Echinoderms from the Gulf of Venezuela,
north-western coast of Venezuela
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Abstract. Echinoderms are a major group of marine invertebrates that often play integral roles within the marine ecosystem.
Studies about their occurrence, abundance, and distribution in Venezuela are focused in the central-eastern coasts; hence the
aim of this study is to describe the echinoderm community in the north-western coast of the Gulf of Venezuela. Samples
were collected from three sites in the Venezuelan Guajira Peninsula (Castilletes, Porshoure, and Kazuzain) where patchy coral
reefs and seagrass meadows are abundant. According to the substrate, two methods were performed using quantitative
(1 m? quadrates), and qualitative free-diving observations. All organisms were counted and identified to the lowest possible
taxonomic level; finally, diversity (Shannon diversity index), richness (number of species), and dominance in the different
sampled substrates were recorded. The updated list of echinoderms of the Gulf of Venezuela reported in this research, includes
20 genera, 15 families, 10 orders, four classes, and 28 species. The richest class was Ophiuroidea, with 18 species, followed by
Asteroidea, Echinoidea and Holothuroidea, with three species each. Castilletes was the sampling site with the higher number
of species (18 species), followed by Porshoure (15 species), and lastly Kazuzain (12 species). Our observations indicate that the
number of species and abundance were higher when found in coral reefs (21 species, 80.69% of the total collected individuals)
in contrast to the species found in seagrass beds (16 species, 19.31% of the total of individuals collected). This updated list
of echinoderms represents 11.54% of the total diversity of the phylum in the marine areas from the coast of Venezuela; it is
suggested that this percentage is greatly influenced by the differences of habitats and substrates alongside the north-western
coast in the Gulf of Venezuela.
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INTRODUCTION

The phylum Echinodermata is, except for a
few brackish water forms, a group of marine an-
imals with radial symmetry that includes sea lilies
(Crinoidea), brittle stars, basket stars (Ophiroidea),
starfish (Asteroidea), sea urchins, sand dollars
(Echinoidea), and sea cucumbers (Holoturoidea)
(Hendler et al, 1995; Pawson, 2007; Azofeifa-
Solano et al,, 2017; Kuk-Dzul et al., 2019). This phy-
lum consists of approximately 7,000 living species
and 13,000 extinct species (Pawson, 2007). It is
well known that the Caribbean Sea is considered
a unique bio-geographic region, and it is among
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the top five hotspots in the world for marine bio-
diversity (Rivera-Monroy et al., 2004). In the Wider
Caribbean, the echinoderm diversity is composed
of 433 species, 237 genera, 80 families, and 29 or-
ders, catalogued in five classes, with four endemic
species (Alvarado, 2011; Alvarado & Solis-Marin,
2013), which represents 6.5% of the total diversity
of the phylum worldwide (Alvarado, 2011).

In Venezuela, echinoderms have been poor-
ly studied, in contrast to other groups of marine
invertebrates (Noriega et al, 2006; Alvarado,
2011; Alvarado & Solis-Marin, 2013). Lodeiros
et al. (2013) listed 234 species, 97.97% from the
Caribbean coast, and 2.13% from the Atlantic

ISSN On-Line: 1807-0205
ISSN Printed: 0031-1049
ISNI: 0000-0004-0384-1825

(D)=



Pap. Avulsos Zool., 2021; v.61: €20216151
2/6

coast of Venezuela. The most diverse class is Asteroidea
(26.92%), followed by Holothuroidea (22.65%), and lastly
Crinoidea (6.84%). However, they suggest that the list of
echinoderms from Venezuela is more extensive than pre-
sented, and the distribution of these organisms requires
the incorporation of more detailed spatial analyses in-
cluding the entire Venezuelan coastline.

Thirteen ecoregions were described for the
Venezuelan coast, characterized by their ecological, phys-
ical, and oceanographic features (Miloslavich et al,, 2003).
Previous research has found that the Gulf of Venezuela
has the smallest number of echinoderms species re-
corded for the country (1.67%), with only eight species
identified, distributed in six genera, six families, and five
orders (Lodeiros et al., 2013). Studies on taxonomy, ecol-
ogy of echinoderm populations and communities have
been focused primarily in the central-eastern coasts of
the country, mostly referring to abundance and distri-
bution of Echinoidea, Holothuroidea, and Ophiuroidea
(Lodeiros et al, 2013); hence the small representation
of the phylum in the Gulf of Venezuela. The aim of this
study is to describe the echinoderm community from the
north-western coast of the Gulf of Venezuela and present
an updated list of the echinoderms for this region.

MATERIAL AND METHODS
Study area

The study sites are located in the Gulf of
Venezuela, northern South America (00°45'-15°40'N,
59°47'-73°22'W), and comprise the northwest coast
Venezuelan Guajira Peninsula. This border area has an
extension of approximately 88 km, from the town of
Neima to Castilletes. Within this coastline, three sam-
pling sites with coral reefs and seagrass meadows were
chosen: Castilletes, Porshoure, and Kazuzain (from north
to south) (Fig. 1) (Moran et al., 2014).

These localities present an arid-semiarid climate,
which is marked seasonally in its precipitation and the ac-
tion of the northeast trade winds (Masciangioli & Febres,
2000; Medina & Barboza, 2003). The total annual rainfall
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Figure 1. Geographical location of sampling sites (Kazuzain, Porshoure,
(astilletes) within the Gulf of Venezuela and its relative position in South America.
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is 1,000 mm and it is distributed in different amounts
throughout the annual cycle, with two marked periods
(dry and wet). The dry period is from December to April,
with its peak between February and March; these months
are characterized by the total absence of rain. The rain
period is from July to November, with maximum precip-
itation records in October, with approximately 200 mm.
From April to June, it is known to be a transition stage
between these two periods (Masciangioli & Febres, 2000;
Alvarez-Leodn et al,, 2003).

General descriptions of the sampling sites

Kazuzain (K) is located at 11°36'27.5"N, 71°53'48.7"'W
(Fig. 1): It is an area surrounded by the creeks Neima, at
the south, and Cojoro, to the north, which discharge a
large volume of water during rainy seasons and produce
a high rate of sediment resuspension (Rodriguez, 2000;
Moran et al,, 2014; Rojas-Canizales et al, 2020). This lo-
cality is characterized by patches of seagrass meadows
with short leaves (Lopez-Hernandez et al, 2010) and
some scattered stony corals (Barrios-Garrido et al., 2016).
Sample collection average depth was 3 m (Pernia, 2011).

Porshoure (P) is located at 11°41'58"N, 71°31'47"W
(Fig. 1): This locality is characterized by large patches of
seagrass meadows and small patches of scattered coral
reefs. The sediment resuspension rate is lower than in
Kazuzain, recording at several points total water trans-
parency (Nava & Severeyn, 2010; Wildermann, 2012;
Moran et al., 2014). Sample collection average depth was
4 m (Pernia, 2011; Moran et al., 2014).

Castilletes (C) is located at 11°48'30"N, 71°23'25"W
(Fig. 1): It is characterized by large patches of seagrass
meadows with larger leaves than in Kazuzain (Lépez-
Hernadndez et al, 2010) and large patches of coral reefs
(Barrios-Garrido et al., 2016). The sediment resuspension
is almost non-existent, and it is heavily influenced by the
Caribbean Sea currents and winds (Rodriguez & Morales,
2000; Wildermann, 2012; Barrios-Garrido et al, 2016).
Sampling average depth was 4 m (Pernia, 2011; Moran
etal, 2014).

Data collection and analysis

Data was collected between April and September
2010, following two methodologies depending on the
substrate where the specimens were collected: seagrass
beds and coral reef patches. For the patches of seagrass
beds, we established a 100 m transect perpendicular to
the coast, and at every 20 m we placed a 1 m? quadrate to
count and collect all visible echinoderms, together with
arandom sediment sample using an Ekman dredge (cap-
ture area 0.022 m?) to identify small, buried echinoderms
(Gémez Gaspar, 2000; Pernia, 2011).

In places with coral reefs, we evaluated three ran-
domly chosen patches. Each patch was measured and
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checked to identify and collect by hand any visible echi-
noderms. In addition, a coral sample (500-7,000 cm?) and
a sediment sample (with an Ekman dredge 0.022 m?)
were taken to collect small echinoderms inside the
rocky/coral substrate and buried in the surrounding ar-
eas (CARICOMP, 2001; Pernia, 2011).

Samples were placed in hermetically sealed and
properly labelled plastic bags. Echinoids, asteroids, and
ophiuroids were relaxed with progressive decreases
in salinity, while holothuroids were narcotized by add-
ing effervescent antacid tablets, then both ends were
tied to prevent evisceration (Smaldon & Lee, 1979).
Subsequently, all organisms were preserved in 70% ethyl
alcohol, changing it every 48 hours until the liquid re-
mained clear (Smaldon & Lee, 1979; Pernia, 2011).

In the laboratory, all specimens were identified to the
lowest possible taxonomic level by direct observation,
using a stereoscopic magnifying glass and the identi-
fication keys by Zoppi de Roa (1967) and Hendler et al.
(1995). All species names were confirmed and updat-
ed according to the WoRMS (2020). Indices of diversity
and richness were calculated (Pernia, 2011; Moran et al.,
2014). All data were inserted and analized in an Excel®
2010 spreadsheet. Diversity indices were compared
across the sampling sites with a Kruskal-Wallis analysis
(STATISTICA, 2004; Pernia, 2011; Moran et al., 2014).

RESULTS

A total of 259 specimens were collected at the three
sampling sites. The list of echinoderms of the Gulf of
Venezuela reported in this research, includes 28 species
(Table 2),20 genera, 15 families, 10 orders and four classes
(Table 1). The richest class was Ophiuroidea with 18 spe-
cies, then Asteroidea, Echinoidea and Holothuroidea with
three species each. All 18 ophiuroid species are reported
as new species for the Maracaibo Lake System. Castilletes
was the sampling site with the highest number of spe-
cies (18 species), followed by Porshoure (15 species), and
lastly Kazuzain (12 species) (Fig. 2).

The Shannon-Weiner diversity index (H') presented
a slight difference regarding the order of the most di-
verse sampling site; Porshoure showed the highest di-
versity (H'= 3.44), followed by Castilletes (H' = 3.03), and
Kazuzain (H' = 3.01). It is important to mention that this
index is biased towards the relative abundance of the
species, and even though Castilletes showed the highest
number of species, this locality did not show large num-
bers of individuals per species, which results in no sig-

Table 1. Number of echinoderm species, genera, families and orders record-
ed at the Gulf of Venezuela.

Class Order Family Genus Species
Asteroidea 2 3 3 3
Echinoidea 3 3 4 4
Holothuroidea 3 3 3 3
Ophiuroidea 2 6 10 18
Total 10 15 20 28
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Figure 2. Number of echinoderm species encountered in each sampling site
according to the substrate (seagrass medows or coral reef patches) during the
sampling period.

nificant differences among the sampling sites (H = 26.00;
p=0.4631).

Overall, the most dominant species in the Gulf of
Venezuela was Echinometra lucunter (Linnaeus, 1758)
(23.55%), followed by Ophiactis savignyi (Miller &
Troschel, 1842) (21.24%).The least dominant species were
Tripneustes ventricosus (Lamarck, 1816), Ophiothrix an-
gulata (Say, 1825), Ophiophragmus wurdemanii (Lyman,
1860), Ophiothrix oerstedii (Lltken, 1856), Ophiothrix lin-

Table 2. List of Echinoderms identified in the Gulf of Venezuela.

Class Order Family Species
Asteroidea Valvatida Oreasteridae Oreaster reticulatus
Ophidiasteridae Linckia guildingi
Spinulosida Echinasteridae Echinaster echinophorus
Echinoidea Camarodonta Toxopneustidae Lytechinus variegatus
Tripneustes ventricosus
Echinometridae Echinometra lucunter
Diadematoida Diadematidae Diadema antillarum
Holothuroidea Synallactida Stichopodidae Isostichopus badionotus
Aspidochirotida  Holothuriidae Holothuria surinamensis
Dendrochirotida ~ Sclerodactylidae Euthyonidiella trita
Ophiuroidea Ophiacanthida Ophiodermatidae Ophioderma appressum
Amphilepidida  Ophiolepididae Ophiolepis gemma
Ophionereididae Ophionereis reticulata
Ophiactidae Ophiactis muelleri
Ophiactis savignyi
Ophiotrichidae Ophiothrix angulata
Ophiothrix brachyactis
Ophiothrix oerstedii
Ophiothrix lineata
Acanthaphiothrix suensoni
Amphiuridae Microphiopholis atra
Amphioplus sepultus
Amphioplus thrombodes
Amphioplus sp.
Amphipholis squamata
Ophistigma sp.
Ophiostigma isocanthum

Ophiophragmus wurdemanii
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eata (Lyman, 1860), Acanthophiothrix suensoni (Litken,
1856), Amphipholis squamata (Delle Chiaje, 1828), and
Ophiostigma sp. with 0.39% of dominance. According
to the sampling sites, in Porshoure, two species of ophi-
uroids (O. brachyactis and O. oerstedii) were the most
dominant (18.52%), in Kazuzain Ophiothrix brachyactis
(H.L. Clark, 1915) (30%) and E. lucunter (23%) showed the
highest dominance. In Castilletes, T. ventricosus present-
ed 34.86% of dominance, and secondly, O. brachyactis
(20.57%). Diadema antillarum (Philippi, 1845) was only
recorded once by direct observations in the neighbor-
ing localities, and, for this reason, it was not included in
the ecological analysis but added in the final species list
(Table 2).

DISCUSSION

The Gulf of Venezuela is known as an important area
for recruitment and development of marine organisms
(Ali6, 2000). It is considered as a refuge (alongside the
Caribbean coast of Colombia) due to the occurrence
of cold and nutrient-rich upwelling waters (Miloslavich
etal, 2010; Rueda-Roa & Muller-Karger, 2013). Filled with
an enormous biotic richness (Rodriguez & Morales, 2000)
it has a total of 28 species of echinoderms, representing
11.54% of the total diversity of the phylum in marine ar-
eas from the coast of Venezuela (Lodeiros et al., 2013).
The composition of echinoderm species in the Gulf of
Venezuela is similar to that of the Caribbean, presenting
an apparent homogeneous distribution mostly attribut-
ed to the local current patterns and semi-enclosed na-
ture (Alvarado, 2011; Alvarado & Solis-Marin, 2013). This
area has been recognized as an important region for oth-
er species of marine benthic faunal groups, with many
habitats ideal for the development of echinoderms that
are known to be key species in several marine ecosys-
tems (Alvarado, 2011; Lodeiros et al,, 2013).

Our records indicate that the number of species and
abundance were higher in coral reef habitats (21 species,
80.69% of the total of individuals collected) in contrast
to seagrass beds (17 species, 19.31% of the total of in-
dividuals collected) (Table 3) (Fig. 2). Garcia et al. (2008)
explain that coral reefs provide not only nutrients, but
also larger spectrum habitats for refuge and growth of
several species. The Gulf of Venezuela could also be rec-
ognized as an important region for coral reef settlements
(Barrios-Garrido et al., 2016), with a few cryptic habitats
ideal for the development of the Ophiuroidea, which is
the most diverse echinoderm group in the area (18 spe-
cies, N = 28); our findings are contrary to that of Lodeiros
et al. (2013), which documented no records of this class
for the Gulf of Venezuela and other regions alongside the
Venezuela coast (e.g., Cariaco trench, Tocuyo, and some
Oceanic areas). Despite the availability of nutrients found
in the Gulf of Venezuela, the distribution of species is like-
ly to be influenced by the substrate for recruitment and
development. Similar findings were described by pre-
vious researchers (Bitter, 1999; Alvarado, 2011). Further
research is needed to understand the role of this ecosys-
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Table 3. Distribution of echinoderm species according to the type of sub-
strate in the north-western coast of the Gulf of Venezuela.

Type of Substrate

Coral Reefs Coral reefs and Seagrass meadows Seagrass meadows

Echinaster echinophorus  Oreaster reticulatus Echinometra lucunter
Tripneustes ventricosus Linckia guildingi Ophioderma appressum
Euthyonidiella trita Lytechinus variegatus Ophiothrix angulata
Ophiolepis gemma Isostichopus badionotus Ophiothrix oerstedii
Ophionereis reticulata Holothuria surinamensis Ophiothrix lineata
Ophiactis muelleri Ophiactis savignyi Amphipholis squamata

Acanthaphiothrix suensoni ~ Ophiothrix brachyactis
Ophistigma sp. Microphiopholis atra
Ophiostigma isocanthum  Amphioplus sepultus
Ophiophragmus wurdemanii Amphioplus thrombodes

Diadema antillarum Amphioplus sp.

tem in the distribution of echinoderms in the Southern
Caribbean.

Our results show that 13 species (n = 21 species) of
ophiuroids were found in coral reef patches. According
to the sampling sites, Castilletes exhibits the highest spe-
cies diversity of echinoderms (18 species, N = 28) (Fig. 2),
due in part to the rich coastal habitats (large patches of
coral reefs), which are known to be the most diverse eco-
systems in the marine realm (Pandolfi et al,, 2003; Nava
& Severeyn, 2010; Alvarado, 2011; Barrios-Garrido et al.,
2016). Previous authors have found ophiuroids as the
most diverse group in other coastal areas in Venezuela
(Gébmez Maduro & Hernandez Avila, 2011, Noriega &
Fuentes-Carrero, 2014), mostly recorded in coral reefs,
rocky reefs, and mangroves (Noriega & Fuentes-Carrero,
2014).The high diversity of ophiuroids in Castilletes sam-
pling sites may be related to the notorious influence of
marine currents, nutrients, and larvae dispersal from the
Caribbean as stated by Alvarado (2011) for echinoderm
communities within the Caribbean basin.

Although the class Ophiuroidea had the highest
number of species in the Gulf of Venezuela, the most
dominant species was Echinometra lucunter (23.55%), a
sea urchin that, in our study, was found only in Castilletes.
This species is frequently associated with rocky reef en-
vironments, close to Castilletes in Punta Perret (Pulido-
Petit et al,, 2017). It is known that species of Echinometra
maintain erosion levels in the areas they inhabit and
are commonly found in limestone reefs (Hendler et al,
1995). Similarly, other authors have reported E. lucunter
in environments closely related to rocky substrates, and
it is indicated as common and an abundant species in
several places throughout the Caribbean and other ar-
eas towards the northeastern coast of Brazil (Hendler
et al, 1995; Bolafos et al, 2005; Alvarado et al, 2008,
Gaitan Espitia, 2008; Gondim et al,, 2018; McClanahan &
Muthiga, 2020).

The extraction and fishing of sea urchins and sea
cucumbers in Venezuela is mainly documented in the
eastern coast, although not always commercially ex-
ploited under the administration of the corresponding
authorities (Lodeiros et al, 2013); and it is suggested
that the consumption, extraction and/or fishing of echi-
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noderm species in the Gulf of Venezuela is non-existant.
Nevertheless, an illegal trade of several marine benthic
invertebrates has been reported, mainly for ornamental
and decorative uses (Lodeiros et al., 2013; Rojas-Canizales
et al, 2020). It is important in the future to understand
the ecological role (food webs, erosion functionality, and
compartmentalisation of the habitat) of sea urchins and
sea cucumber species in the study area, and its potential
use as a food item by local human communities if need-
ed (Alid, 2000; Lodeiros et al.,, 2013).

Several studies about benthic communities in the
Venezuelan Guajira have been performed mostly fo-
cusing on mollusks, due to their economic value in the
region, often collected as a protein source, bait, deco-
rations, among others (Ali6, 2000; Rodriguez & Morales,
2000). Echinoderms are ranked as the last group of in-
vertebrates studied in the Maracaibo System, main-
ly due to its estuarine nature (Rodriguez & Morales,
2000), where most echinoderms are not well adapted
to develop and survive (Alvarado, 2011; Lodeiros et al.,
2013). Marine environments are only found in the Gulf
of Venezuela, a region essentially isolated and difficult to
access (Rodriguez, 2000). Despite these facts, this study
has provided some information on the different classes,
families and species of echinoderms in the north-west-
ern coast of the Gulf of Venezuela. The spatial-temporal
distribution of these echinoderms, as well as their den-
sity, growth rates, reproduction, and other population
and community parameters require detailed additional
studies. The inclusion of other areas (e.g., Cocinetas ma-
rine lagoon and its mangrove submerged roots), also will
generate information in order to develop strategies for
their conservation and management (Alvarado, 2011;
Lodeiros etal, 2013; Moran et al., 2014).
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