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ARTICLE INFO ABSTRACT
ArticleHistory: Invertebrates associated with the reef ecosystems of Morro de Sdo Paulo on Tinharé Island in the
Received 03" January, 2020 state of Bahia, northeastern Brazil were studied from samples collected in January and September
Received in revised form 2015. A total of 119 individuals belonging to 26 species and 16 families were identified among
11" February, 2020 Pycnogonida and Echinodermata. The families Ophiactidae and Ophiodermatidae
Accepted 26™ March, 2020 (Echinodermata) were the most representative taxa. The most abundant families were Ophiactidae
Published online 29" April, 2020 and Amphiuridae (Echinodermata) with 76 individuals. The pycnogonids recorded for Morro de
S&o Paulo were Achelia sawaya, Ammothella spinifera and Tanystylum isabellae, all found on
KeyWords: algae. Algae constitute a good habitat for sea spiders and small ophiuroids in shallow waters.
Ammotheidae, Ophiuroidea, Asteroidea, These numbers evidence how little we know about coastal marine invertebrate fauna in Brazil and
Echinoidea, Holothuroidea, Southwestern indicate the need for further sampling, especially in the study area.
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the occurrence of extensive, complex reef ecosystems with
INTRODUCTION considerable biodiversity (MMA, 2002, 2010; Ledo et al.,
2003, 2016; Amaral and Jablonski, 2005; Mazzei et al., 2016;
Moura et al., 2016). The northeastern coast of Brazil is highly
favorable to the formation of reef ecosystems, which are
distributed over about three thousand kilometers between the
states of Maranhdo and Bahia (Amaral and Jablonski, 2005;
MMA, 2002, 2010). The coast of the state of Bahia stands out
for having the largest, richest, most exuberant and complex

Brazil has one of the largest marine zones of the world, which
is formed by contiguous ecosystems with high ecological
complexity (MMA, 2010). The coast between French Guiana
(about: 5° N) (Moura et al., 2016) and the southeastern region
of Brazil (20° S) (Mazzei et al., 2016) comprises important
tropical marine ecoregions in the South Atlantic Ocean due to



34944

Jéssica Prata et al., Species richness of Pycnogonida and Echinodermata associated with the reef ecosystems of Morro de

Sé&o Paulo on Tinharé Island in Northeastern Brazil

reef ecosystems of the South Atlantic (Costa Jr. et al., 2000;
Ledo et al., 2003, 2008a, 2016; Mazzei et al., 2016; Dutra et
al., 2005; Mazzei et al., 2016). Despite the extreme biological
and ecological importance of the region, the fauna associated
with the reef ecosystems of Bahia still needs to be inventoried
properly, especially with regards to benthic invertebrates.
Cnidarians in the reef ecosystems off the coast of Bahia are
among the most studied invertebrates (Hetzel and Castro,
1994; Costa Jr. et al., 2000; Ledo et al., 2003, 2008a, b; Castro
et al., 20053, b; Kikuchi et al., 2008; Cruz et al., 2009; Krug et
al., 2012; Miranda et al., 2013; Silva et al., 2013;
Vasconcellos et al., 2018; Freitas et al., 2019). In contrast, the
biodiversity of other groups of marine invertebrates associated
with the reef ecosystems of this region have been insufficiently
sampled and studied. The main surveys on invertebrate
richness associated with the reef ecosystems of Bahia
addressed echinoderms (Albuquerque and Guille, 1991),
crustaceans (Young and Serejo, 2005a, b), polychaetes (Paiva,
2005a, b), mollusks (Absaldo, 2005a, b) and pycnogonids
(Lucena and Christoffersen, 2017) of the Abrolhos
Archipelago. Lima et al. (2019) also inventoried benthic
mollusks associated with the reef ecosystems of Morro de Séo
Paulo on Tinharé Island. The Tinharé and Boipeba
Archipelago is located in the central-southern portion of the
state of Bahia and is surrounded by a large quantity of non-
continuous shallow reef ecosystems (Kikuchi et al., 2008;
Ledoet al., 2016; Elliff and Kikuchi, 2017), mostly fringing
reefs with truncated, irregular tops that become exposed at low
tide, forming channels and tide pools (Kikuchi et al., 2008;
Elliff and Kikuchi, 2017). Tinharé and Boipeba are the largest
islands of the archipelago and Morro de Sdo Paulo is one of
the largest areas on Tinharé Island (Elliff and Kikuchi, 2017)
with reef ecosystems and a number of associated benthic
invertebrates (Kikuchi et al. 2008). However, such reef
ecosystems are extremely vulnerable to human actions (Loiola
et al., 2014; Elliff and Kikuchi, 2017; Rhormens et al., 2017;
Lima et al.,, 2019). The aim of the present study was to
document the biodiversity of Pycnogonida and Echinoidermata
of the reef ecosystems of Morro de S&o Paulo located on
Tinharé Island in the state of Bahia, Brazil.

MATERIAL AND METHODS

Study area: Morro de Sao Paulo is located on Tinharé Island
in the municipality of Cairu, state of Bahia, Brazil, and
pertains to the Tinharé-Boipeba Environmental Preservation
Area (13°22'56.0" S, 38°54'32.1" W) located between the
mouth of Patos River and the Taperod Channel (INEMA,
2016; Eliff and Kikuchi, 2017). The area is located in the
Tropical Northwestern Marine Ecoregion (Spalding et al.,
2007) and has an area of approximately 433 km? (Figure 1).
The climate is tropical humid with periods of torrential rains
and a high incidence of winds. Temperature ranges are small,
with annual averages of 19.4 to 31.2°C. Mean yearly humidity
ranges between 80 and 90%, and yearly precipitation is about
1700 mm (CEPLAC, 1975). The coastal environment of Morro
de S&o Paulo has a large quantity of fringing reefs that become
exposed at low tide. The tops of these reefs have an irregular,
truncated surface that forms tide pools (Kikuchi et al., 2008).
The reefs extend for tens of meters and are close to the beach
line, forming discontinuous structures in shallower regions
(Lima et al., 2019).

Sampling, identification and analysis: The sampling of
invertebrates associated with the reef ecosystems on the three

beaches located in Morro de S8o Paulo was conducted in
January and September 2015. All invertebrates were collected
manually through active searches at different points of the
First, Second and Third Beaches at low tide from the intertidal
zone to shallow subtidal areas at a depth of about 1 m.
Individuals were collected with a proportional collecting effort
from hard (e.g., surface, underneath and crevices) and soft
(e.g., sand and gravel) substrate habitats of the reef ecosystems
for approximately three hours at each beach. Algae were
collected manually at different points of the study area and
invertebrates were subsequently separated from the algae. The
samples were placed in labelled plastic bags and sorted at the
Laboratorio de Invertebrados Paulo Young (LIPY [Paulo
Young Invertebrate Laboratory]), Universidade Federal da
Paraiba (UFPB [Federal University of Paraiba]). The
specimens were separated, anesthetized with menthol and
preserved in 70% ethanol. The collections were performed
with the authorization of the Biodiversity Information and
Authorization System (SISBIO 43234-2). Individuals were
photographed in situ and at the LIPY under a Leica MZ12.5
stereomicroscope and using a Canon Powershot A2000IS
digital camera. The identification of pycnogonids was mainly
based on Marcus (1940) and Miller and Krapp (2009) and the
identification of echinoderms was based on Tommasi (1969a,
b, 1970a, b), Hendler et al. (1995), Borges et al. (2002),
Borges and Amaral (2005), Manso et al. (2008), Pawson et al.
(2010), Benavides-Serrato et al. (2011), Borrero-Pérez et al.
(2012) and Martins et al. (2018). All material analyzed is
deposited and available for study at the Cole¢do de
Invertebrados Paulo Young (CIPY [Paulo Young Invertebrate
Collection]) of the Departamento de Sistematica e Ecologia
(DSE [Department of Systematics and Ecology]) of UFPB in
the city of Jodo Pessoa, Paraiba, Brazil.

RESULTS

Three species of Pycnogonida and 23 species of
Echinodermata were collected and examined (Table 1). The
species were mainly associated with the algae Halimeda
opuntia (Linnaeus) J.V. Lamouroux, 1816, Sargassum
polyceratium Montagne, 1837, Lithothamnium sp., Ulva
lactuca Linnaeus, 1753 and Gracilaria caudata J. Agardh,
1852 in the reef area. Six individuals of Pycnogonida Latreille,
1810 were collected, accounting for only 5% of the specimens
sampled. All sea spiders were removed from algae and
classified in the family Ammotheidae Dohrn, 1881 and the
genera Achelia Hodge, 1864, Ammothella Verrill, 1900 and
Tanystylum Miers, 1879 (Figure 2). Achelia sawayai Marcus,
1940 (Figure 2B—C) was the most abundant pycnogonid, with
four individuals in the samplings. One hundred thirteen
specimens of Echinodermata were analyzed, corresponding to
95% of the total number of individuals collected. Twenty-three
echinoderms (Figures 3-5) belonging to four classes, 15
families and 18 genera were found at the study site (Table 1).
Ophiuroidea Gray, 1840 was the class with the largest number
of species (n = 13) (Figures 3 and 4A—C), corresponding to
56.5% of the total number of echinoderms collected, followed
by Echinoidea Leske, 1778 (n = 5) (Figures 4E—F and 5SA—C),
Holothuroidea (n = 4) (Figures 5D—G) and Asteroidea de
Blainville, 1830 (n = 1) (Figure 4D) (Figure 6). The families
with the greatest species richness were: Ophiactidae (n = 3),
Ophiodermatidae (n = 3), Amphiuridae (n = 2), Ophiocomidae
(n = 2), Toxopneustidae (n = 2) and Holothuriidae (n = 2)
(Figure 7). These families represented about 61% of the total
number of echinoderms collected in the area.
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Table 1. Species of Pycnogonida and Echinodermata recorded at Morro de Sdo Paulo, Tinharé Island, Bahia, Brazil

Phylum Class/Family Species Sps \Voucher
Arthropoda Pycnogonida

Ammotheidae Dohrn, 1881 Achelia sawayai Marcus, 1940 04 UFPB.PYC-205
Ammothella spinifera Cole, 1904 01 UFPB.PYC-191
Tanystyllum isabellae Marcus, 1940 01 UFPB.PYC-175

Echinodermata Ophiuroidea Gray, 1840

Amphiuridae Ljungman, 1867 Amphipholis squamata (Delle Chiaje, 1828) 19 UFPB.ECH-2233
Amphiura kinbergi Ljungman, 1872 03 UFPB.ECH-2245

Opbhiothrichidae Ljungman, 1867 Ophiothrix angulata (Say, 1825) 02 UFPB.ECH-2234

Ophiactidae Matsumoto, 1915 Opbhiactis brasiliensis Manso, 1988 48 UFPB.ECH-2241
Opbhiactis lymani Ljungman, 1872 03 UFPB ECH-2275
Ophiactis savignyi (Muller & Troschel, 1842) 03 UFPB.ECH-2238

Ophionereididae Ljungman, 1867 Ophionereis squamulosa Koehler, 1914 03 UFPB.ECH-2243

Ophiocomidae Ljungman, 1867 Ophiocomella ophiactoides (H.L. Clark, 1900) 04 UFPB.ECH-2242
Ophiocoma echinata (Lamarck, 1816) 04 UFPB.ECH-2235

Ophiodermatidae Ljungman, 1867 Ophioderma appressa (Say, 1825) 01 UFPB.ECH-2236
Ophioderma cinerea Miiller & Troschel, 1842 01 UFPB.ECH-2237
Ophioderma brevicauda Litken, 1856 02 UFPB.ECH-2232

Ophiolepididae Ljungman, 1867 Ophiolepis paucispina (Say, 1825) 01 UFPB.ECH-2239

Asteroidea de Blainville, 1830

Ophidiasteridae Verrill, 1870 Linckia guildingi Gray, 1840 02 UFPB.ECH-2244

Echinoidea Leske, 1778

Cidaridae Gray, 1825 Eucidaris tribuloides (Lamarck, 1816) 01 UFPB.ECH-2267

Diadematidae Gray, 1855 Diadema antillarum Philippi, 1845 01 UFPB.ECH-2268

Toxopneustidae Troschel, 1872 Lytechinus variegatus variegatus (Lamarck, 1816) 01 UFPB.ECH-2269
Tripneustes ventricosus (Lamarck, 1816) 01 UFPB.ECH-2270

Echinometridae Gray, 1825 Echinometra lucunter (Linnaeus, 1758) 01 UFPB.ECH-2271

Holothuroidea Selenka, 1867

Phyllophoridae Ostergren, 1907 Stolus cognatus (Lampert, 1885) 01 UFPB.ECH-2273

Chiridotidae Ostergren, 1898 Chiridota rotifera (Pourtalés, 1851) 08 UFPB.ECH-2247

Holothuriidae Ludwig, 1894 Holothuria (Halodeima) grisea Selenka, 1867 01 UFPB.ECH-2272
Holothuria (Thymiosycia) arenicola Semper, 1868 02 UFPB.ECH-2246
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Figure 1. Location of study area on First, Second and Third Beaches, Morro de S&o Paulo, Tinharé Island,

state of Bahia, northeastern Brazil
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Figure 2. Pycnogonids associated with reef ecosystems in Morro de So Paulo: A. Ammothella spinifera; B-C. Achelia sawayai; D-E.
Tanystylum isabellae. Scale bars: A-B and D. 1 mm, C and E. 500 um

Echinoderms were found under rocks, buried in the sediment
and between algae. The asteroid species Linckia guildingi
Gray, 1840 was found among stones covered by algae (Figure
4D). The ophiuroids Amphipholis squamata (Delle Chiaje,
1828) (Figure 3A), Ophiactis savignyi (Muller & Troschel,
1842) (Figure 3F), Ophiactis brasiliensis Manso, 1988 (Figure
3D), Ophiocomella ophiactoides (H.L. Clark, 1900) (Figure
3H), Ophionereis squamulosa Koehler, 1914 (Figure 3G) and
Amphiura kinbergi Ljungman, 1872 (Figure 3B) were
associated with the phytal community in the reef area. The
ophiuroids Ophiothrix (Ophiothrix) angulata (Say, 1825)
(Figure 3C), Ophiocoma echinata (Lamarck, 1816) (Figure
4B-C), Ophioderma appressa (Say, 1825) (Figure 3J),
Ophioderma cinerea Miller & Troschel, 1842 (Figure 3K),
Ophiolepis paucispina (Say, 1825) (Figure 3I) and
Ophioderma brevicauda Lutken, 1856 (Figure 4A) were found

under stones or among groups of rocks. The echinoids
Eucidaris tribuloides (Lamarck, 1816) (Figure A4E),
Echinometra lucunter (Linnaeus, 1758) (Figure 5C), Diadema
antillarum Philippi, 1845 (Figure 4F) and Tripneustes
ventricosus (Lamarck, 1816) (Figure 5B) were found in
cavities in rocks and less frequently buried in the substrate.
Lytechinus variegatus variegatus (Lamarck, 1816) (Figure 5A)
was found covered by sediment, gravel and algae, among other
detritus. Holothuria (Halodeima) grisea Selenka, 1867 (Figure
5D) was the most commonly found species in the study area,
with specimens usually hidden under rocks or less frequently
buried in the substrate. Two young individuals of Holothuria
(Thymiosycia) arenicola Semper, 1868 (Figure 5G) were
found under stones. Chiridota rotifera (Figure 5F) was found
buried in the sediment.
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Figure 3. Echinoderms associated with reef ecosystems in Morro de S&o Paulo: A. Amphipholis squamata; B. Amphiura kinbergi; C.
Ophiothrix (Ophiothrix) angulata; D. Ophiactis brasiliensis; E. Ophiactis lymani; F. Ophiactis savignyi; G. Ophionereis squamulosa; H.
Ophiocomella ophiactoides; 1. Ophiolepis paucispina; J. Ophioderma appressa; K. Ophioderma cinerea. Scale bars: A, F. 1 mm, B-C, E, H-
I.2mm,Dand K.5mm, G.3mm, J. 4 mm

Figure 4. Echinoderms associated with reef ecosystems in Morro de Sdo Paulo: A. Ophioderma brevicauda; B. Ophiocoma echinate dark
brown; C. Ophiocoma echinata mottled brown; D. Linckia guildingi; E. Eucidaris tribuloides; F. Diadema antillarum.
Scale bars: A. 1 cm, B-F. 3 cm
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Figure 5. Echinoderms associated with reef ecosystems in Morro de Sao Paulo: A. Lytechinus variegatus variegatus; B. Tripneustes
ventricosus; C. Echinometra lucunter; D. Holothuria (Halodeima) grisea; E. Stolus cognatus; F. Chiridota rotifera; G. Holothuria
(Thymiosycia) arenicola. Scale bars: A. 4 cm, B-D.3cm, E.2cm, F-G. 1 cm
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Figure 6. Species richness by classes of Echinodermata collected
from Morro de S&o Paulo

DISCUSSION

Despite the likely underestimations, a considerable diversity of
pycnogonids and echinoderms was found in the present study.
Pycnogonids are among the least sampled groups along the
Brazilian coast (Tiago and Migotto, 1999), especially in the
northeastern region of the country (Lucena et al., 2015).
Despite recent efforts directed at the group, only eight species
have been recorded for the coast of Bahia (Lucena et al., 2015;
Lucena and Christoffersen, 2017; Lucena and Christoffersen,
2018a, b) and only a slightly higher number has been recorded

Figure 7. Species richness by families of Echinodermata collected
from Morro de S&o Paulo

for the entire northeastern region. As there is no inventory for
the group in the region, present knowledge is based on
sporadic records (Lucena and Chrisoffersen, 2018a).
Pycnogonids are known for their low abundance (especially in
warm waters), very small bodies and cryptic habits (Arango,
2003a; Arango and Krapp, 2007). Despite the modest sampling
(three species), some frequently reported and very diverse
groups in the Brazilian pycnogonid fauna, such as the genus
Anoplodactylus Wilson, 1878 were not represented in the
present survey. Future sampling efforts will certainly reveal
greater diversity in the area. All species reported here were
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collected on algae, as commonly observed for Brazilian
shallow-water species (see Lucena and Christoffersen, 2018a).
Algae constitute a good habitat for sea spiders in shallow
waters (Arnaud and Bamber, 1987), serving as shelter and a
source of food, with a diverse range of potential prey items
(Arango, 2003b). Although widely distributed in the Western
Atlantic (Child, 2004; Miuller and Krapp, 2009), Achelia
sawayai (Figure 2B—C), Ammothella spinifera Cole, 1904
(Figure 2A) and Tanystylum isabellae Marcus, 1940 (Figure
2D—E) are recorded here for the first time for the coast of
Bahia, increasing the known species in the region to nine. The
three pycnogonid species collected are commonly found in
shallow waters: Achelia sawayai has been recorded at depths
of 98 m (Muller, 1993); Achelia sawayai and Ammothella
spinifera occur on a wide variety of substrates (e.g., mangrove
roots, rocks) and encrusting organisms (e.g., ascidians,
hydrozoans and sponges) as well as algae of the genera
Dictyota J.V. Lamouroux, 1809, Sargassum C. Agardh, 1820,
Halimeda J.V. Lamouroux, 1812, Digenea C. Agardh, 1822,
and Lithothamnion Heydrich, 1897. Tanystylum isabellae has
been recorded on hydrozoans of the genus Thyroscyphus
Allman, 1877, and algae of the genus Sargassum (Mdiller,
1993; Miiller and Krapp, 2009). As occurs with most other
marine invertebrates, knowledge on Echinodermata in
northeastern Brazil is fragmentary. Echinoderms on the coast
of Bahia have been investigated by Alves and Cerqueira
(2000), Manso (2004), Magalhées et al. (2005), Manso et al.
(2008), Paim et al. (2015) and other authors in recent decades.
Alves and Cerqueira (2000) and Manso et al. (2008) found
between 28 and 33 species on different beaches along the coast
of the city of Salvador (state of Bahia). In common with these
studies, we found the species Amphipholis squamata,
Ophiothrix angulata, Ophiocoma echinata, Ophionereis
squamulosa, Ophiactis lymani, O. savignyi (Ophiuroidea) (see
Alves and Cerqueira, 2000; Manso, 2004; Manso et al., 2008),
Linckia guildingi (Asteroidea) (see Alves and Cerqueira, 2000;
Manso et al., 2008), Eucidaris tribuloides and Lytechinus
variegatus variegatus (Echinoidea) (see Manso et al., 2008).
All echinoids identified by Alves and Cerqueira (2000) on five
beaches in the city of Salvador are also reported for Morro de
S&o Paulo in the present study. Paim et al. (2015) recorded 11
species of Ophiuroidea from Camamu Bay, nine of which were
new records for the area. At the same locality, Manso (2004)
inventoried 14 species of echinoderms, 10 of which were
ophiuroids and one of these was a new species for science.
Although these two studies were conducted at the same
locality, there were only two species in common:
Microphiopholis atra and Ophiothrix (Ophiothrix) angulata.
This indicates the need for more faunal inventories to
determine the real biodiversity of marine ecosystems on the
northeastern coast of Brazil. The present study obtained about
32% of the echinoderm species known for the coast of Bahia
(see Magalhaes et al., 2005). Most species found are common
in northeastern Brazil, with the exception of Amphiura
kinbergi Ljungman, 1872, Ophioderma brevicauda Lltken,
1856 and Tripneustes ventricosus (Lamarck, 1816). This
shows that the reef ecosystems of Morro de S&o Paulo exhibit
an important biodiversity of invertebrates that have not been
taxonomically studied over the years. The invertebrate
community in the study area has certainly been affected by
multiple anthropogenic impacts, such as pollution as well as
the trampling and collecting of individuals by tourists and
fishermen. Populations of sea stars and macromollusks (see
Lima et al. (2019) for information on mollusks) have most
likely suffered severe impacts and declines at the study site

due to the selling of endoskeletons and shells in the local
marketplace. Further studies in the region are needed to
increase knowledge on the invertebrate fauna and gain a better
understanding of the impact of human activities (pollution and
tourism) on these communities (Almeida et al., 2007).
Moreover, local governments need to develop conservation
strategies and act more effectively to prevent the capture of
threatened invertebrates.
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