov. Leucascus lobatus also has
larger spicules: cortical triactines [181 (+21.1)/10.9 (+1.3) um]
and choanosomal triactines [148.0 (+13.2)/6.9 (+0.9) um)].

Other species of Leucosolenia that Rapp (2004) indicated
to be included in Leucascus are: Leucosolenia amitsbo Hozawa,
1929 and L. soyo Hozawa, 1933, both from Japan. The large
triactines on the cortex of L. amiisho (220-500/20—30 um)
and L. sopo (160-190/14—18 um) differentiate them from L.
roseus sp. nov. Another species that Rapp (2004) indicated
to be included in Leucascus is Leucettusa mariae Brondsted,
1926. This species differs from ours by the presence of two
categories of triactines and two of tetractines found by Rapp
(2004) during his analyses of the holotype. The last species
we would like to comment on is Leucascus insignis (Row &
Hozawa, 1931). Dendy & Row (1913) had assigned this
species to the genus Leucascus saying that it was a new species
that would be soon published by Row. However, it took
several years for this species to be published, and it was named
by Row & Hézawa (1931) Leucetta insignis. To our knowledge,
nobody has analysed the type of this species and transferred
it to Leucascus until now, however, there is a suspicion that
this sponge can be a Leucascus (Rapp, 2004). Therefore, we
compared our species with the original description of L.
wnsignis. This species differs from ours by its large tripods on
the cortex, triactines inside the cormus and two categories
of tetractines. Leucascus roseus sp. nov. is the second species of
Leucascus described for the Atlantic Ocean.

DISCUSSION

From a biogeographical perspective, the five species
reported here represent atleast three different stocks. Clathrina
aurea is a Brazilian endemic. Clathrina conifera and C. tetractina
are Paulista Province endemics. And the two new species
reported here are provisional endemics of the Alcatrazes
Archipelago.  Nevertheless, field observations
conducted in the 1980s by E. Hajdu revealed the occurrence
of a clathroid, light-pink sponge at Arraial do Cabo (Rio
de Janeiro State) and the Abrolhos Marine National Park
(Bahia State), which are suggestive of Leucascus roseus sp. nov.
widespread occurrence along the coast of Brazil.

The Alcatrazes Archipelago proved to be a rich ground for
the collection of sponges, especially of the Class Calcarea.
The large number of Calcaronea encountered will be
reported upon elsewhere. As this material originated from
a few days of field trip to this area in 2000 and 2002, it is
likely that further collecting efforts will raise these findings
considerably.
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