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Abstract Echinoderms are often of ecological importance in
intertidal and subtidal waters, especially as predators and her-
bivores but also as prey. Several groups of echinoderms re-
spond in a different way to environmental variables, contrib-
uting to some of the biodiversity patterns found along latitu-
dinal gradient. This work listed the echinoderms species of
San Matías Gulf surrounding the coast of Río Negro
Province and analyzed the current state of knowledge of this
group by previous works, collection items of the Museo
Argentino de Ciencias Naturales BBernardino Rivadavia,^
and from samples taken since 2009 to the present. A total of
35 species of echinoderms corresponding to four classes
were recorded. The 34.29 % corresponds to Asteroidea,
31.43 % to Ophiuroidea, 20 % to Echinoidea, and 14.28 % to
Holothuroidea. Crinoidea has not been reported for San
Matías Gulf. Asteroidea and Ophiuroidea were the most
representative groups followed by Echinoidea and
Holothuroidea, with only five species in the last class. About

30 % of the country’s species are present in Río Negro
Province. This high number of species may be due to the
heterogeneity of environments that are possible to find in
San Matías Gulf and a transition zone between the
Magellanic and Argentine biogeographic provinces that can
provide particular physical and climatic characteristics
explaining as consequence the faunal composition.
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Introduction

The identification of species patterns at different scales
arouses particular interest when investigating possible factors
that regulate diversity, useful in conservation and ecological
studies (Dulvy et al. 2003). Despite their role in the ecosys-
tem, there is a lack of global assessments about echinoderms,
as they are ecologically relevant as predators or herbivores at
the intertidal and on shallow water systems (Paine et al. 1985;
Benedetti-Cecchi and Cinelli 1995) and also as prey (Aminur
Rahman et al. 2014). For example, the sea stars as Bkeystone^
predate on mussel beds maintaining a diverse community
since they remove present mussels, creating free spaces for
other species (Paine 1966). Likewise, the sea cucumbers are
critical to the structure of sediments in subtidal environments
and tidal pools, recycling organic particles and enhancing the
substrate by adding nutrients (e.g., ammonium) that could be a
source of nitrogen for primary producers (Uthicke 2001; Ruiz
et al. 2007). Moreover, an important ecological role of
deposit-feeding holothurians are as bioturbators of sediment
which, as a result, decrease the stability of sediments, increase
aeration, and facilitate organic particles to return to the water
column (Uthicke 1999; Ravest Presa 2001).
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The coastal area is of ecological importance as a region with
high energy and productivity (Leigh et al. 1987), supporting a
high echinoderm diversity compared to deep waters (Price et al.
1999). The high number of species in coastal areas probably
reflects the high heterogeneity of habitats and environmental
conditions compared to deep areas (Gray 1997; Price et al.
1999). Oceanographic conditions have been shown to determine
limits of species distribution (Menge et al. 1997; Wieters et al.
2012) being the population parameters, as well as survival of
species, affected by temperature, productivity, or salinity
(Menge et al. 1997; Kashenko 2003; Blanchette et al. 2006). In
the Southwestern Atlantic Ocean, coastal biogeographic prov-
inces are indirectly influenced by warm-temperate water from
the Brazil current (flowing from north) and the sub-Antarctic
Malvinas current (flowing from south). Both water masses
flowing in opposite directions and their physico-chemical ocean-
ographic characteristics influence the species distribution (Liuzzi
and López Gappa 2008; Brogger et al. 2013a).

The Río Negro Province coast is entirely contained inside
the northern sector of San Matías Gulf, the first of the North
Patagonian gulfs. Within this gulf, it is possible to recognize
zones with distinct oceanographic parameters: the north and
east areas present high temperature, high salinity, and low
concentrations of nitrates, while the south and southeast are
characterized by lower temperatures and salinities
(Gagliardini and Rivas 2004). Besides physical characteris-
tics, climatic differences, and the presence of a transition zone
between warm-temperate waters and the Magellanic region
(Ramírez 1996; Gagliardini and Rivas 2004; Spalding et al.
2007; Balech and Ehrlich 2008) give San Matías Gulf their
unique signature, reflected on species composition (Escofet
et al. 1978; Ramírez 1996).

Relatively few studies have been conducted about the echi-
noderms of SanMatías Gulf, including the classes Asteroidea,
Echinoidea, Ophiuroidea, and Holothuroidea (Bernasconi
1953, 1964, 1966, 1973, 1980; Bernasconi and D’Agostino
1971, 1974, 1975, 1977; Escofet et al. 1978; Brogger et al.
2013a; Martinez et al. 2013), but without reports of Crinoidea.
A recent publication has removed the only reported endemic
ophiuroid from Argentina Amphilepis sanmatiensis and treat-
ed it as a synonym of Amphioplus lucyae (Brogger and
O’Hara 2015).

The purpose of the present work was to summarize the
knowledge about the echinoderm species and the proportion
within each class in San Matías Gulf, Río Negro Province.
Besides, we discuss the environmental conditions that can
lead to the current species composition. Additionally to the
bibliography survey, we studied material from the inverte-
brates’ collection of the Museo Argentino de Ciencias
Naturales BBernardino Rivadavia^, and recent material sam-
pled in rocky intertidal and shallowwaters of SanMatías Gulf.
Representation of the different groups of echinoderms and
their distribution ranges are discussed.

Materials and Methods

Study Area

The study was conducted in San Matías Gulf (Río Negro
Province; Fig. 1). This gulf covers an area of 17,000 km2,
the deepest zone retains relatively wastewater whose tem-
perature is stable throughout the year, between 11 and
12 °C, and the maximum depth (∼200 m) is very close to
the geographic center (Escofet et al. 1978). Water circula-
tion is dominated by two eddies, one with cyclonic gyre in
the North and the other with anticyclonic gyre in the South.
An intense thermohaline front divides two water masses
with different oceanographic conditions: relatively cold-
fresh waters placed south of the front, while warm-salty
waters placed north of the front (Piola and Scasso 1988;
Morsan 2009). Bottom sediment close to the coastline is
characterized by sand and gradually mixed with shell frag-
ments, gravel, and mud (muddy sediment is predominant
beyond 50 m depth; Morsan 2009; Morsan et al. 2010). In
particular, the northern region consists of sandy and grav-
elly strips, and the southern part has rocky volcanic out-
crops (Kokot et al. 2004). This province has a macrotidal
regime (average tidal amplitude is 7.62 m with maximum
of 9.2 m) with cliffs and sedimentary abrasion platforms
that alternate with sandy beaches (Morsan 2009; Arribas
et al. 2013). Information about sea surface temperature and
chlorophyll-a in different sampling sites are available in
previous works (Escofet et al. 1978; Arribas et al. 2013;
Bagur et al. 2013).

Sampling

A revision of echinoderm fauna was surveyed by information
from lots of the collection of theMuseo Argentino de Ciencias
Naturales BBernardino Rivadavia^, from references and field
work data since 2009 to the present in the following locations:

Fig. 1 Map of San Matías Gulf surrounding the coast of Río Negro
Province, Southwest Atlantic Ocean
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Balneario El Cóndor (41° 3′ 32″ S–62° 50′ 13″ W), El
Espigón (41° 7′ 6″ S–63° 0′ 23″ W), Caleta de los Loros
(41° 0′ 54″ S–64° 11′ 8″ W), Las Grutas (40° 49′ 26″ S–65°
6′ 2″ W), Playas Doradas (41° 38′ 18″ S–65° 1′ 22″ W), and
Punta Colorada (41° 42′ 7″ S–65° 1′ 23″ W). Field samples
were collected during diurnal time from intertidal to 10 m
depth without a fixed sampling design. Up to 10 individuals
were sampled and stored in 96 % ethanol. In some cases,
samples were stored in 4 % formaldehyde. As during low
tides, almost all echinoderm species are protected under rocks,
the sampling method was performed turning the rocks. Some
species as holothurians can be found in the sediment too. For
sampling sediment, samples were taken and carefully filtered
through a 500-μmmesh to separate the individuals. The iden-
tification of each group was following taxonomic keys, and in
the case of holothurians, the calcareous ossicles were used to
identify individuals to species level.

The analyzed lots from the Museo Argentino de Ciencias
Naturales BBernardino Rivadavia^ (label as MACN) by taxo-
nomical class were as follows:

Class Asteroidea MACN-In: 6526, 6527, 8966, 8967,
8970, 9077, 13377, 13378, 15984, 15985, 15986,
15987, 15988, 21326, 21327, 21328, 27244, 27854,
27855, 27856, 27857, 28199.
Class Echinoidea MACN-In: 6525, 9076, 13370, 13376,
13762, 15992, 15993, 15994, 18415, 21324, 21325,
23682, 25553, 25912.
Class Holothuroidea MACN-In: 6528, 15990, 15991,
18412, 18414, 20552, 21331, 25211.
Class Ophiuroidea MACN-In: 6524, 13379, 15846,
15989, 18413, 20571, 20572, 21329, 21330, 23683,
25210, 27699, 27853, 27862, 27868, 34376.

The percentage of species of the different classes of
echinoderms was calculated to San Matías Gulf, and the
data was compared with information from the Pacific,
Atlantic, Caribbean, and Argentina waters extracted from
Pérez-Ruzafa et al. (2013).

Results

A total of 16 species were found during intertidal and subtidal
field samplings from 2009 to the present in San Matías Gulf.
Asteroidea and Holothuroidea were the classes with more
species followed by the other two classes (Echinoidea and
Ophiuroidea) which only presented 3 species in each group
(Table 1, Fig. 2). From review bibliography, we found 33
species of echinoderms with distribution in San Matías Gulf,
being Asteroidea and Ophiuroidea the classes more studied in
the area (Table 1). In the museum samples, we found 40 lots

corresponding to echinoderms where the most representative
class was Asteroidea (Table 1).

Of all the information gathered in this study, a total of 35
species of echinoderms were found in San Matías Gulf.
Around a 34.29 % of the species of echinoderms from San
Matías Gulf were Asteroidea, 31.43 % Ophiuroidea, 20 %
Echinoidea, and 14.28%Holothuroidea (Fig. 3). Nomembers
of Crinoidea were found in San Matías Gulf. Asteroidea and
Ophiuroidea were the most abundant classes, followed by
Echinoidea and Holothuroidea, being the last one represented
by only 5 species (Table 1).

The percentage of Asteroidea in San Matías Gulf was
similar to that found in the South Pacific Ocean (34.29
and 29 % respectively), and the species percentages of
Ophiuroidea and Echinoidea classes were comparable
with the Caribbean and Atlantic Ocean (Fig. 3). The
holothuroidea pattern found in San Matías Gulf was
different from all the distribution shown by Pérez-
Ruzafa et al. (2013) for the Pacific, Argentina, and Atlantic
and Caribbean waters and further exhibited the lowest per-
centage value (Fig. 3).

Discussion

After the recompilation of the book Echinoderms from Latin-
America (Alvarado and Solís-Marín 2013), this is the first
study that lists all echinoderm fauna from San Matías Gulf,
reckoning 35 species. A total of 130 species are cited for
Argentine waters (Brogger et al. 2013a), being about 30 %
present in San Matías Gulf. Bearing in mind that those species
are found along 370 km of Río Negro Province coast (5 % of
the total Argentine Sea coastal perimeter), it represents a high
diversity zone in the South Atlantic Ocean, very likely as
result of the habitat heterogeneity found in San Matías Gulf
(Escofet et al. 1978; Morsan 2009). Furthermore, seasonal
variations provide the gulf differences at geographical and
temporal scales. In this water mix region (Ramírez 1996),
we can find species from southern waters like the sea
cucumber Hemioedema spectabilis and species from
temperate waters like the brittle star Ophioplocus
januarii. Also, the recent described species Havelockia
pegi and Chiridota pisanii, which are distributed in tem-
perate and cold waters from Patagonia and Buenos
Aires Province, were found in San Matías Gulf
(Pawson 1969; Hernández 1981; Martinez et al. 2013).
In particular, C. pisanii is also at the magellanic area
and gives evidence about the influence of southern wa-
ters in San Matías Gulf. Cold and low salinity waters
which get into San Matías Gulf from the southeast (Piola and
Scasso 1988) may bring new species. Even though the gulf
hosts a great diversity—i.e., 30 % of the Argentine Sea echi-
noderm fauna—no crinoids were reported for this area. One of

Thalassas (2016) 32:11–18 13



the explanations could be the low number of samples taken at
greater depths, where Crinoidea are more abundant
(Mortensen 1918; Brogger et al. 2013a).

Asteroidea and Ophiuroidea were the most abundant clas-
ses in San Matías Gulf. This pattern has also been observed
around the globe, finding between 2000 and 2200 species for

Table 1 List of species corresponding to the four classes of echinoderms present in San Matías Gulf extracted by bibliography, collection items from
the Museo Argentino de Ciencias Naturales (MACN-In), and field sampling, with depth data from literature

Species Bibliography MACN-In Field sampling Depth (m)

Asteroidea

Allostichaster capensis (Perrier, 1875) Bernasconi 1964 8967 X 0–100

Anasterias minuta Perrier, 1875 Bernasconi 1973 X 0–100

Anasterias pedicellaris Koehler, 1923 Bernasconi 1973 0–120

Astropecten brasiliensis Müller &
Troschel, 1842

Bernasconi 1964 9077 0–360

Cosmasterias lurida (Philippi, 1858) Bernasconi 1973 6526, 21328 X 0–650

Ctenodiscus australis Lütken, 1871 Bernasconi 1973 X 70–4605

Cycethra verrucosa (Philippi, 1857) Bernasconi 1973; Bernasconi 1964 21327, 15984, 6527, 13378 X 0–500

Diplasterias brandti (Bell, 1881) Bernasconi 1973 15988 0–450

Diplodontias singularis
(Müller & Troschel, 1843)

Bernasconi 1962 0–84

Ganeria falklandica Gray, 1847 Bernasconi 1973; Bernasconi 1964 21326, 8970, 15986, 8966 0–135

Henricia obesa (Sladen, 1889) Bernasconi 1973; Bernasconi 1980 15987 22–210

Luidia ludwigi scotti Bell, 1917 27857 33–126

Echinoidea

Abatus cavernosus (Philippi, 1845) Bernasconi 1953; Bernasconi 1966 25553 X 1–676

Abatus philippii Lovén, 1871 Bernasconi 1953 71–225

Arbacia dufresnii (Blainville, 1825) Bernasconi 1973 21324, 25912, 15994, 6525,
18415, 13370, 13376, 23682

X 1–137

Austrocidaris canaliculata (A. Agassiz, 1863) Bernasconi 1973 9076 1–424

Pseudechinus magellanicus (Philippi, 1857) Bernasconi 1973 21325, 15993 X 1–361

Sterechinus agassizii Mortensen, 1910 Bernasconi 1973 24–470

Tripylaster philippii (Gray, 1851) Bernasconi 1973 15992 13–595

Holothuroidea

Chiridota marenzelleri Perrier R., 1904 Hernández 1981 18412 X 40–150

Chiridota pisanii Ludwig, 1887 X 0–159

Havelockia pegi
Martinez et al. 2013

Martinez et al. 2013 X 10–48

Hemioedema spectabilis (Ludwig, 1883) Hernández 1981 21331, 25211, 6528, 20552 X 2–160

Pentactella leonina (Semper, 1867) Hernández 1981 X 0–340

Ophiuroidea

Amphipholis squamata (Delle Chiaje, 1828) Bernasconi and D’Agostino 1971;
Bernasconi and D’Agostino 1977

X 0–250

Amphioplus lucyae Tommasi, 1971 Brogger and O’Hara 2015 27862 0–510

Amphioplus albidus (Ljungman, 1867) Bernasconi and D’Agostino 1977 1–500

Amphiura crassipes Ljungman, 1867 Bernasconi and D’Agostino 1977 27699 0–54

Amphiura eugeniae Ljungman, 1867 Bernasconi and D’Agostino 1977 0–146

Amphiura magellanica Ljungman, 1867 Bernasconi and D’Agostino 1977 0–183

Amphiura princeps Koehler, 1907 Bernasconi and D’Agostino 1977 20572 0–107

Gorgonocephalus chilensis (Philippi, 1858) Bernasconi and D’Agostino 1971 0–500

Ophiacantha vivipara Ljungman, 1870 Bernasconi 1973 34376 0–1097

Ophiactis asperula (Philippi, 1858) Bernasconi and D’Agostino 1971;
Bernasconi and D’Agostino 1977

X 0–310

Ophioplocus januarii (Lütken, 1856) Bernasconi and D’Agostino 1971;
Bernasconi and D’Agostino 1977

6524, 13379, 15989 X 0–180
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these two classes (Pawson 2007). In our study, Echinoidea
presented higher number of species than Holothuroidea,

contrary to the pattern worldwide (1600 species of
Holothuroidea and 800 of Echinoidea; Pawson 2007). A bi-
ased sampling, due to holothurians that can live both
endofaunal and epifaunal, can lead to a wrong result.
Increased sampling effort in Holothuroidea and sampling on
deepest waters could lead to different results.

Comparing echinoderm fauna of San Matías Gulf with the
Atlantic, Caribbean, and Pacific (see Pérez-Ruzafa et al. 2013)
waters up to 200m depth, we found a mixed pattern in relation
with percentage of species in each class. Asteroidea in San
Matías Gulf presented higher species percentage compared
with Pacific, Atlantic, and Caribbean waters, but lower per-
centage in relation with Argentine Sea. Otherwise,
Ophiuroidea percentage presented higher percentage of spe-
cies than in Pacific and Argentine waters. This result shows
the unique relation among echinoderm classes that we can find
in San Matías Gulf compared with the Argentine Sea,
Atlantic, Caribbean, and Pacific, and besides, the high propor-
tion of echinoderm fauna found in San Matías Gulf (i.e., 35
species in 370 km of the 130 cited for Argentine waters) could
be attributed to the different microhabitats that compound the
Gulf (Escofet et al. 1978; Morsan 2009) and local environ-
mental characteristics (Piola and Scasso 1988; Arribas et al.
2013; Bagur et al. 2013).

Species such as Ophioplocus januarii, with distribution in
San Matías Gulf, reproduced all along the year and may pres-
ent a mixed reproductive pattern with transitional tropical/
subtropical continuous reproduction with a temperate repro-
ductive cycle and a clear seasonality of spawning (Brogger
et al. 2013b). Moreover, in this area, we can find brooders
species, such as Anasterias minuta, Abatus cavernosus, and
Ophiacantha vivipara (Gil and Zaixso 2007; Gil et al. 2009;
Martín-Ledo et al. 2013). Brooding behavior has been de-
scribed for many temperate, sub-Antarctic and Antarctic echi-
noderms (McEuen and Chia 1991; Sewell 1994; Gil and
Zaixso 2007; Hamel et al. 2007; Gil et al. 2009; Martinez
et al. 2011; Martín-Ledo et al. 2013), in contrast with tropical
and subtropical species (Gil and Zaixso 2007). Temperature
and photoperiod are important environmental factors that
could regulate biological functions (Pearse et al. 1986; Gil
et al. 2009; Mercier and Hamel 2009; Pérez et al. 2010; Gil
et al. 2011; Martinez et al. 2011; Brogger et al. 2013b). The
cyclic reproductive pattern in some echinoderms is generally
associated with local environmental factors (i.e., mainly water
temperature and photoperiod), and these factors seem to affect
the population aggregation and the spawning associated with
reproductive success (Hamel and Mercier 1995; Marzinelli
et al. 2006; Mercier and Hamel 2009). Despite the lack of
seasonal reproductive information in relation with oceano-
graphic parameters of brooders species such as A. minuta,
A. cavernosus, and O. vivipara, or species with free-
swimming larvae in San Matías Gulf, we can suggest that
environmental conditions (i.e., northern warmer and southern

Fig. 2 Two representatives of each class of echinoderms present in San
Matías Gulf: a Gorgonocephalus chilensis; b Allostichaster capensis; c
Ophioplocus januarii; d Hemioedema spectabilis; e Arbacia dufresnii
and Pseudechinus magellanicus; f Anasterias minuta; g Chiridota
pisanii; h Pseudechinus magellanicus. Scale 1 cm

Fig. 3 Percentage of species of the different classes of echinoderms in
the Pacific, Atlantic, Caribbean, Argentina, and San Matías Gulf waters.
Data from the Pacific, Atlantic, Caribbean, and Argentina modified from
Pérez-Ruzafa et al. (2013)
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colder waters in the Gulf) are important features to host spe-
cies with different biological needs and reproductive habits.

Global biodiversity is under increasing pressure from envi-
ronmental variation threatened by anthropogenic global climate
change (Harley et al. 2006; Wernberg et al. 2011) which affects
large-scale oceanographic variables such as pH, salinity, and sea
surface temperature (Harley et al. 2006). Responses of organ-
isms to a gradual climate change are expressed in the latitudinal
modification in species abundance and migration of biogeo-
graphic boundaries (Barry et al. 1995; Blockley et al. 2007;
Harley 2011). Understanding species variation allows identify-
ing the importance of environmental controls on population
structure and anticipates potential consequences of regional
changes on local populations (Helmuth et al. 2006).
Fluctuations in oceanographic parameters as temperature, salin-
ity, and oxygen can have significant influences on population
parameters (e.g., growth Blanchette et al. 2006) or mortality
(Lathlean et al. 2010). In the case of salinity, it may affect the
species triggering a reduction in the survival rate (MacGinitie
1939;Watts and Lawrence 1990). For example, in asteroids, the
feed rate and the ratio of activity have decreased in response to
the stress generated upon exposure to different concentrations
of salt (Held and Harley 2009). In San Matías Gulf, species are
exposed to warmwaters with high salinity, and cold waters with
low salinity (Gagliardini and Rivas 2004), being possible im-
portant areas of biodiversity stability facing a climate change.

We conclude that in order to amplify the information of this
high diversity region, more studies must take place in deepest
regions of San Matías Gulf, where low number of samples
have been taken. This will enlarge the list of species and could
lead to find crinoids in this region. Moreover, the study of
transitional areas could give some clues about the pattern of
biogeographical regions in the Argentine Sea increasing the
previous knowledge (Spalding et al. 2007; Balech and Ehrlich
2008) in this North Patagonian gulf.
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