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Abstract. Isostichopus badionotus (Selenka, 1867) is distributed in the Atlantic Ocean. It has been 
recognized as a species with highly variable intraspecifi c coloration. To clarify taxonomic confusion and 
show the characters for correct identifi cation of this valuable species, mitochondrial DNA (16S and COI), 
color patterns, external and internal morphology, ossicles, and habitat were examined in specimens from 
museum collections and from original sampling. As part of the revision, I. fuscus (Ludwig, 1875) from 
the Eastern Pacifi c Ocean and I. macroparentheses (Clark, 1922) from the Caribbean Sea, the only other 
two species currently recognized in the genus Isostichopus, were included. It was concluded that I. fuscus 
and I. macroparentheses are distinct and valid species, and that I. badionotus consists of two species: 
I. badionotus and I. maculatus (Greeff, 1882), previously synonymized as I. baqdionotus by Clark 
(1922). Isostichopus maculatus includes two subspecies, the nominal I. maculatus maculatus (Greeff, 
1882) and I. maculatus phoenius (Clark, 1922), described as Stichopus badionotus var. phoenius Clark, 
1922. Isostichopus maculatus maculatus, distributed in the East Atlantic, is very similar to I. maculatus 
phoenius, but differs in DNA characters, color pattern, and the size and shape of the tables in the dorsal 
papillae. Isostichopus maculatus phoenius, widely distributed in the Caribbean Sea and the Gulf of 
Mexico, is sympatric with I. badionotus, has similar ossicles but is clearly distinguished by its DNA 
sequences, color patterns, and habitat preferences. For the fi rst time, ossicles from internal organs are 
described for Isostichopus, enhancing original species descriptions. Distribution maps, habitat, biology, 
conservation status, and a taxonomic key for distinguishing these species to aid their fi shery management 
and aquaculture are presented. 

Keywords. Integrative taxonomy, Atlantic, Eastern Pacifi c, commercially important, conservation 
status.



European Journal of Taxonomy 949: 1–96 (2024)

2

Borrero-Pérez G.H., Solís-Marín F.A. & Lessios H. 2024. Understanding the color variability and resolving 
taxonomic confusion in the sea cucumber Isostichopus badionotus (Echinodermata, Holothuroidea): a revision 
of the genus Isostichopus. European Journal of Taxonomy 949: 1–96. https://doi.org/10.5852/ejt.2024.949.2641

Table of contents
Abstract  ................................................................................................................................................... 1
Introduction  ............................................................................................................................................. 2
Material and methods  .............................................................................................................................. 3

Sampling of taxa, color patterns, and habitat preference  .................................................................... 3
Collection acronyms, museum vouchers and type material  ............................................................... 4
Morphological description and terminology  ....................................................................................... 4
DNA extraction, amplifi cation, sequencing, and analysis  .................................................................. 5

Results  ................................................................................................................................................... 15
Molecular analyses and species delineation  ..................................................................................... 15
Systematic account  ........................................................................................................................... 17

Isostichopus badionotus (Selenka, 1867)  ..................................................................................... 21
Isostichopus maculatus maculatus (Greeff, 1882)  ....................................................................... 41
Isostichopus maculatus phoenius (Clark, 1922)  ........................................................................... 50
Isostichopus fuscus (Ludwig, 1875)  ............................................................................................. 63
Isostichopus macroparentheses (Clark, 1922)  .............................................................................. 72

Key to the species of the genus Isostichopus  .................................................................................... 81
Discussion  ............................................................................................................................................. 81
Acknowledgments  ................................................................................................................................. 83
References  ............................................................................................................................................. 84

Introduction
The genus Isostichopus, erected by Deichmann (1958) and distributed in the Eastern Pacifi c and the 
Atlantic Ocean, is easily recognized by external morphology and ossicles. However, identifying the species 
within the genus is not easy because of their similarity in ossicle shape and their ontogenetic variation. 
Currently, Isostichopus includes three species: I. badionotus (Selenka, 1867), I. macroparentheses 
(Clark, 1922), and I. fuscus (Ludwig, 1875). Molecular phylogeny of the family Stichopodidae has 
recovered the genus as a monophyletic clade, sister to all species of Stichopus Brandt, 1835 (Byrne et al. 
2010), a mainly Indo-West Pacifi c genus, with some species in the Eastern Pacifi c (Uthicke et al. 2010; 
Wen et al. 2011).

The “tree-rowed”, “four-sided”, or “chocolate chip” sea cucumber Isostichopus badionotus, previously 
Stichopus badionotus, has been the subject of extensive taxonomic confusion that involves the other two 
species, I. macroparentheses, and I. fuscus. Clark (1922) synonymized all eight species of Stichopus 
described at that time in the West and East Atlantic Ocean under a single name, Stichopus badionotus. 
On the basis of his detailed revision, I. badionotus has been recognized and accepted as a highly color 
variable species widely distributed in the Atlantic Ocean, including Angola (Bell 1883; Théel 1886, 
previously described as Stichopus assimilis Bell, 1883), the Gulf of Guinea (Greeff 1882; described 
as Stichopus maculatus Greeff, 1882; Cherbonnier 1975, as Stichopus badionotus), Ascension Island 
(as Isostichopus badionotus Pawson 1978, Cape Verde Island (also as I. badionotus Pérez-Ruzafa 
et al. 1999, 2003; Entrambasaguas 2008; Entrambasaguas et al. 2008), Bermuda, east coast of United 
States from North Carolina to Florida, Haiti (Semper 1868, originally described as Stichopus haytiensis 
Semper, 1868), the Virgin Islands (Sluiter 1910, as Stichopus haytiensis), Bermuda (Heilprin 1888 and 
Clark 1899, described as Stichopus diaboli Heilprin, 1888 and Stichopus xanthomela Heilprin, 1888), 
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Gulf of Mexico, Caribbean Sea, and the subtropical Atlantic (Brazil) (Deichmann 1957, as Stichopus 
badionotus; Miller & Pawson 1984; Hendler et al. 1995; Cutress 1996; Pawson et al. 2010; Borrero-
Pérez et al. 2012; Purcell et al. 2012; Toral Granda et al. 2013; Prata et al. 2014, as I. badionotus). 

Clark (1922) assigned a single specimen collected on Buccoo Reef (Tobago) to Stichopus badionotus 
var. phoenius (see also Clark 1933: 1909). He thought that it was justifi able to recognize a separate 
variety for this specimen because of its bright carmine-red color in life. However, this variety has 
not been noted since Clark (1933). Clark (1922) described Stichopus macroparentheses (currently 
I. macroparentheses) as a new species based on two juvenile specimens; Deichmann (1957) synonymized 
I. macroparentheses (as S. macroparentheses) with I. badionotus (as S. badionotus). Since then, some 
authors have considered I. macroparentheses as a subjective junior synonym of I. badionotus (Miller & 
Pawson 1984; Cutress 1996; Pawson et al. 2010), whereas others continued to consider it as a valid 
species, but without a morphological description that includes adult specimens to identify diagnostic 
characters (Pawson 1976; Laguarda-Figueras et al. 2005; Alvarado & Solís-Marín 2013). In addition, 
Clark (1922) considered Isostichopus fuscus from the Eastern Pacifi c as a form that “had never been 
adequately diagnosed or associated with any well-known holothurians”. Deichmann (1958) clarifi ed 
the taxonomic status of I. fuscus, recognizing part of Selenka’s cotypes of I. badionotus as I. fuscus and 
proposing morphological characters for distinguishing them. 

Isostichopus, especially I. badionotus and I. fuscus, can be considered as the most valuable species in 
the holothuroid fi shery industry of the Caribbean Sea and the Eastern Tropical Pacifi c, respectively 
(Purcell et al. 2012). Indiscriminate and illegal exploitation occurs in many Caribbean and Pacifi c 
regions (Toral-Granda 2008a, 2008b; Rogers et al. 2017). An extreme exploitation case was reported 
for I. fuscus in the Galapagos Islands, which led to the inclusion of this species in the IUCN red list of 
threatened species in the category of “Endangered” and Appendix III of CITES (Toral-Granda 2008b; 
Mercier et al. 2013). Isostichopus badionotus is included in the IUCN red list in the category of “Least 
Concern” (Toral-Granda et al. 2013). Because of the increasing value of I. badionotus in the fi shery 
industry in the Caribbean Sea, efforts to characterize natural populations for fi shery management and to 
farm it have been developed in many countries (Guzmán & Guevara 2002; Guzmán et al. 2003; Alfonso 
et al. 2004; Lacerda-Miceli & Scott 2005; Toral-Granda 2008a; Invemar 2013, 2014, 2015; Rodríguez-
Forero et al. 2013; Rogers 2013; Zacarías-Soto et al. 2013; Agudelo & Rodríguez 2015). Associated 
with the fi sheries, a new misperception has surfaced: Stichopus herrmanni Semper, 1868, S. variegatus 
(= Stichopus herrmanni variegatus Semper, 1868) and three morphotypes of Stichopus sp. have been 
reported from the Colombian Caribbean Sea by Rodríguez-Forero et al. (2013), Agudelo & Rodríguez 
(2015) and Koike et al. (2015), even though the genus does not occur in the Atlantic and the mentioned 
species have an Indo-Pacifi c distribution. To increase the confusion, an unidentifi ed Isostichopus sp. 
(Wen et al. 2011; Vergara & Rodríguez 2015, 2016; Acosta et al. 2020, 2021) and Isostichopus sp. 
aff badionotus (Agudelo-Martínez & Rodríguez-Forero 2017; Arias-Hernández et al. 2017) have been 
reported. Accurate species delineation, coupled with correct nomenclature, is essential for the success of 
any conservation or aquiculture and fi shery effort. 

To clarify the taxonomic status of species of Isostichopus, including the three currently recognized 
species and their synonyms, we present new evidence obtained from mitochondrial DNA, description of 
coloration patterns, external and internal morphology, and ossicle morphology and habitat preferences. 

Material and methods
Sampling of taxa, color patterns, and habitat preference 
Approximately 400 specimens of Isostichopus badionotus were collected or observed in situ, together 
with approximately 270 museum specimens (including types) from across the range of the species. 
Samples of I. fuscus and I macroparentheses were collected or examined from museum material from 
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the tropical eastern Pacifi c and western Atlantic respectively. Sampling was conducted by snorkeling and 
SCUBA diving at depths from 1 to 25 m. Specimens were photographed, recording their live appearance 
and habitat. Representative individuals were collected, relaxed in ~10% MgCl2 solution, and preserved 
in 70% ethanol and/or subsampled in 96% ethanol for sequencing. 

Collection acronyms, museum vouchers and type material
Acronyms of collections where specimens were examined or where specimens and tissues collected 
were deposited:

ICML-UNAM =  Colección Nacional de Equinodermos, “Dra. Ma.E. Caso M.”, Instituto de Ciencias 
del Mar y Limnología, Universidad Nacional Autónoma de México, México

INV EQU =  Echinoderm collection, Museo de Historia Natural Marina de Colombia, Invemar, 
Colombia

INV TEJ =  Tissue collection, Museo de Historia Natural Marina de Colombia, Invemar, 
Colombia

MBMLP =  Museo de Biología Marina y Limnología, Universidad de Panamá, Panamá
MCZ =  Museum of Comparative Zoology, Harvard University, USA
TbBT0002 =  This type of code indicates the tissues deposited in the Smithsonian Tropical Institute 

(Panama) (contact the fi rst author)
UF =  Florida Museum of Natural History,  University of Florida, USA
USNM =  National Museum of Natural History, Smithsonian Institution, USA
ZMH =  Zoologisches Museum zu Universität Hamburg, Germany
ZMMU =  Moscow Museum., Russia
ZOO =  Natural History Museum of London, UK

Types examined
Stichopus badionotus Selenka, 1867. Syntype: MCZ HOL-509, designated here as lectotype.
Stichopus badionotus var. phoenius Clark, 1922. Holotype: MCZ HOL-1182.
Stichopus macroparentheses Clark, 1922. Holotype: MCZ HOL-921; ossicles plate MCZ HOL-225; 
paratype: MCZ HOL-1214.
Stichopus assimilis Bell, 1883. Holotype: Natural History Museum of London (ZOO) 1873.7.29.1.

Types examined through photos (at http://www.echinodermata.be/, currently disabled)
Stichopus haytiensis Semper, 1868. Holotype: ZMMU.
Stichopus moebii Semper, 1868. Holotype: ZMH.
Stichopus fuscus Ludwig, 1875. Syntype: ZMH E.2689.

Type material of Stichopus maculatus Greeff, 1882; Stichopus errans Ludwig, 1875; Stichopus diaboli 
Heilprin, 1888 and Stichopus xanthomela Heilprin, 1888 was not located. We designated a neotype 
(USNM E16150) and neoparatype (USNM E16151) for I. maculatus maculatus (Geeff, 1882).

Morphological description and termi nology 
External morphology

We recorded body cross-section; shape (described as “loaf-like” when body length < 4× diameter); 
fi rmness, rugosity and average thickness of body wall; tentacle size, shape, and number; collar around 
the mouth; position of mouth and anus; shape and arrangement of dorsal papillae and ventral pedicels. 

Color
Color variation was binned into 12 color patterns and coded accordingly (Fig. 1). They are explained and 
presented in detail in the taxonomic description of each species and in fi gures in the systematic account 
(Figs 8, 14, 17, 21, 24). 
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Internal morphology
We examined the shape and size of the calcareous ring (radial and interradial plates); the size of tentacle 
ampullae; number, shape, and length of Polian vesicles; number, shape, length, and attachment of stone 
canal; shape and size of madreporite; gonads; respiratory trees and longitudinal muscles. 

Ossicles
Terminology of ossicle types for tables, rods, perforated plates, and end-plates is that proposed by Samyn 
et al. (2006) (Fig. 2). Isostichopus also contains some tridimensional spheres, not recorded previously 
(Fig. 2). Presence, size, and morphology of each type of ossicle were recorded from each body region. 
They were obtained from tentacles, dorsal and ventral body wall, dorsal papillae, ventral tube feet, 
longitudinal muscles, anterior and posterior cloaca (anterior part closest to the intestine and posterior 
part to de anus), respiratory trees, and gonads. Ossicles from specimens of comparable sizes from 
each species, as well as juveniles (body length < 40 mm), were analyzed when possible. Ossicles were 
extracted with sodium hypochlorite, observed with light microscopy and photographed; a minimum 
of 10 ossicles per type were measured using ImageJ software (Schneider et al. 2012). For scanning 
electron microscopy (SEM), ossicles were washed with distilled water, then with 70%, 80%, 95% and 
100% ethanol, mounted on stubs, coated with gold, and observed with a Zeiss Evo 40 VP scanning 
electron microscope at the Laboratory of Electron and Confocal Microscopy of the Smithsonian Tropical 
Research Institute, Panamá.

Table disc diameter (from bottom or top views, and from lateral view), pillar height and width of spire 
just below the crown was recorded. Tables were coded as high when height > disc diameter, medium 
when height = diameter, and low when height < diameter (Fig. 2). The maximum length was recorded 
for the rods and perforated plates.

DNA extraction, amplifi cation, sequencing, and analysis
Mitochondrial sequences were obtained from 95 specimens previously identifi ed as 
Isostichopus badionotus, 13 I. fuscus and six I. macroparentheses (Table 1). DNA was 
extracted using the QIAGEN DNeasy Blood & Tissue kit following the manufacturer’s 
instructions. Partial fragments of two mitochondrial genes, the large ribosomal subunit 
(16S) and the cytochrome oxidase subunit 1 (COI), were amplifi ed with primers 16SAR 
5′-CGCCTGTTTATCAAAAACAT-3′ and 16SBR 5′-CTCCGGTTTGAACTCAGATCA-3′ (Palumbi 
1996); COIceF 5′-ACTGCCCACGCCCTAGTAATGATATTTTTTATGGTNATGCC-3′ and COIceR 
5′-TCGTGTGTCTACGTCCATTCCTACTGTRAACATRTG-3′ (Hoareau & Boissin 2010) and COI5r- 
5′-TTGRTTYTTTGGTCAYCCWGARGTYTA-3′ and COI5rd 5′-TCAGARTAWCGYCGWGG-3′ 
(A. Hiller unpubl. data). PCRs were carried out following Hoareau & Boissin (2010) for both 16S 
and COI. PCR products were purifi ed using Exo/SAP and sequenced using BigDye ver. 3.1 (Applied 
Biosystems) technology. The nucleotide sequences were edited using Sequencher ver. 5.1. 

In COI, we analyzed one fragment of 572 bp from 58 specimens (including outgroups and GenBank 
sequences) obtained with primers COIceF-COIceR (COI-Fr1). This fragment is located at positions 288 
to 859 of the complete COI gene of Apostichopus japonicus (Selenka, 1867) (GenBank Accession no. 
NC012616.1). We also sequenced a second fragment of 455 bp of COI from 75 specimens with primers 
COI5r-COI5rd (COI-Fr2) located at positions 858 to 1312 bp of A. japonicus. In 16S, we sequenced 
a fragment of 468 bp from 116 specimens. All sequences were submitted to GenBank (Table 1). 
Unpublished sequences from other projects as well as from GenBank are part of the data set, including 
the outgroups (Table 1). The sequences of COI and of 16S were analyzed separately or concatenated. 
16S sequences were aligned using the L-INS-i method implemented in MAFFT 6 (Katoh et al. 2002) and 
of COI with Clustal W (Thompson et al. 1994). Kimura (1980) 2 Parameter distances were calculated 
using Mega 7 (Kumar et al. 2016). Phylogenetic relationships were inferred using Bayesian inference 
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Fig. 1 (continued on next page). Color patterns of species and subspecies of Isostichopus Deichmann, 
1958. A–J. Isostichopus badionotus (Selenka, 1867). A. Pink background and dark brown spots (Chips 
pattern – CH) (BT99, Panamá). B. Close-up of A, note large dark brown spots and small dots. C. Light 
brown background and darker ocellar spots (CH pattern) (INV TEJ1125-Ma10, Colombia). D. Close-up 
of C, note large ocellar spots and small black dots. E. Uniform black background (Uniform pattern – 
U) (BT59, Panamá). F. Beige background color with a reticulum of darker brown and yellow papillae 
(Reticulated pattern – R) (USNM 1659460-BT20, Panamá). G. Close-up of F, reticulated pattern 
in detail. H. Reticulated pattern with brown papillae (R pattern) (INV TEJ1167-SM4R, Colombia). 
I. Close-up of H, reticulated pattern in detail. J. Black background and yellow papillae (Black and 
yellow pattern-BY) (INV TEJ1176-SM13, Colombia). K–Y. Isostichopus maculatus phoenius (Clark, 
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(BI), Maximum Likelihood (ML), and Neighbour-Joining (NJ). BI and ML were performed , using 
the GTR evolutionary model and NJ using K2P distances. BI was performed with MrBayes ver. 3.2.6 
(Ronquist & Huelsenbeck 2003); the data set was run twice, using four Markov chains for ten million 
generations; trees were sampled every 500th generation, the fi rst 2.5 million generations were discarded, 
and a 50% majority tree was obtained. ML analysis was performed in MEGA X (Kumar et al. 2018); 
support was assessed with 1000 bootstrap reiterations.

1922). K. Red uniform background (Uniform pattern – U) (TpGa0008, Panama). L. Green uniform 
background (U pattern) (INV TEJ1336, BA319, Colombia). M. Dark orange background and white 
irregular and pointed blotches (Dark and White pattern – DW) (BT27, Panama). N. Close-up of M, 
note the black line surrounding the white blotches and the small black spots surrounded by a dark thin 
line. O. Close-up of M, note the spiral lines on the papilla collar around the mouth. P. DW pattern with 
dark brown background (BT8, Panama). Q. Close-up of P, note the white blotches with the small black 
spots surrounded by a dark thin line and the spiral lines on the papillae collar around the mouth. R. DW 
pattern with dark brown background, note the spiral lines on the papillae collar around the mouth (BT21, 
Panama). S. DW pattern with dark orange background (USNM 1659477-BT43, Panama). T. Close-up 
of S, note the black line surrounding the white blotches without the small black spots, but with the 
surrounding dark thin line. U. Light brown background and sharp darker brown irregular blotches (Light 
and sharp dark pattern – LSD) (BT29, Panama). V. Close-up of U, note the small dark brown spots 
surrounded by a dark thin line and the spiral lines on the large papilla in the top. W. Close-up of U, note 
the spiral lines in the largest papillae. X. Light brown background and blurry darker brown and orange 
irregular blotches (Light and blurry dark pattern – LBD) (Ga12, Panamá). Y. Close-up of X, note the 
blurry small dark brown spots and the spiral lines on the lateral and dorsal papillae. Z–H’. Isostichopus 
maculatus maculatus (Greeff, 1882). Z. Dark red uniform background (Uniform pattern – U) (Cape 
Verde). A’. With dark orange background and white irregular and pointed blotches (Dark and White 
color pattern – DW) (Cape Verde). B’. Close-up of A’, note the black line surrounding the white blotches 
and the white spots on the blotches. C’. Dark chocolate brown background and white-cream irregular 
and pointed blotches (DW pattern) (Cape Verde). D’. Close-up of C’, note the white-cream blotches with 
the small white spots. E’. Light gray background and sharp darker brown and orange irregular blotches 
(Light and sharp dark color pattern – LSD) (Sao Tomé). F’. Close-up of E’, note the small white spots 
and spiral lines on the lateral papillae. G’. Dark green in the background and darker green blotches, 
small white dots and light papillae (Dark green and light papillae pattern – DGL) (Nigeria). H’. Close-
up of G’, note the darker blotches, small white spots and yellow papillae. I’–O’. Isostichopus fuscus 
(Ludwig, 1875). I’. Chocolate brown background with clearer stains and yellow papillae (Chocolate 
brown and stains pattern – BS) (Mexico). J’. Chocolate brown uniform background and yellow papillae 
(Chocolate brown uniform pattern – BU) (Mexico). K’. Chocolate brown in the dorsal background 
that gradually change to reddish in the lateral and ventral side (Chocolate brown and reddish pattern – 
BR) (Colombia). L’. Beige background with a reticulum of chocolate brown color and yellow papillae 
(Reticulated pattern – R) (USNM 1659483-Ta211, Panamá). M’. Close-up L’, reticulated pattern in 
detail. N’. R pattern with a reticulum of green color (Colombia). O’. Close-up N’, reticulated pattern 
in detail. P’–Q’. Isostichopus macroparentheses (Clark, 1922). P’. Juvenile light yellow-brown 
background and irregularly arranged blurred darker brown spots of different sizes (USNM 1659484-
Be99, Belize). Q’. Preserved adult specimen, in the same color pattern as O’ with larger darker brown 
spots (USNM E47624, British Virgin Islands). Photos: A–B, E–G, K, M–Y, L´–M´, P´–Q´by G. Borrero; 
L by N. Ardila; Z, A´–D´ by P. Wirtz; H–J by J. Gómez; C–D by C. Díaz; E´–F´by N. Vasco-Rodrigues; 
G´–H´ by fi shermen NN; K´ by L. Chasqui; N´–O´ J. Vanegas; I´–J´by C. Sánchez.
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Results
Molecular analyses and species delineation
All phylogenetic analyses recovered Isostichopus as monophyletic, and four deeply divergent, 
reciprocally monophyletic, and highly supported clades corresponding to Isostichopus macroparentheses, 
I. badionotus, I. fuscus, and a fourth species, here identifi ed as I. maculatus (Fig. 3A–D). Isostichopus 
macroparentheses is most divergent, while I. maculatus is sister to I. badionotus and I. fuscus. East 
Atlantic specimens form a well-supported subclade within the West Atlantic I. maculatus and these are 
here recognized as the subspecies I. maculatus maculatus and I. maculatus phoenius, respectively. Color 
patterns clu ster in I. badionotus, with chips (CH) – uniform (U) and reticulated (R) – black and yellow 
(BY) largely clustering into two separate subclades (Fig. 3A–D). No relationship was found between 
color patterns and locality. A Brazilian subclade with modest support is also evident in I. badionotus 
(Fig. 3C).

Inter-specifi c K2P distances ranged from 6.1 to 17.3% for COI-Fr1, 9.5 to 18.2% for COI-Fr2 and 5.2 
to 12.3% for 16S. Intra-specifi c diversity was < 0.3% for all species and markers (Table 2). Distances 
between the subspecies of I. maculatus are 1.4% for COI-Fr1, 1.9% for COI-Fr2, and 0.4% for 16S. 
Distances within these subspecies are 0–0.2%.The values in Isostichopus are comparable to distances 
among recognized species of Stichopus (COI: between species 1.1 to 16.2%, within species < 1.2%; 
16S: between species 1.4% to 15.3%, within species < 1.5%) (Byrne et al. 2010).

The species delineated with sequence data are morphologically differentiable in the fi eld by their color 
pattern, and some by their habitat preference and behavior, as well as by their ossicles. Geographic 
distribution and detailed examination of ossicles also allow identifying individuals that belong to each 
species (Table 3). Our conclusion, therefore, is that there are four species of Isostichopus: we confi rm 
I. macroparentheses and I. fuscus as valid species, and in addition to I. badionotus, we recognize 
I. maculatus, including the subspecies I. maculatus maculatus and I. maculatus phoenius.

Table 2. Average Kimura (1980) 2 parameter distances (%) between and within species and subespecies 
of Isostichopus Deichmann, 1958. COI-Fr1 and COI-Fr2 (in parentheses) distances are below diagonal 
and 16S distances above. Within-species distances along the diagonal are shown as COI-Fr1 (COI-
Fr2) / 16S. “nc”: not calculated because only one sequence was available.

Species 1 2 3 4 5 6 7

1 Isostichopus badionotus 0.2(0.2)/0.2 8.9 8.6 5.2 11.9 16.6 20.6

2 I. maculatus maculatus 10.6(12.0) 0.1(0.1)/0.2 0.4 8.2 9.9 18.0 19.6

3 I. maculatus phoenius 9.6(11.0) 1.4(1.9) 0.1(0.1)/0.2 7.9 9.5 17.8 19.7

4 I. fuscus 6.1(10.8) 8.2(9.5) 7.7(10.1) 0.3(0.2)/0.3 12.3 18.2 19.4

5 I. macroparentheses 16.5(18.2) 17.3(16.7) 16.6(16.3) 16.2(16.7) 0.0(0.3)/0.3 17.3 22.2

6 Stichopus horrens 19.3(21.1) 19.4(23.5) 19.1(23.8) 18.4(20.4) 21.2(20.9) nc(nc)/nc 24.3

7 Apostichopus japonicus 23.4(22.1) 24.8(19.6) 23.7(18.7) 23.2(23.7) 25.0(26.4) 25.7(22.5) nc(nc)/nc 
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Systematic account
Class Holothuroidea Blainville, 1834

Order Synallactida Miller, Kerr, Paulay, Reich, Wilson, Carvajal & Rouse, 2017
Family Stichopodidae Haeckel, 1896

Genus Isostichopus Deichmann, 1958

Type species
Stichopus badionotus Selenka, 1867

Description (after Deichmann 1958)
Medium to large species, length to 50 cm, body wall fi rm and thick. Highly variable coloration (Fig. 1). 
Body convex to quadrangular in cross-section. Large lateral papillae, usually sharply defi ning dorsum 
and ventrum (or bivium and trivium). Dorsal papillae irregularly arranged and in different sizes and 
shapes: wart-like, spiky, or with small points. Sole well developed, with three bands of cylindrical 
podia. Single stone canal attached to the mesentery; calcareous ring with massive radial pieces with 
posterior projections of different sizes, and narrow interradial pieces with projections pointed anteriorly 
and concave posterior margins (Fig. 4). Ossicles: dorsal papillae with tables; thin C- or S-shaped rods 
in varying numbers and sizes; large, curved rods  with quadrangular projections, sometimes perforated 
in the middle (Fig. 2S); few perforated plates in the tip (Fig. 2U). Tables in a dense layer, low, squat, 
with a circular disc with 8 to 12 small holes, four pillars, single crossbeam, and a wreath of small spines 
at the crown (Fig. 2A–B); tables with reduced disc (Fig. 2C), additional holes in more than one ring 
(Fig. 20A), or larger and modifi ed discs also present (Fig. 2D), mainly at the top of papillae. Dorsal 
body wall with tables and a few thin C- or S-shaped rods only. Ossicles in dorsal papillae and body 
wall change during growth, though drastic ontogenetic changes occurring only in I. macroparentheses. 
Pedicels with low tables with large and not rounded central perforation (Fig. 2E); thin C-shaped rods 
less frequent than in the dorsal papillae; large endplates (Fig. 2W); numerous perforated or supporting 

Fig. 2 (see previous page). Ossicles of species and subspecies of Isostichopus Deichmann, 1958. 
A–H. Tables. A. Regular tables present in several parts of the body in the fi ve species (1–2 = lateral 
view; 3 = top or dorsal view; 4 = ventral view). B. Large, regular tables, only present in I. maculatus 
maculatus (Greeff, 1882) (lateral view). C. Table with reduced disc, only present in the dorsal body wall 
of I. macroparentheses (Clark, 1922) adults (lateral view). D. Large tables with disc and spire modifi ed, 
only present in the top of the dorsal papillae of I. maculatus maculatus – “modifi ed maculatus tables” 
(lateral view, top view). E. Regular tables present in the ventral body wall and tube feet (top and lateral 
view). F. Tables with low and incomplete spires, present in the tentacles (top view). G. Tables with 
circular spire, several pillars, observed in the cloaca of I. fuscus (top and lateral view). H. Large tables 
with well-developed spires, several pillars forming a very dense and thick crown of spines, present in 
the mouth membrane and other internal organs (top and lateral view). I–T. Rods. I. Large thin C-shaped 
rods present in I. macroparentheses. J–K. Thin C, S-shaped rods present in the body wall, papillae and 
tube feet, and some internal organs. L. Thick C rods and worm-shaped rods present in the dorsal papillae 
of I. maculatus maculatus and I. maculatus phoenius (Clark, 1922). M. Simple rods present in several 
internal organs. N. Simple rods present in gonads. O. Simple rods present in the tentacles. P. Cross-
shaped rods present in the intestine. Q. Branched rods present in several internal organs. R. Irregular 
plate-like branched rods present mostly in the anterior cloaca. S. Large, curved rods with quadrangular 
projections in the middle, present in the papillae. T. Large slightly or strongly curved rods with wide 
perforated expansions in the middle, present in the tube feet. U–X. Perforated plates. U. Perforated 
plates from papillae. V. Perforated plate from tube feet. W. End-plate. X. Tridimensional spheres only 
observed in the respiratory trees of I. macroparentheses. Photos by G. Borrero.
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plates with numerous holes (Fig. 2V); slightly or strong ly curved rods with broad perforated expansions 
in the middle (Fig. 2T); both plates and rods larger than those of dorsal papillae. Ventral body wall with 
only tables and a few C-shaped ossicles. Tentacles with strongly or slightly curved spiny rods in varying 
sizes (Fig. 2O) and small tables as those of the body wall, or modifi ed with low and incomplete spires 
(Fig. 2F). Mouth membrane with thin C-shaped rods, simple rods, and large tables, not documented 
previously for the genus, with well-developed spire, composed of at least ten pillars joining at the top, 
forming very dense and thick crown of spines, without crossbeams; discs of the same width as the spire, 
or wider with several rings of holes and several central perforations (Figs 2H, 7D, 11, 16D). Longitudinal 
muscles containing C-shaped rods and simple rods. Posterior part of the cloaca with C-shaped, simple 
or bifurcated rods (Fig. 11); anterior part with simple, branched rods, irregular plate-like branched rods 
(Fig. 2R) and large tables, with well-developed and very dense and thick spire, some with circular 

Fig. 3A. Bayesian inference tree of concatenated sequences of the mitochondrial COI-Fr1 (Barcoding 
region), COI-Fr2 and 16S gene fragments. The numbers on the nodes indicate Bayesian posterior 
probability / Maximum Likelihood (bootstrap %) / Neighbor Joining (bootstrap %). A hyphen (-) indicates 
that a node was absent in the tree estimated by a particular method. Individuals are indicated by the 
fi eld number, which includes the initial letter of the locality and the color pattern when available (see 
Table 1, Fig. 1). Text color meaning: green = Isosostichopus maculatus maculatus (Greeff, 1882); blue = 
I. maculatus phoenius (Clark, 1922); pink = I. badionotus (Selenka, 1867) Chips (CH) pattern; purple = 
Uniform (U) pattern; red = reticulated (R) pattern; orange = Black and Yellow (BY) pattern. Sequences 
from GenBank are indicated with their accession number and species ID as included in GenBank (see 
Table 1). Outgroup species: Apostichopus japonicus (Selenka, 1867) and Stichopus horrens Selenka, 1867.
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spire, without clear crossbeams, wide discs with several rings of holes and several central perforations 
(Fig. 11). Respiratory trees with small tables as those of the body wall or strongly spinose straight or 
cross-shaped rods and large tridimensional spheres (Fig. 2X), not documented previously for the genus. 
Intestine with spinose or smooth ossicles in a cross shape (Fig. 2P). Gonads with delicate and long rods 
(Figs 2N, 11). Rosettes not present in Isostichopus. 

Distribution
Tropical and subtropical shores of America and the west coast of Africa (Fig. 5).

Isostichopus badionotus (Selenka, 1867)
Figs 1A–J, 3A–D, 4A, 5A, 6–9, 10A, 11A; Tables 1–3

Stichopus badionotus Selenka, 1867: 316, pl. 18 fi g. 20.
Stichopus haytiensis Semper, 1868: 75, pl. 30 fi g. 5.
Stichopus möbii Semper, 1868: 246, pl. 40 fi g. 11.
Stichopus errans Ludwig, 1875: 97. 

Fig. 3B. Bayesian inference tree of mitochondrial COI-Fr1 gene fragment. The numbers on the nodes 
indicate Bayesian posterior probability / Maximum Likelihood (bootstrap %) / Neighbor Joining 
(bootstrap %). A hyphen (-) indicates that the node was not recovered by a particular method. Specimen 
ID and color pattern designation as in Fig. 3A. Specimens of I. badionotus (Selenka, 1867) with unknown 
color pattern are indicated in black color.
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Stichopus diaboli Heilprin, 1888: 312.
Stichopus xanthomela Heilprin, 1888: 313.

Stichopus acanthomella – H.L Clark in Lloyd 1900: 885. Typographic error. 
Stichopus badionotus – Clark 1922: 55, pl. 2 fi gs 11–18; 1933: 109; 1942: 386. — Deichmann 1930: 80, 

pl. 5 fi gs 30–36; 1940: 195; 1954: 388, fi g. 66, 1–8; 1957: 4, fi gs 1–4. 
Stichopus moebii – Clark 1922: 55. — Cutress 1996: 105. Article 32.5.2.1 ICZN Code (1999). 
Isostichopus badionotus – Deichmann 1958: 280; 1963: 106. — Tikasingh 1963: 84, fi gs 23–25. —

Pawson 1976: 373. — Caycedo 1978: 159, pl. 1 fi gs 1–4. — Miller & Pawson 1984: 54, fi gs 44–45. 
— Hendler et al. 1995: 280, fi gs 156, 187g–i. — Cutress 1996: 105, fi gs 33B–D, 37–40, table 13. 
— Pawson et al. 2010: 34, fi gs 6f, 27. — Borrero-Pérez et al. 2012: 174, 175, fi gs b, c, e–o; 2022: 
180–186. — Prata et al. 2014: 143, fi g. 7a–h, table 5. — Vergara & Rodríguez 2015: 1022, fi g. 1a. 

Fig. 3C. Bayesian inference tree of mitochondrial COI-Fr2 gene fragment. The numbers on the 
nodes indicate Bayesian posterior probability / Maximum Likelihood (bootstrap %) / Neighbor Joining 
(bootstrap %). A hyphen (-) indicates that the node was not recovered by a particular method. Specimen 
ID and color pattern designation as in Fig. 3A. Specimens of I. badionotus (Selenka, 1867) from Brazil 
with unknown color pattern are indicated in black color.
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— Martínez et al. 2016: 19–20, fi gs 2, 4. — Vergara et al. 2018: 36–39, fi gs 2–3. — Acosta et al. 
2021: 1–17. — Purcell et al. 2023: 142–143.

Stichopus herrmanni – Rodríguez-Forero et al. 2013: 12, fi g. 5.
Stichopus hermanni – Vergara & Rodríguez 2015: 1022, fi g. 1c. Typographic error.

Fig. 3D. Bayesian inference tree of mitochondrial 16S gene fragment. The numbers on the nodes indicate 
Bayesian posterior probability / Maximum Likelihood (bootstrap %) / Neighbor Joining (bootstrap %). 
A hyphen (-) indicates that the node was not recovered by a particular method. Specimen ID and color 
pattern designation as in Fig. 3A. Specimens of I. badionotus (Selenka, 1867) with unknown color 
pattern are indicated in black color.
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Original name
Stichopus badionotus Selenka, 1867.

Current status
Isostichopus badionotus (Selenka, 1867).

Name-bearing type
Lectotype MCZ HOL-509. 

Type locality
Florida, USA.

Fig. 4. Comparison of the calcareous rings of species and subspecies of Isostichopus Deichmann, 1958. 
A. I. badionotus (Selenka, 1867). B. I. maculatus phoenius (Clark, 1922) (A–B showing calcareous 
rings from specimens of different sizes). C. I. maculatus maculatus (Greeff, 1882). D. I. fuscus (Ludwig, 
1875). E. I. macroparentheses (Clark, 1922). Dimensions of the individuals from which each ring was 
obtained are shown next to their museum catalog number. Abbreviations: ip = interradial plate; rp = 
radial plate. Scale bar = 4 mm.
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Diagnosi s
No spiral lines in dorsal and lateral papillae; four color patterns (Figs 1A–J, 8); no worm-like rod 
ossicles in dorsal papillae (Fig. 7A); mtDNA divergence from other species of the genus > 6.1% in COI-
Fr1 (barcoding region), > 10.8% in COI-Fr2 and > 5.2% in 16S (Table 2).

Material examined
Lectotype (here designated) 

USA • 1 reticulated color pattern (L = 190 mm); Florida; collector number 395 leg.; MCZ HOL-509.

Other material
NORTH ATLANTIC – Bermuda • 2 specs uniform pattern (L = 170–230 mm); Harrington Sound; 
32.330556° N, 64.721944° W; 11 Jul. 1911; E.M. Grosse leg.; MCZ HOL-1082 • 1 spec. chips pattern 

Fig. 5. Geographic distribution of species and subspecies of Isostichopus Deichmann, 1958. 
A. I. badionotus (Selenka, 1867) (gray circles), I. maculatus phoenius (Clark, 1922) (red squares) and 
I. maculatus maculatus (Greeff, 1882) (blue circles). B. I. fuscus (Ludwig, 1875) (green circles) and 
I. macroparentheses (Clark, 1922) (orange circles). Locations for I. badionotus and I. fuscus were 
constructed based on observation records in Global Biodiversity Information Facility data and from 
museum specimens. Locations for I. maculatus phoenius, I. maculatus maculatus and I. macroparentheses 
were constructed based only on confi rmed localities of collected or preserved museum specimens.
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(L = 205 mm); Harrington Sound; 32.330556° N, 64.721944° W; 1911; E.M. Grosse leg.; MCZ HOL-
1083 • 1 spec. juvenile (L = 40 mm); Bailey’s Bay; 11 Oct. 1972; depth 2–3 m; D.L. Pawson leg.; USNM 
E11783. – Bahamas • 1 spec. uniform pattern? (L = 145 mm); North Bimini, Lerner Marine Lab; 3 Jun. 
1959; R.U. Gooding and A.G. Humes leg.; MCZ HOL-4301. – USA • 1 spec. chips pattern (L = 166 mm); 
South Carolina, Racoon Key; 3 Jul. 1963; depth 46 m; A.S. Merril leg.; USNM E9808 • 1 spec. chips 
pattern (L = 130 mm); Georgia; 30.8967° N, 80.6067° W; 20 Aug. 1980; depth 33 m; Georgia Marine 
Resources for Minerals Management Service leg.; USNM E27835 • 1 spec. chips pattern (L = 250 mm); 
Florida, 56.5 nautical miles off NE Inlet; 30.18° N, 80.25° W; 27 Apr. 1983; depth 64 m; W.G. Lyons 
leg.; USNM E33178.

GULF OF MEXICO – USA • 1 spec. chips pattern (L = 210 mm); Florida, Sanibel Island; 26.440359° N, 
82.113705° W; Mar. 1938; A.C. Fenner Jr leg.; MCZ HOL-1876 • 1 spec. reticulated pattern (L = 
230 mm); Florida, Florida Keys, Dry Tortugas, Bird Key; 24.6185° N, 82.8854° W; Jun. 1917; H.L. Clark 
leg.; MCZ HOL-1212 • 1 spec. uniform pattern (L = 130 mm); Florida, Florida Keys, Dry Tortugas, 
Garden Key; 28 Sept. 1982; depth 2 m; J.E. Miller leg.; USNM E27982 • 1 spec. chips pattern (L = 
257 mm); NW of Florida Keys; 24.7853° N, 83.2181° W; 20 Nov. 1980; depth 58.6 m; Mote Marine 
Lab for BLM/MMS leg.; USNM E40637 • 1 spec. uniform pattern (L = 255 mm); Florida, West of 
Naples; 25.7656° N, 82.1558° W; 12 Feb. 1982; depth 19.6 m; Continental Shelf Associes for BLM/
MMS leg.; USNM E39240 • 1 spec. uniform pattern (L = 250 mm); Florida, West of Fort Myers; 
26.2803° N, 82.7336° W; 3 May 1981; depth 30.4 m; Continental Shelf Associes for BLM/MMS leg.; 
USNM E40334. – Mexico • 2 specs; Veracruz, Isla Sacrifi cios; 26 Jan. 1957; M.E. Caso leg.; ICML-
UNAM 5.14.10 • 2 specs; Veracruz, Isla de En medio, Anton Lizardo; 19.1088889° N, 95.934445° W; 
11 Jun. 2004; depth 1.5 m; P. Rodríguez leg.; on sandy bottom; ICML-UNAM 5.14.45 • 1 spec.; 
Veracruz, Isla Sacrifi cios; 19.2916667° N, 96.158056° W; 6 Apr. 2005; depth 1–2 m; J. Díaz leg.; on 
sandy bottom; ICML-UNAM 5.14.46 • 1 spec.; Veracruz, Bajos de Tuxpan; 21.0271667° N, 97.199° W; 
15 Mar. 2011; depth 4–5 m; F. Solís-Marín leg.; coral reef; ICML-UNAM 5.14.58 • 1 spec.; Veracruz, 
off Isla Lobos; 21.4726667° N, 97.231167° W; 17 Mar. 2011; depth 12 m; F. Solís-Marín leg.; coral 
reef; ICML-UNAM 5.14.59 • 1 spec.; Veracruz, off Isla Lobos, Capirotes; 21.484° N, 97.228667° W; 
17 Mar. 2011; depth 6–14 m; F. Solís-Marín leg.; coral reef; ICML-UNAM 5.14.60 • 1 spec.; Veracruz, 
El Morro de Punta Delgada; 19.8568333° N, 97.4565° W; 19 Mar. 2011; depth 1 m; F. Solís-Marín 
leg.; rocky bottom; ICML-UNAM 5.14.61 • 1 spec.; Tabasco, Paraíso Beach, Escollera Oeste; 29 Mar. 
1998; M. Dominguez leg.; ICML-UNAM 5.14.41 • 1 spec.; Campeche, Sound of Campeche; Jun. 1972; 
ICML-UNAM 5.14.36 • 1 spec.; Campeche, Sound of Campeche; Jun. 1978; ICML-UNAM 5.14.37 
• 3 specs; Campeche; 19.1716667° N, 91.648333° W; 13 Feb. 1995; ICML-UNAM 5.14.38 • 1 spec.; 
Campeche, Ciudad del Carmen, Bahamita Beach; 1 Aug. 1972; M.E. Caso leg.; ICML-UNAM 5.14.39 
• 1 spec.; Campeche, Ciudad del Carmen, Las Playuelas Mou; 27 Nov. 1973; M.E. Caso leg.; ICML-
UNAM 5.14.40 • 1 spec.; Yucatán, Arrecife Alacranes; 22.3871389° N, 89.6843612° W; 1 Aug. 2009; 
depth 2 m; Q. Hernandez leg.; ICML-UNAM 10736 • 1 spec.; Yucatán, Dzilan de Bravo, Yalkulub 
lighouse; 22.3980556° N, 88.8875° W; 21 May 2015; depth 14–18 m; A. Poot. leg.; sandy bottom; 
ICML-UNAM 11094 • 1 spec.; Yucatán, Celestun; 20.8597222° N, 90.4391667° W; 23 Apr. 2010; depth 
3 m; S. Rodríguez leg.; sandy bottom; ICML-UNAM 18301.

CARIBBEAN SEA – Mexico • 3 specs; Yucatán, Yucalpeten; 21.3522222° N, 89.711111° W; 14 Dec. 
2000; depth 5 m; Z. Moguel leg.; ICML-UNAM 5.14.16 • 11 specs; Yucatán, San Felipe; 21.55° N, 
89.6° W; 22 Oct. 2000; depth 1.5 m; Z. Moguel leg.; ICML-UNAM 5.14.26 • 2 specs; Quintana Roo, 
North of Cabo Coche; 22.6566667° N, 87.2083333° W; 28 Apr. 1985; depth 54.5 m; M.E. Caso leg.; 
ICML-UNAM 5.14.7 • 1 spec.; Quintana Roo, Puerto Morelos; 20.8745833° N, 86.8506944° W; 17 Aug. 
1999; depth 6 m; S. Frontana leg.; ICML-UNAM 5.14.42 • 1 spec.; Quintana Roo, Puerto Morelos, 
Bocana Chica; 20.8804083° N, 86.8509611° W; 3 Aug. 2009; depth 5.3 m; F. Solís-Marín leg.; ICML-
UNAM 5.14.57. – Belize • 1 spec. reticulated pattern (L = 185 mm); Southwater Cay, West Side; 4 May 
1974; K. Sandved leg.; USNM E18633. – Honduras • 1 spec. chips pattern (L = 180 mm); West of 
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Vivario Cays; 15.7233° N, 83.4833° W; 1 Feb. 1971; depth 29 m; leg.; USNM 1014372 • 1 spec.; Cayos 
Cochinos; Apr. 1998; depth 6 m; C.R. Hasbun leg.; on muddy bottom; ICML-UNAM 5.14.48. – Panama 
• 1 spec. reticulated pattern; Bocas del Toro, Cayo Adriana; 9.240528° N, 82.173417° W; 30 May 2013; 
depth 15 m; G. Borrero and A. Castillo leg.; mixed bottom sand, sponges, rubble coral, coral, algae and 
isolated seagrass, exposed, IbBT2R; Tiss-IbBT2 • 1 spec. chips pattern (L = 166 mm); same data as for 
preceding; IbBT14CH; USNM 1659459 • 1 spec. chips pattern; same data as for preceding; IbBT16CH; 
Tiss-IbBT16 • 1 spec. reticulated pattern (L = 200 mm); same data as for preceding; IbBT20R; USNM 
1659460 • 1 spec. uniform pattern (L = 240 mm); same data as for preceding; depth 5 m; IbBT45U; 
USNM 1659461 • 1 spec. uniform pattern (L = 130 mm); same data as for preceding; depth 5 m; 
IbBT48U; USNM 1659462 • 1 spec. chips pattern (L = 185 mm); same data as for preceding; depth 
10 m; IbBT55CH; USNM 1659463 • 1 spec. chips pattern (L = 240 mm); Bocas del Toro, Punta STRI; 
9.3488889° N, 82.2616667° W; 30 May 2013; depth 6 m; G. Borrero and A. Castillo leg.; sandy bottom, 
exposed, IbBT62CH; USNM 1659464 • 1 spec. black and yellow pattern; same data as for preceding; 
IbBT67BY; Tiss-IbBT67 • 1 spec. reticulated pattern (L = 226 mm); same data as for preceding; 
IbBT69R; USNM 1659464 • 1 spec. black and yellow pattern; same data as for preceding; IbBT71BY; 
Tiss-IbBT71 • 1 spec. black and yellow pattern; same data as for preceding; IbBT73BY; Tiss-IbBT73 • 
1 spec. black and yellow pattern (L = 180 mm); same data as for preceding; IbBT75R; MBMLP IbBT75 
• 1 spec. reticulated pattern; same data as for preceding; IbBT83R; Tiss-IbBT83 • 1 spec. chips pattern 
(L = 135 mm); Bocas del Toro, STRI research station 1; 9.3502778° N, 82.25722222° W; 28 May 2013; 
depth 4 m; G. Borrero and I. Pedroarena-Leal leg.; seagrass bed, exposed, IBT106CH; MBMLP-IBT106 
• 1 spec. chips pattern (L = 202 mm); same data as for preceding; IBT107CH; USNM 1659467 • 1 spec. 
chips pattern (L = 195 mm); same data as for preceding; IbBT111CH; USNM 1659454 • 1 spec. chips 
pattern (L = 210 mm); same data as for preceding; IbBT115CH; USNM 1659456 • 1 spec. chips pattern 
(L = 205 mm); same data as for preceding; IbBT118CH; USNM 1659458 • 1 spec. reticulated pattern 
(L = 130 mm); Bocas del Toro, STRI research station 2; 9.3488611° N, 82.2585° W; 28 May 2013; 
depth 5 m; G. Borrero and I. Pedroarena-Leal leg.; mixed bottom of sand, corals, sponges, and isolated 
seagrass, exposed, IbBT98R; USNM 1659466 • 1 spec. uniform pattern (L = 230 mm); same data as 
for preceding; IbBT112U; USNM 1659455 • 1 spec. black and yellow pattern (L = 235 mm); same data 
as for preceding; IbBT116BY; USNM 1659457. – Colombia • 1 spec. reticulated pattern; Magdalena, 
Santa Marta, Punta Betín; 11.250582° N, 74.220133° W; 23 May 2012; depth 3 m; G. Borrero and 
J. Gómez leg.; sandy, rocky bottom, exposed, IbSM4R; INV-TEJ1167 • 1 spec. reticulated pattern; same 
data as for preceding; IbSM5R; INV-TEJ1168 • 1 spec. reticulated pattern; same data as for preceding; 
IbSM7R; INV TEJ1170 • 1 spec. reticulated pattern; same data as for preceding; IbSM9R; INV TEJ1172 
• 1 spec. reticulated pattern; same data as for preceding; IbSM10R; INV TEJ1173 • 1 spec. black and 
yellow pattern; same data as for preceding; IbSM13BY; INV TEJ1176 • 1 spec. reticulated pattern; same 
data as for preceding; IbSM15R; INV TEJ1178 • 1 spec. chips pattern; Magdalena, Parque Nacional 
Natural Tayrona, Nenguanje; 11.2500542° N, 74.1633922° W; 24 May 2012; depth 6 m; G. Borrero and 
E. Acosta leg.; IbNe1CH; INV TEJ1179 • 1 spec. chips pattern; same data as for preceding; IbNe6CH; 
INV TEJ1184 • 1 spec. chips pattern; same data as for preceding; IbNe15CH; INV TEJ1193 • 1 spec. chips 
pattern; same data as for preceding; IbNe16CH; INV TEJ1194 • 1 spec. chips pattern; same data as for 
preceding; IbNe18CH; INV TEJ1196 • 1 spec. chips pattern (L = 140 mm); La Guajira, El Pajaro, Tawaya; 
11.7308333° N, 72.7099167° W; 9 Sep. 2013; depth 4.1 m; E. Ortíz and J. López leg.; IbGV93CH; INV 
TEJ1267 • 1 spec. chips pattern (L = 130 mm); same data as for preceding; IbGV100CH; INV TEJ1268 
• 1 spec. uniform pattern (L = 210 mm); La Guajira, El Pajaro, Tawaya; 11.7547778° N, 72.7045833° W; 
10 Sep. 2013; depth 4.5 m; E. Ortíz and J. López leg.; IbGV155U; INV TEJ1292 • 1 spec. reticulated 
pattern (L = 135 mm); same data as for preceding; IbGV157R; INV TEJ1294 • 1 spec. reticulated pattern 
(L = 180 mm); same data as for preceding; depth 6.8 m; IbGV236R; INV TEJ1301 • 1 spec. chips 
pattern (L = 220 mm); La Guajira, Manaure, Piedras Blancas; 11.8251389° N, 72.4600833° W; 28 Sep. 
2013; depth 9.2 m; E. Ortíz and J. López leg.; IbGV250CH; INV TEJ1306 • 1 spec. chips pattern (L = 
115 mm); same data as for preceding; IbGV300CH; INV TEJ1310 • 1 spec. chips pattern (L = 190 mm); 
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La Guajira, Manaure; 11.96030556° N, 72.57925° W; 5 Apr. 2005; depth 50 m; N. Cruz-Macrofauna-
Corpoguajira Project leg.; sandy bottom, IbEQU3046CH; INV EQU3046 • 1 spec. chips pattern (L = 
200 mm); La Guajira, Manaure; 11.8778333° N, 72.790361° W; 4 Apr. 2005; depth 54 m; N. Cruz-
Macrofauna-Corpoguajira Project leg.; sandy bottom, INV EQU3047; GenBank: INV EQU3047 • 
1 spec. chips pattern; La Guajira, Manaure; 11.327184° N, 74.081037° W; 29 Oct. 2011; depth 7 m; 
G. Borrero and C. Díaz leg.; sandy bottom, IbMa10CH; INV TEJ1125 – Venezuela • 1 spec. chips 
pattern (L = 160 mm); USNM E11411. – Curaçao • 1 spec. black and yellow pattern; 12.170247° N, 
69.039721° W; IbCu1BY; Tiss-IbCu1 • 1 spec. uniform pattern; 12.170247° N, 69.039721° W; leg.; 
IbCu2U; Tiss-IbCu2. – Cuba • 1 spec. chips pattern (L = 210 mm); 1914; J.B. Henderson and P. Bartsch 
leg.; USNM 34802. – Jamaica • 1 spec. chips pattern (L = 150 mm); Portland Bight; 17.8367° N, 
77.11° W; 5 Jul. 1970; depth 13 m; leg.; USNM 1014365. – Puerto Rico • 1 spec. uniform pattern (L = 
50 mm); La Parguera, Enrique reef; 26 Apr. 1986; C.E. Cutress leg.; USNM E43381 • 1 spec. reticulated 
pattern (L = 160 mm); La Parguera, Enrique reef; Nov. 1986; C.E. Cutress leg.; USNM E43382. – 
British Virgin Islands • 1 spec. uniform pattern (L = 160 mm); Guana Island; Jul. 1999; A.M. Kerr 
leg.; USNM E51775 • 1 spec. juvenile (L = 55 mm); Guana Island; depth 2 m; A.M. Kerr leg.; USNM 
E47522. – Antigua and Barbuda • 1 spec. uniform pattern (L = 280 mm); Antigua Island, English 
Harbor; 17° N, 61.7667° W; Jul. 1918; C.C. Nutting, State University of Iowa leg.; USNM E41459.

SOUTH ATLANTIC – Brazil • 1 spec.; Santa Catalina, Island of Arvoredo; 27.273601° S, 48.366889° W; 
IbBr1; Tiss-IbBr1, only tissue • 1 spec.; same data as for preceding; IbBr9; Tiss-IbBr9, only tissue • 
1 spec.; Santa Catalina, Desert Island; 27.273601° S, 48.366889° W; IbBr6; Tiss-IbBr6, only tissue • 
1 spec.; same data as for preceding; IbBr15; Tiss-IbBr15, only tissue.

Description
EXTERNAL APPEARANCE. Preserved and live ex situ specimens, up to 300 mm long, range of examined 
specimens 40–240 mm (n = 39, lectotype: 190 mm long). Body loaf-like, length/width ratio 4 ± 0.7 
(n = 18, 2.5–5.9, lectotype 2.5). Rounded posteriorly and anteriorly (Fig. 6), convex or somewhat 
quadrangular in cross-section (Fig. 8); largest specimens usually quadrangular. Body wall fi rm and thick 
(2–6 mm thick in the lectotype). Anus supra-terminal, circular and surrounded by large papillae. Mouth 
directed ventrally, encircled by collar of large papillae (3–4 mm high in the lectotype). Large peltate 
tentacles 20, up to 10–12 mm long, with shields 7–10 mm wide. Dorsal and lateral papillae variable in 
size, shape, and organization. Dorsal papillae wart-like, rounded, and low or fl at with only one pointed 
tip, scattered irregularly in convex specimens or in two irregular rows along each fl ank defi ning the 
quadrangular shape (Fig. 8). Lateral papillae large and stout, conical, pointed or rounded, or forming 
a continuous fringe (Fig. 8), sharply defi ning the ventral surface. Dorsal body wall of the lectotype 
deteriorated, but with some medium size papillae (up to 1–2 mm high and 3–6 mm wide at the base), not 
conspicuous; most of the papillae in the lectotype in the two dorso-lateral rows (Fig. 6A). Ventral surface 
covered with numerous cylindrical and large pedicels arranged in three longitudinal rows (Fig. 6B). 

COLOR AND BODY WALL APPEARANCE. The body wall in living specimens is smooth and opaque in adults 
longer than 130 mm (Figs 1A–J, 8). Dorsal coloration extremely variable; four main color patterns 
(Figs 1, 8): (1) Chips color pattern (CH) (Fig. 1A–D): the most common, light or dark brown, pink, 
orange background, with scattered darker spots of variable size, rounded or irregular, and separated 
or joined. in blotches; the species owes one of its common names “chocolate chip sea cucumber” to 
this coloration. (2) Uniform color pattern (U) (Fig. 1E): uniformly brown, orange, pink, yellowish, or 
black; some with darker papilla tips. (3) Reticulated color pattern (R) (Fig. 1F–I): beige background 
with a darker brown reticulum, which may also appear as small beige irregular spots on a darker brown 
background; papillae inside the reticulum, darker with yellow or beige sharply pointed tips, and dark 
brown rings at the base. (4) Black and yellow color pattern (BY) (Fig. 1J): black background with 
large yellow rounded or low and pointed papillae. Ventral coloration also highly variable, uniformly 



BORRERO-PÉREZ G.H. et al., Revision of the genus Isostichopus (Holothuroidea)

29

of the same color as the dorsal side, or spotted, or blotched. Specimens in alcohol always lighter, but 
color pattern retained. Lectotype brown with a clear “Reticulated” color pattern in the best preserved 
areas; papillae, shield of tentacles, ventral surface, and pedicels same color as the background; stalk of 
tentacles lighter (Fig. 6A–B). Juveniles (40–50 mm) with semi-translucent body wall, and of similar 
color as the adults (Fig. 8R–U, F’).

INTERNAL ANATOMY (based on MCZ HOL-509, lectotype; USNM 1659462; USNM 1659459; USNM 
1659454 and USNM 1659457, specimens 130–230 mm long). Calcareous ring of lectotype 14 mm in 
diameter, radial elements roughly quadrangular, 7 mm wide and 7 mm long, with four small anterior 
lobes; two dorsal radial plates with long posterior projections (3–4 mm long) turned inwards; the three 
ventral radial plates with shorter posterior projections than the two dorsal plates; interradial elements, 
5 mm wide and 2 mm long, less wide than radial elements, shorter than half the length of radial elements, 
pointed anteriorly with a concave posterior margin (3.5 mm long) (Fig. 4A). Posterior projection in the 
dorsal radial plates lengthens during growth and turnes inwards in the largest specimens, as described 
in the lectotype (Fig. 4A). Stone canal in the lectotype irregularly helical, about 22 mm long, including 
a fl at leaf-like madreporite 6 mm at its longest diameter, attached to the mesentery, partially calcifi ed, 
and ending in a point. Single stone canal similar to lectotype in shape in other examined specimens 
(L(body length) = 130 mm: 5 mm long; L = 230 mm: 21 mm). Tentacle ampullae in the lectotype about 
20–25 mm long and 1 to 2.5 mm wide, with small branches at the tips and the bases, increasing with size 
in other specimens (L = 130 mm: ampullae = 2 mm; L = 230 mm: ampullae = 21 mm). Single Polian 
vesicle about 24 mm long by 5 mm wide in the lectotype; similar in other examined specimens (L = 
130 mm: 11 mm long by 3 mm wide; L = 230 mm: 19 mm by 5 mm). Gonad in two tufts, one on either 
side of dorsal mesentery, branched in numerous cylindrical tubes about 0.5–1.5 mm wide, extending 
85 mm from the anterior to the posterior body and fi lled with eggs 72–99 μm diameter in the lectotype 
(Fig. 11A). Gonads present in specimens from 130 mm long. Longitudinal muscles divided, about 10 to 

Fig. 6. Preserved lectotype of Isostichopus badionotus (Selenka, 1867) from Florida, USA (MCZ HOL-
509, 190 mm long). A. Dorsal view. B. Ventral view with original labels. Scale bar = 35 mm. Photos by 
G. Borrero.
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Fig. 7. Isostichopus badionotus (Selenka, 1867) ossicles (specimen USNM 1659454-BT111, 190 mm 
long). A. Thin C-shaped rods, tables, perforated plates and large, curved rods from dorsal body wall 
and papillae. B. Thin C- and S-shaped rods, tables, perforated plates, large, curved rods and end plate 
(not complete, ¼ of the plate) from ventral body wall and tube feet. C. Rods and tables from tentacles. 
D. Large tables from mouth membrane. E. Thin C-shaped rods and simple rods from longitudinal 
muscles. F. Thin C-shaped rods, simple, cross-shaped and irregular plate-like branched rods in the 
cloaca. G. Table from respiratory trees. H. Cross-shaped ossicles from intestine. I. Simple rod from 
gonads. Photos by G. Borrero.
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12 mm wide in the lectotype, attached to body wall medially and unattached laterally. Respiratory trees 
inserted near the anterior part of the cloaca, arising from a 16 mm long common stem in the lectotype. 
Right tree about 100 mm long, left tree about 110 mm, extending along the intestine. Similar respiratory 
trees in other specimens, with the right branch shorter than the left.

OSSICLES (based on MCZ HOL-509, lectotype, for mouth membrane and gonads, other ossicles 
deteriorated; USNM 1659462; USNM 1659454 (SEM images); USNM 1659457 and USNM E11783 
(juvenile, only for dorsal papillae), specimens 40–230 mm long).

Dorsal papillae with tables, thin C-shaped rods, perforated plates, and large, curved rods (Figs 7A, 10A). 
Numerous C-shaped deposits, fewer S-shaped, 52–130 (x̄ = 80) μm, usually present in the papillae, 
especially towards the tip, variable in abundance in different papillae of the same specimen. Length 
of C-shaped deposits increasing with body length (Fig. 9A). Numerous table ossicles 33–70 (x̄ = 
52) μm high and 39–81 (x̄ = 58) μm across the disc; spires composed of four pillars, usually parallel or 
slightly constricted proximally to the disc, ending in triplets of blunt spines forming a wide crown, one 
crossbeam connecting adjacent pillars. Table spire of 40 mm long juvenile with many minute spines. 
Disc margins smooth and wide; discs with one rounded central perforation and 8 to 12 peripheral holes, 
usually arranged in one simple ring (Figs 7A, 10A). Tables close to the tip of the papillae larger, taller, 
and with wider discs, with several extra perforations arranged in more than one ring, becoming smaller 
and with fewer perforations toward the base of the papillae where they are similar to those from the 
body wall (Fig. 10A). Small changes of tables in size and shape during growth; but tables with shorter 
spire in the 40 mm specimen (33–41 μm high; x̄ = 37) than in other examined sizes (42–70 μm high; x̄ = 
58) (Figs 9B, 10A); disc tables in smaller specimens wider than in larger ones (Figs 9C, 10A), usually 
with more than 8–10 holes arranged in more than one ring; in larger specimens disc tables typically 
with 8–12 holes set in one ring (Fig. 10A). Few perforated plates (112–179 μm), located at the tip of the 
papillae, with a few large perforations, larger at the center of the plate (Fig. 7A); not found in the 40 mm 
specimen. Large, curved rods (240–493 μm) with quadrangular occasionally perforated projections in 
the middle (Fig. 7A). 

Dorsal body wall with only tables and a few C-shaped ossicles (63–83 μm), less frequent than in papillae, 
rarely S-shaped (Fig. 7A). Tables similar in shape as in papillae but smaller 47–62 (x̄ = 54) μm high, 
39–69 (x̄ = 49) μm across the disc, the discs with one ring of 8–12 holes (Fig. 10A).

Pedicels with tables, thin C-shaped rods, perforated plates, large, slightly or strongly curved rods, and 
end plates (Fig. 7B). A few specimens also with a few C-shaped, rarely S-shaped, deposits 70–95 (x̄ = 
85) μm. Numerous table ossicles 24–42 (x̄ = 34) μm high and 25–72 (x̄ = 53) μm across the disc, less 
high than those from dorsal papillae and the dorsal body wall, similar in shape to the ones from the dorsal 
papillae, but with the central perforation usually larger and not rounded, with four points that sometimes 
interrupt the simple ring of holes in the disc, usually one ring of holes, with no extra perforations 
(Fig. 7B). Numerous elongated perforated plates (174–432 μm), with numerous perforations larger and 
elongated in the center of the plate; large slightly or strongly curved rods (316–483 μm) with broad 
perforated expansions in the middle; end plates 687 μm across, increasing in size during growth. 

Ventral body wall with only tables and a few C-shaped ossicles.

Tentacles with rods and tables (Fig. 7C). A few table ossicles similar to those from the dorsal body 
wall 40–56 μm high and 40–73 μm across the disc; numerous strongly or slightly curved spiny rods 
(37–804 μm), sometimes with perforations at the ends.

Mouth membrane with C-shaped ossicles, large tables, and rods in some specimens (Figs 7D, 11A). 
Thin 43–102 μm C-shaped rods and numerous large tables 89–160 μm high and 100–159 μm across 
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Fig. 8 (continued on next page). Color patterns and morphological variation of Isostichopus badionotus 
(Selenka, 1867) (DNA sequences and detailed information of some specimens are indicated in Table 1, 
see Photo ID column for correspondence). A–U, I’. Specimens with “Chips” color pattern from Bocas 
del Toro, Panamá (A–I), Neguanje, Colombia (J–L), La Guajira, Colombia (M–Q); juveniles from 
Neguanje, Colombia (R–U). V–B’. Specimens with “Uniform” pattern from Bocas del Toro (Panama) 
(V–X), La Guajira, Colombia (Y), Curaçao (Z), Magdalena, Colombia (A’–B’). C’–K’. Specimens 
with “Reticulated” pattern from Bocas del Toro, Panama (C’–E’), Juvenile from Neguanje, Colombia 
(F’), Punta Betin, Magdalena, Colombia (G’–I’), La Guajira, Colombia (J’–K’). L’–O’. Specimens with 
“Black and yellow” pattern from Bocas del Toro, Panamá (L’), Magdalena, Colombia (M’–O’). Photos: 
A–I, Q, V–X, C’–E’, L’, O’ by G. Borrero; R–U by G. Ospina; J–L by E. Acosta; M–P, Y, J’–K’ by 
E. Ortiz; Z, M’ by M. González-Wangüemert; G’–I’ by J. Gómez; and A’–B’, N’ by S. Zea. Scale bars = 
10 mm. 



BORRERO-PÉREZ G.H. et al., Revision of the genus Isostichopus (Holothuroidea)

33

the disc. Large tables with the spire well developed, composed of at least ten pillars that are joining 
at the top, forming a very dense and thick crown of spines, without crossbeams connecting adjacent 
pillars, lateral edges of the external pillars usually with pointed projections. Table discs generally wide 
with several rings of holes; sometimes reduced, same width as the spire in 130 mm specimen (Figs 7D, 
11A); large tables taller and more slender in the 130 mm long specimen, 166–271 μm heigh, whereas 
125–188 μm high in specimens 195 and 230 mm long.

Longitudinal muscles with thin C-shaped rods 40 to 85 (x̄ = 58) μm long and small, simple 59–145 
(x̄ = 112) μm rods (Fig. 7E). Posterior cloaca with numerous C-shaped rods (48–73 μm), simple rods 
(74–131 μm), and spinous irregular plate-like branched rods (Figs 7F, 11A); anterior cloaca with large 
and complex tables 105–140 μm high and 139–180 μm across the disc (Fig. 11A). Respiratory trees 
with few tables 46–55 μm high and 45–56 μm across the disc in the 130 and 195 mm long specimens, 
but not in the 230 mm long one (Fig. 7G). Intestine with spinose or smooth 43–110 μm rods in a cross 
shape, sometimes with bifurcated ends (Fig. 7H). Gonads with delicate, long rods 449–775 μm (Fig. 7I). 
Rods in the gonads present even in the 130 mm long specimen. Gonads of the lectotype with rods 
301–452 μm long (Fig. 11A). 

Distribution
Western Atlantic, from Bermuda and North Carolina, USA to Santa Catarina, South Brazil, including 
the Gulf of México and the Caribbean Sea (Fig. 5A). The geographic range of I. badionotus as defi ned 
here is restricted to the Western Atlantic, where it is sympatric with I. maculatus phoenius currently 
confi rmed in the Gulf of Mexico and the Caribbean Sea, and with I. macroparentheses reported from 
some locations in the Gulf of Mexico and the Caribbean Sea. The southernmost record of I. badionotus 
in Santa Catarina, Brazil, was confi rmed by mitochondrial DNA (Fig. 3C–D). It has been reported from 

Fig. 8 (continued). 
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Fig. 9. Box-plots comparing ossicle size from dorsal papillae from small to large specimens(along x 
axis) from each of the species and subspecies of Isostichopus Deichmann, 1958. A. Dorsal papillae: 
C-shaped ossicle length. B. Dorsal papillae: table height. C. Dorsal papillae: table disc diameter. Photos 
of the ossicles of the same specimens are presented in Fig. 10. Specimens IDs: I. badionotus (Selenka, 
1867) L = 40 mm, USNM E11783; L = 130 mm, USNM 1659462-BT48; L = 195 mm, USNM 1659454- 
BT111; L = 230 mm, USNM 1659447–BT116; I. maculatus phoenius (Clark, 1922) L = 25 mm, INV 
EQU4565; L = 90 mm, USNM 1659481-Ga224; L = 125, USNM 1659472-BT192; L = 185, USNM 
1659479-BT53; I. maculatus maculatus (Greeff, 1882) L = 55 mm, ASI1; L = 110 mm, ASI4; L = 
150 mm, CV1; I. fuscus (Ludwig, 1875) L = 40 mm, INV EQU4229; L = 115 mm, INV EQU4324; 
L = 55 mm, MBMLP-If212; L = 180 mm, INV EQU4323; I. macroparentheses (Clark, 1922) L = 
20 mm, USNM 1659484-Be99; L = 40 mm, USNM 1659485-Be107; L = 65 mm, MCZ HOL-1214; L = 
135 mm, USNM E47524.
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the Brazilian coast and nearby islands, in São Sebastião, the northeast coast of Brazil, and the Trindade 
and Martin Vaz Archipelago by Netto et al. (2005), Netto (2006), Prata et al. (2014) and Martins et al. 
(2016), whose photographs depict I. badionotus. Bathymetric distribution 0–183 m (USNM E39041). 
The species is common between 0–30 m.

Fig. 10. Light microscope photographs of the same specimens as in Fig. 9 (see the length (L) for 
correspondence), comparing ossicle size and shape from dorsal papillae and dorsal body wall from small 
to large specimens from each of the species and subspecies of Isostichopus Deichmann, 1958. A. I. 
badionotus (Selenka, 1867). B. I. maculatus phoenius (Clark, 1922). C. I. maculatus maculatus (Greeff, 
1882). D. I. fuscus (Ludwig, 1875). E. I. macroparentheses (Clark, 1922). Photos by G. Borrero. Scale 
bars = 100 μm.



European Journal of Taxonomy 949: 1–96 (2024)

36

Habitat
Isostichopus badionotus is common and abundant. Field observations have recorded juveniles of 
I. badionotus on seagrass (Shiell 2004) and attached to the underside of rubble or coral slabs (Clark 
1933; Hendler et al. 1995; Conand 2006), although some of these reports may include juveniles of 
I. maculatus phoenius. The species is found on muddy, sandy, sandy-muddy, rocky substrates, seagrass 
beds, mostly Thalassia testudinum K.D. Koenig, and mixed bottoms (sand, corals, algae, sponges, and 
scattered seagrass). As a distinctive characteristic of I. maculatus phoenius, individuals larger than 
130 mm in length are exposed, as also reported by Acosta et al. (2021). An indication of a relationship 
between habitat preferences and color patterns was observed. Individuals with a “Reticulated” and 
“Black and yellow” pattern were never found in dense seagrass beds; they were associated with mixed 
bottoms of corals and sand. In some places, it is possible to fi nd several color patterns, whereas in others 

Fig. 11. Light microscope photographs showing ossicles from the mouth membrane, anterior cloaca, 
posterior cloaca, and gonads of the species and subspecies of Isostichopus Deichmann, 1958. 
A. I. badionotus (Selenka, 1867) (mouth membrane and gonads from the lectotype MCZ HOL-509; 
anterior and posterior cloaca from USNM 1659457-IbBT116). B. I. maculatus phoenius (Clark, 1922) 
(all ossicles from the holotype MCZ HOL-1182). C. I. maculatus maculatus (Greeff, 1882) (all ossicles 
from the neotype USNM E16150; male gonads at the bottom from the neoparatype USNM E16151). 
D. I. fuscus (Ludwig, 1875) (mouth membrane from MCZ HOL-742; anterior cloaca from MBMLP-
If212; posterior cloaca and gonads from MCZ HOL-743). E. I. macroparentheses (Clark, 1922) (mouth 
membrane, anterior and posterior cloaca from USNM E47524; gonads from the holotype MCZ HOL-
921). Photos by G. Borrero. Scale bars = 100 μm.
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only one color is present or is the most abundant. This was also noted by Clark (1942), who compared 
coloration variation in the populations in Bermuda and Jamaica. 

Remarks
The taxonomic status of Isostichopus badionotus (Selenka, 1867) is considered stable since Clark’s 1922 
revision of the genus Stichopus, which included a detailed study of Stichopus badionotus (currently 
Isostichopus badionotus) based on museum and living specimens. Six species of Stichopus had been 
described from the tropical West Atlantic region (Stichopus badionotus Selenka, 1867; S. haytiensis 
Semper, 1868; S. moebii Semper, 1868; S. errans Ludwig, 1875; S. diaboli Heilprin, 1888 and 
S. xanthomela Heilprin, 1888), and two species from West African regions (Stichopus maculatus and 
S. assimilis). After a detailed study of the diagnostic characters, Clark (1922) united all eight species 
under S. badionotus. He concluded that “color is absolutely unreliable as a distinguishing character, and 
body-texture, form, and tuberculation seem to be equally hopeless. The calcareous particles too undergo 
growth changes which lead into diffi culties”. 

Our extensive sampling and revision, including mtDNA sequences of each color pattern, revealed that 
Clark (1922) was correct in synonymizing as S. badionotus the other fi ve species of Stichopus that had 
been described at that time in the West Atlantic. However, he was not right in synonymizing the two 
species from the East Atlantic as S. badionotus. mtDNA sequences, coloration and ossicles distinguish 
I. badionotus from I. maculatus as a different species. This species includes two subspecies, the nominal 
I. maculatus maculatus from the East Atlantic and I. maculatus phoenius from the West Atlantic, 
sympatric with I. badionotus. This means that Clark (1922) was also correct in distinguishing one 
specimen with the entire back and sides bright carmine-red as Stichopus badionotus var. phoenius, which 
we here elevate to sub-specifi c rank and transfer to I. maculatus. The East Atlantic species, S. assimilis, 
proved to belong to the genus Holothuria Linnaeus, 1767 (see I. maculatus maculatus remarks). Our 
comparative examination of ossicle differences in the species and subspecies of Isostichopus showed 
that Clark (1922) was also right in describing I. macroparentheses as a distinct species based on the 
longest C-shaped ossicles.

Although the types of the previously accepted West Atlantic species (S. haytiensis, S. moebii, S. errans, 
S. diaboli and S. xanthomela) were not available for examination, their original description, online 
pictures and the revision in the present paper strongly suggest they are synonymous to I. badionotus, 
concurring with the decision by Clark (1922, 1933, 1942). These species were not thoroughly described 
by the original authors, and the illustrations of their ossicles were not informative, because they are so 
similar to each other. Heilprin (1888) presented the most extensive discussion of these fi ve species. He 
noted the presence of wart-like tubercles, number of pedicels, and color as characters that would clarify 
confusion between S. diaboli and S. haytiensis, and among S. xanthomela, S. moebii and S. errans. 
Regarding color, S. diaboli was described as black, S. haytiensis as dark chocolate-brown, blotched with 
yellow spots, which form fi ve longitudinal bands in the interradii, S. xanthomela as reddish-yellow with 
irregular blotches of black or very dark brown, S. moebii as reddish gray, slightly lighter on the abdomen 
with numerous large round brown-black, sometimes confl uent spots on the back, and S. errans as of 
similar color to S. moebii. These original descriptions of color patterns from these previously accepted 
species fi t the color patterns of specimens examined and assigned to I. badionotus in the present paper. 
They do not, however, fi t the color patterns of I. maculatus phoenius, because there was no mention of 
the white blotches and small black dots characteristic of this subspecies. Some I. maculatus phoenius 
are uniform red or green, again colors not reported in any of these nominal species (Figs 1K–L, 15A). 

The three West Atlantic species and subspecies of Isostichopus accepted in this paper can be most easily 
differentiated by coloration, in addition to molecular differences. Ossicles are not the best character for 
distinguishing I. badionotus from I. maculatus phoenius, although they are very useful for differentiating 
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them from I. macroparentheses. The only internal morphology character to distinguish between large 
specimens of I. badionotus and I. maculatus phoenius is the size and shape of the calcareous ring. 
The dorsal radial plates in I. badionotus are longer with two dorsal radial plates having long posterior 
projections (3–4 mm long) turned inwards in larger individuals (L = 160-235 mm); large specimens of 
I. maculatus phoenius (L = 185 mm), on the other hand, have dorsal radial plates that are shorter and 
thicker (Fig. 4A–B). Habitat is also useful for distinguishing I. badionotus from I. maculatus phoenius 
(see I. maculatus phoenius remarks).

The four color forms of I. badionotus raises the question of whether these are genetically differentiated. 
A slight phylogenetic structure related to the color pattern was found (“Reticulated” and “Black and 
yellow” vs “Chips” and “Uniform” patterns) (Fig. 3A–D). These slight variations in mtDNA, correlated 
with color variation of the individuals in which they occur and their habitat, suggest that there may be 
some form of non-random mating. However, these differences are certainly not suffi cient to indicate the 
existence of different species. Data from more populations and other molecular markers are needed to 
assess these results.

Examination of dorsal papillae in four specimens (and several that were not measured) of I. badionotus, 
from 40 mm to 230 mm long, showed that C-shaped ossicle length and table height increases during 
growth (Fig. 9A–B), that spines at the crown spires are thick and strong in largest specimens, and 
that table disc diameter and number of holes decreases in size and in number. Ossicles become more 
abundant in the middle-sized specimens. Ontogenetic changes in ossicle shape and size in I. badionotus 
have been described by Cutress (1996). Differences between our results and those presented by Cutress 
were in the table height of the juveniles and the number of C-shaped ossicles in the ventral body wall. 
We found lower tables in juveniles than in the adults. This pattern was common in all the species and 
subspecies of Isostichopus for which juveniles were examined. Perhaps the very small size of Cutress’s 
specimens (16 mm and 25 mm) could explain these differences. Cutress found the C-shaped ossicles to 
be more abundant in the ventral than dorsal body wall of most of the specimens she examined, while we 
found the opposite pattern. 

The identifi cation of specimens of I. badionotus (“Reticulated” color pattern) as belonging to the Indo-
Pacifi c species Stichopus herrmanni in the Caribbean Sea (Rodríguez-Forero et al. 2013: 12, fi g. 5), 
Agudelo & Rodríguez 2015: 1022, fi g. 1c) is clearly erroneous. This is supported by the morphology of 
the ossicles. Stichopus possesses rosettes, while Isostichopus does not (Deichmann 1958). Martínez et al. 
(2016: 21, fi g. 4) reported rosettes (Martínez et al. 2016: 21, fi g. 5a) in specimens with the “Reticulated” 
color pattern as I. badionotus Morphotype II; however, in reality these ossicles were rods. More details 
about the morphology of the rosettes can be found in Samyn et al. (2005: 105, fi g. 2; 2006: 31, fi g. 41) 
and in Purcell et al. (2012, 2023).

Biology
Perhaps because of the growing interest in commercial exploitation of Isostichopus badionotus in 
the Caribbean Sea, there is extensive literature on the population density, distribution, fi shery, and 
reproductive characteristics of this species. Toral-Granda (2008a) extensively reviewed the biology, 
ecology, and population status of sea cucumbers in Latin America and the Caribbean, including 
I. badionotus. Reproductive biology information was reported from Panama, Venezuela, Brazil, 
Bonaire, Cuba, Yucatán (Mexico) and Colombia. The smallest size at sexual maturity has been reported 
from Panama (13–15 cm) (Guzmán et al. 2003) and the largest from Venezuela (30 cm) (Purcell et al. 
2023); in Yucatán, Cuba and Colombia the size of fi rst maturity has been documented at 18.5, 21.5 
and 22 cm, respectively (Zetina et al. 2002; Alfonso et al. 2008; Acosta et al. 2021). The sex ratio has 
been reported to be 1:1 in Cuba (Aleaga 2003 in Ortega 2015), Panama (Guzmán et al. 2003), Brazil 
(Pires-Nogueira et al. 2001; Lima et al. 2003) and La Guajira and Santa Marta, Colombia (Invemar 
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2015: Acosta et al. 2021). Guzmán et al. (2003), Foglietta et al. (2004), Zacarías-Soto et al. (2013), 
Invemar (2015), and Acosta et al. (2021) reported that I. badionotus reproduces throughout the year, 
with a peak of reproductive activity between July and November, with some differences according to 
the location in the Caribbean Sea. In Brazil, the reproductive season has been reported in January and 
February and in October and November (Pires-Nogueira et al. 2001). Zacarías-Soto et al. (2013) have 
established that larval development from early auricularia to pentactula occurs between 19 and 22 days 
after fertilization. Juveniles of 654.3 μm in length were obtained on average 25 days after fertilization at 
25 ± 1°C (Zacarías-Soto et al. 2013). After three months, juveniles reach lengths of 1–2 cm; in one year 
they have average sizes of 8 cm (Zetina et al. 2002). 

Individuals of I. badionotus move approximately 0.5 m per day (Hammond 1983). Crozier (1918) 
calculated that in this species in Bermuda each individual fi lls its intestine twice a day and that the 
population can ingest between 500 and 1000 tons of sediment per year. Hammond (1983), on the other 
hand, calculated that each individual fi lls its intestine three or four times during daily movements. 

Vergara et al. (2016) have described the relationship of I. badionotus with the pearlfi sh Carapus 
bermudensis (Jones, 1874) in Taganga Bay, Colombia. Luna-Fontalvo et al. (2014) listed the bacterial 
and fungal communities associated with the skin and the gut of this species. Gut histology of I. badionotus 
has been described by Vergara & Rodríguez (2015), including specimens of the “Chips” (Vergara & 
Rodríguez 2015: 1022, fi g. 1a) and “Reticulated” color patterns (Vergara & Rodríguez 2015: 1022, 
fi g. 1c, as Stichopus hermanni). They also described the histology of individuals of I. maculatus phoenius 
(Vergara & Rodríguez 2015: 1022, fi g. 1b, as Isostichopus sp.). These authors found a similar histology 
of the digestive tract between the two species, but they observed differences in the thickness of the 
intestinal submucosal tissue, which can be related to specifi c feeding habits. Albinism in I. badionotus 
has been recorded by Wakida-Kusunoki et al. (2016) in one specimen collected in Yucatán, Mexico.

The highest population densities of I. badionotus, ranging from 5600 to 8800 ind/ha, were reported in 
the southeastern region of Cuba (Alfonso et al. 2004; Alfonso 2006). Ortega (2015) reported densities 
ranging between 900 and 3300 ind/ha in a survey conducted from 2008 and 2013 in the north part of Isla 
de la Juventud, Cuba, with no signifi cant differences between years and localities. Jesús-Navarrete et al. 
(2018) reported a mean density of I. badionotus of 5570 ind/ha in 2011–2012 in Sisal, Yucatán, Mexico, 
but other surveys in this region found much lower densities. Lopez-Rocha (2011), also for Sisal, reported 
217 ind/ha and compared this value with previous densities ranging between 267 to 437 ind/ha in 2007 
in Progreso, Yucatan, and between 5 to 25 ind/ha at the central and east coast of Yucatan in 2000–2001. 
Poot-Salazar et al. (2015) and Hernández-Flores et al. (2015) estimated a density of 720 ind/ha in fi shing 
areas near Progreso. In the Mexican Caribbean coast (Banco Chinchorro, Quintana Roo), I. badionotus is 
not among the most abundant species (Fuente-Betancourt et al. 2001). In Belize, signifi cant differences 
in density were found in three habitats, with 10 ind/ha on the sand and sparse seagrass beds, 50 ind/ha in 
seagrass and rubble, and 17.7 ind/ha in sparse seagrass near shore (Rogers 2013). Guzmán & Guevara 
(2002) reported a density of 117.4 ind/ha in Bocas del Toro (Panama). Invemar (2015) has reported the 
highest mass density of I. badionotus in two regions of the Colombian Caribbean coast, 12 640 kg/km² 
(126.4 kg/ha) in La Guajira and 11 ind/km² (0.11 ind/ha) in Magdalena; the species, however, is scarce 
in other regions (Cordoba and Bolivar). In Venezuela, Tagliafi co et al. (2011) reported that I. badionotus 
was most abundant on the East coast of Cubagua Island. At this location, it is found over Thalassia 
testudinum beds or mollusk shell aggregations, with an average density of 117 ind/ha.

Conservation status
Isostichopus badionotus is recognized as one of the most highly exploited and commercially valuable 
species in the Caribbean region, along with Holothuria (Halodeima) mexicana Ludwig, 1875 and 
Isostichopus maculatus phoenius (Purcell et al. 2023, as Isostichopus sp. ‘phoenius’). The prices of 
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dried I. badionotus in Guangzhou and Hong Kong, China SAR retail markets ranged from US$ 203 to 
402 kg-1 (Purcell et al. 2012, 2023). Currently, I. badionotus is listed as a species of Least Concern by the 
IUCN Red List of Threatened Species (Toral-Granda et al. 2013). However, this category could change 
in the future, considering, among other reasons, that the distribution of the species is now restricted to 
the West Atlantic. The incessant growth of Asian market demands has led the opening of new fi sheries 
and the depletion of some populations. Furthermore, preoccupation about the conservation of this 
species is justifi ed because of the differences in population densities in different areas. López-Rocha 
(2011) suggested that differences in density may be due to different sampling methods applied to the 
patchy distribution of sea cucumbers. Differences in densities of populations require differences in their 
management. Hernández-Flores et al. (2018) proposed a technique of improving stock assessment by 
considering the distribution pattern of I. badionotus. 

Purcell et al. (2012, 2023) included Cuba, Nicaragua, and Venezuela as the countries where I. badionotus 
is fi shed commercially; they also reported on the illegal, unregulated, and non-quantifi ed fi shery in 
Colombia and Florida (USA), Puerto Rico, and the United States Virgin Islands, where the species 
is of potential commercial interest. Currently, in addition to those countries, reported commercial 
fi sheries include Mexico and Belize (Rogers 2013; Rogers et al. 2017; Jesús-Navarrete et al. 2018). 
Characteristics and current state of the fi shery in each country are different. In Yucatán, Mexico, where 
perhaps one of the better regulated sea cucumber fi sheries in the Caribbean occurs, the resource has 
decreased (Rodríguez-Gil et al. 2015). In Belize, H. mexicana and I. badionotus have been legally 
fi shed since 2009 (Perez & Garcia 2012 in McNab & Rogers 2017). In Cuba, the most recent fi shery 
analysis in Isla de la Juventud, a well studied fi shery since 2004 (Alfonso et al. 2008; Ortega & Alfonso 
2011; Ortega 2015), showed that the population of I. badionotus is healthy, and its fi shery remains 
stable (Ortega 2015). In Colombia, illegal and unregulated fi shery of I. badionotus has been reported 
and quantifi cation is being developed (Borrero-Pérez et al. 2006; Reyes-Sánchez et al. 2011; Invemar 
2013, 2015; Rodríguez-Forero et al. 2013). Currently, I. badionotus is included in the Red Book of 
Marine Invertebrates of Colombia (Borrero-Pérez et al. 2022); data from La Guajira fi shery showed a 
32% reduction in catches per unit of effort between 2006–2017, despite some cessations of the fi shery 
during these years (Reyes-Sánchez et al. 2011; Borrero-Pérez et al. 2022). In Panamá, the fi shing of sea 
cucumbers is banned by Executive Decrees (157-2003, 217-2009), but an illegal fi shery occurs in areas 
such as Bocas del Toro (Vergara-Chen et al. 2015). In Florida, there has been, since 2014, a regulation 
about a vessel limit of 200 sea cucumbers per trip in state and federal waters (FWC 2014). Nicaragua 
fi shery is the subject of the most alarming report, because it involves not only the overexploitation of 
I. badionotus and H. mexicana, including immature sea cucumbers as an increasing proportion of the 
catches, but also human injustice, abuse and even death (Rogers et al. 2017). This fi shery also involves 
Honduras, from where its operating fi nanciers (Chinese and Koreans) originate. 

Rogers et al. (2017) highlight another reality of the sea cucumber fi shery, which is the price at which 
artisanal fi shers in the Caribbean having been selling their catches. In Nicaragua, this price is only US$ 
6.00 kg-1 (Rogers et al. 2017) and in Colombia it is less than US$ 0.29–1.89 kg-1 (Invemar 2013), prices 
that are far from the US$ 22 kg-1 value reported by Purcell et al. (2012, 2023) and those in Hong Kong 
China SAR retail markets.

Aquaculture is a strategy for species conservation. In the most complete review about sea cucumber 
aquaculture (Lovatelli et al. 2004), I. badionotus is not mentioned, possibly because interest in this 
species as a resource for aquaculture started only after 2004. Currently, there is some research on this 
subject (Zacarías-Soto et al. 2013), but most studies are still in progress (Pelegrín-Morales et al. 2009; 
Sarkis 2015; Felaco & Olvera-Novoa 2017; Rogers 2018). Martínez et al. (2016) present a manual for 
the cultivation and processing of sea cucumbers including specimens of the “Chips” (as I. badionotus 
Morfotipo I) and “Reticulated” color patterns (as I. badionotus Morfotipo II). In Panama, the use, 
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exclusively for mariculture, of I. badionotus and H. mexicana, is permitted (Executive Decree 20-2019) 
and farming projects are being established. In Colombia, sea cucumbers are not considered a fi shing 
resource, so fi shing and aquaculture are not allowed (Puentes et al. 2014; Invemar 2015; Borrero-Pérez 
et al. 2022).

Isostichopus maculatus maculatus (Greeff,  1882)
Figs 1Z–H’, 3A–D, 4C, 5A, 9, 10C, 11C, 12–14; Tables 1–3

Stichopus maculatus Greeff, 1882: 158.

Stichopus maculatus – Théel 1886: 195. — Sluiter 1910: 333. — Ancona-López 1957: 7.
Isostichopus badionotus – Clark 1922: 55. — Cherbonnier 1975: 631–637, pl. 1a–c fi gs 1a–g, 2h–o. —

Pawson 1978: 27–28, fi g. 11m. — Pérez-Ruzafa et al. 1999: 54. — Entrambasaguas 2008: 134–138. 
— Entrambasaguas et al. 2008: 479–481.

Isostichopus cf. badionotus – Wirtz et al. 2020: 38.
Isostichopus maculatus maculatus – Borrero-Pérez et al. 2022: 180. 
Isostichopus sp. ‘maculatus’  – Purcell et al. 2023: 146–147.

Original name
Stichopus maculatus Greeff, 1882.

Current status
Isostichopus maculatus maculatus (Greeff, 1882).

Name-bearing type
Neotype USNM E16150, neoparatype USNM E16151.

Type locality
English Bay, Ascension Island for the neotype, instead of Rolas Island, São Tomé for the holotype.

Diagnosis
White spots as white granules on the skin (Figs 1Z–H’, 14); table ossicles from top of the dorsal papillae  in 
two shapes, large, regular Isostichopus tables 58–86 (x̄ = 71) μm high (Fig. 2B) and modifi ed “maculatus” 
tables 60–108 (x̄ = 86) μm high (Figs 2D, 10C, 12C, 13A); distributed in the Mid and East Atlantic 
(Fig. 5A); mtDNA divergence from other species of the genus > 8.2% in COI-Fr1 (barcoding region), 
> 9.5 in COI-Fr2 and > 8.2% in 16S; between subspecies 1.4%, 1,9% and 0.4% respectively (Table 2).

Material examined
Neotype (here designated)

ASCENSION ISLAND • 1 spec. (L = 105 mm); Ascension Island, English Bay, Station number RBM-
ASC21; 1971; R. Manning leg.; USNM E16150.

Neoparatype (here designated)
ASCENSION ISLAND • 1 spec. (L = 125 mm); Ascension Island, Southwest Bay, Station number 
RBM-ASC9; 1971; R. Manning leg.; USNM E16151.

Other material
EAST ATLANTIC – Cape Verde • 1 spec. (L = 55 mm); São Vicente Island, Mindelo; 16.889267° N, 
25.000642° W; 24 Aug. 2015; P. Wirtz leg.; ImuCV1, only images and tissue (used) • 1 spec. (L  = 
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85 mm); same data as for preceding; ImuCV2, only images • 1 spec. (L = 120 mm); same data as for 
preceding; ImuCV3, only images • 1 spec. (L = 110 mm); same data as for preceding; ImuCV4, only 
images • 1 spec. (L = 145 mm); Santiago Island, Tarrafal; 15.275056° N, 23.758656° W; 28 Oct. 2015; 
P. Wirtz leg.; ImuCV5, only images • 1 spec.; same data as for preceding; ImuCV6, only images • 
1 spec.; same data as for preceding; ImuCV7, only images and tissue (used) • 1 spec.; same data as for 
preceding; ImuCV8, only images • 1 spec.; same data as for preceding; ImuCV9, only images • 1 spec. 
spotted dark pattern; same data as for preceding; ImuCV10, only images and tissue (used). – São Tomé 
and Príncipe • 3 specs; São Tomé; 0.273383° N, 6.476564° E; N. Vasco-Rodríguez leg.; only images 
• 5 specs; Ilha do Principe; 1.606606° N, 7.355° E; R. Haroun leg.; only images. – Senegal • 1 spec.; 
Dakar–Îles Madeleines; UF16295. – Sierra Leone • 1 spec.; 8.135025° N, 13.198139° W; P. Wirtz 
leg.; only images. – Liberia • 1 spec.; Kligba, Rivercess County; FAOLIB08 • 1 spec.; same data as 
for preceding; FAOLIB09 • 1 spec.; Artah Beach, Sasstow Grand Kru County; FAOLIB10. – Nigeria 
• 2 specs; 4.528551° N, 5.491359° E; fi shermen leg.; only images. – Gabon • 1 spec.; Libreville; 
0.393065° N, 9.427977° E; P. Wirtz leg.; only images.

MID ATLANTIC – Ascension Island • 2 specs (L = 70–90 mm); Pan Am Base; depth 12–14 m; 
K. Jourdan leg.; USNM E17246 • 1 spec. (L = 10 mm); English Bay, Station number ASC3A; 7.93° S, 
14.4° W; 1 Jul. 1976; M. Jones leg.; USNM E16166 • 1 spec. (L = 35 mm); Porpoise Point NE Side, 
Station 80-28; 7.9017° S, 14.355° W; depth 10.7–12.2 m; 27 Jul. 1980; Ascension I Expedition, Grice 
Marine Biological Laboratory exped.; USNM E34268 • 1 spec.; English Bay, One Hook; 7.893231° S, 
14.387247° W; 9 Nov. 2015; P. Wirtz leg.; ImuASI1, only images and tissue (used) • 1 spec.; same 
data as for preceding; ImuASI2, only images and tissue (used) • 1 spec.; same data as for preceding; 
ImuASI3, only images • 1 spec.; Georgetown Town Pier; 7.924708° S, 14.414214° W; 15 Nov. 2015; 
P. Wirtz leg.; ImuASI4, only images and tissue (used) • 1 spec.; same data as for preceding; ImuASI5, 
only images.

Description
EXTERNAL APPEARANCE. Medium species, up to 220 mm long (Greeff 1882), examined specimens 55–
145 mm long (n = 7, neotype: 150 mm long (contracted); neoparatype: 125 mm long). Body loaf-like, 
length/width ratio 3.3 ± 0.9 (n = 5, 1.6–4.3, neotype 1.6, paratype 2.6). Specimens convex or somewhat 
quadrangular in cross section; rounded in the anterior and posterior parts (Figs 12B, 14). Contracted 
neotype tapering posteriorly and anteriorly (Fig. 12A). Body wall fi rm and thick (2–5 mm thick in the 
neotype). Anus supra-terminal, circular and surrounded by large papillae. Mouth directed ventrally, 
encircled by a collar of large papillae (2–3 mm high in the neotype). Large peltate tentacles 20, about 
5–6 mm long, and shield 5–6 mm wide, in the neotype partially retracted. Dorsal papillae medium to 
large, wart-like; conical in the neotype (up to 5 mm high and 3 to 5 mm wide at the base) and neoparatype, 
usually scattered irregularly, in some specimens, including neotype and neoparatype, arranged in two 
irregular rows along each fl ank, defi ning a slightly quadrangular shape; smaller papillae irregularly 
arranged, usually wart-like, sometimes rounded and low with a thin tip in live specimens. Dorsal 
papillae less obvious than lateral ones; lateral papillae conical and large, sharply defi ning the dorsal and 
ventral surface (Fig. 14). Papillae in preserved specimens conspicuous (Fig. 12A–B). Ventral surface 
densely covered with large cylindrical pedicels, arranged in three longitudinal rows barely visible, most 
retracted in the neotype, but most relaxed in the neoparatype (2–3 mm long, 1 mm wide) (Fig. 12A–B). 

COLOR AND BODY WALL APPEARANCE. Body wall opaque and smooth, not translucent, nor rugose. Color 
extremely variable, four main color patterns (Figs 1, 14): (1) Uniform pattern (U) (Fig. 1Z): uniform dark 
red, specimens of this color are rare. (2) Dark and white color pattern (DW) (Fig. 1A’–D’): red, orange, 
or brown background with white irregular blotches of different shapes and sizes, arranged in longitudinal 
or transversal orientations; a dark line occasionally surrounding white blotches. The white irregular 
blotches with off-white spots as white granules, not rugose. (3) Light and sharp dark color pattern (LSD) 
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Fig. 12. A. Neotype of Isostichopus maculatus maculatus (Greeff, 1882) from English Bay, Ascension 
Island (USNM E16150, 105 mm long, contracted). B. Neoparatype of I. maculatus maculatus from 
Southwest Bay, Ascension Island (USNM E16151, 125 mm). C–D. Neoparatype ossicles showing tables 
from dorsal papillae (C) and dorsal body wall (D). E. Holotype of Stichopus assimilis Bell, 1882 (ZOO 
1873.7.29.1). F–G. Ossicles of S. assimilis holotype from dorsal papillae (F) and dorsal body wall (G). 
Photos by G. Borrero. Scale bars: A–B, E = 20 mm; C–D, F–G = 100 μm.
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(Fig. 1E’–F’): lighter background in brown, beige, white, pink colors, and sharp darker irregular blotches 
in brown or brown-orange of different size and irregularly arranged. The lighter background area with 
white spots as white granules, not rugose; most lateral papillae with spiral lines from the base to the tip, 
which are darker than the background. (4) Dark green and light papilla pattern (DGL) (Fig. 1G’–H’): 
dark green color with white spots as white granules in the background and light-yellow papillae, with 
darker green blotches in some specimens. DGL color pattern resembling the reticulated pattern color 
of I. fuscus, in live and preserved specimens. Preserved, neotype and neoparatype (Fig. 12A–B) with 
dark brown background with the biggest dorsal and lateral papillae conspicuous and lighter in a yellow-
brown color; white granules present in the dorsal side; some papillae with a spiral line from the base to 
the tip; tentacles, ventral surface and pedicels of the same color as the dorsal and lateral papillae.

INTERNAL ANATOMY (based on USNM E16150, Neotype, and USNM E16151, neoparatype, specimens 
105–125 mm long). Calcareous ring 14 mm in diameter, radial elements roughly quadrangular, 5 mm 
wide and 6 mm long, with four anterior small lobes, dorsal radial plates with posterior projections longer 
(1.5 mm long) than those of the ventral plates (0.5 mm long); interradial elements about half as wide as 
radial elements (3 mm wide), pointed anteriorly with concave posterior margin (Fig. 4C). Neotype and 
neoparatype stone canal irregularly helical, about 10 and 12 mm long respectively, including the ending 
fl at, leaf-like 4 and 6 mm long madreporite, broken free in the neotype; stone canal in good condition, 
attached to the dorsal tegument in the neoparatype. Tentacle ampullae variable in size, 10 to 21 mm long 
in the neotype and about 8 to 16 mm in the neoparatype. One elongated Polian vesicle, about 17 mm 
long by 3.5 mm wide in the neotype and 21 mm by 4 mm in the neoparatype. Gonads in two tufts, one on 
either side of dorsal mesentery, branched in cylindrical tubes about 0.5–1 mm wide, extending 50 mm 
from the anterior to posterior body and fi lled with eggs 31–64 μm diameter in the neotype (Fig. 11C), 
and extending 24 mm and fi lled with sperm in the neoparatype (Fig. 11C). Longitudinal muscles divided, 
about 8 mm wide, attached to body wall medially in both neotype and neoparatype. Respiratory trees 
inserted near the anterior cloaca, arising from a common stem 12 and 11 mm long in the neotype and 
neoparatype respectively; then divided in a left tree about 67 and 72 mm long and a right tree about 50 
and 60 mm long, extending along the intestine. 

OSSICLES (based on USNM E16150 (neotype, SEM images); USNM E16151 (neoparatype); USNM 
E17246 (for mouth membrane); fi fteen not collected specimens (only tissue for dorsal papillae), 
specimens 55–145 mm long).

Dorsal papillae with regular Isostichopus tables (Fig. 2A–B), modifi ed maculatus tables (Fig. 2D), few 
C-shaped ossicles, perforated plates, and large rods (Fig. 13A). All types of ossicles present in all the 
sizes examined. Modifi ed maculatus tables not common in some specimens, in which only large and 
stout regular Isostichopus tables are present. C-shaped deposits 54–90 (x̄ = 69) μm long, not abundant 
even on the top of the papillae, but more common in the neoparatype; S-shaped ossicles not observed. 
Tables varying in shape from the top to the base of the papillae; at the top numerous modifi ed maculatus 
tables 60–79 (x̄ = 70) μm high and 66–116 (x̄ = 96) μm across disc; spire v ery high, slightly or strongly 
constricted at the crown, composed of four pillars ending in only one large and blunt spine; two to 
three crossbeams connecting adjacent pillars; disc margins irregular and wide, having one rounded 
central perforation and a variable number of peripheral perforations, irregularly arranged, usually in two 
rings, 9 to 14 perforations in the inner ring, and 1 to 20 in the external ring; outer edge of disks with 
some blunt projections resulting from incomplete holes (Figs 10C, 13A). In addition to the neotype and 
neoparatype, four examined specimens from Ascension 55 to 145 mm long with modifi ed “maculatus” 
tables at the top of the papillae. Presence of these tables not related to the size of the specimens, present 
in the smallest specimen (L = 55 mm, 73–94 (x̄ = 86) μm high and 82–141 (x̄ = 104) μm across the disc) 
and in one of the largest (L = 110 mm, 80–108 (x̄ = 94) μm high and 89–140 (x̄ = 114) μm across the 
disc) (Figs 9B–C, 10C). In one specimen from Ascension and 10 specimens from Cape Verde the most 
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Fig. 13. Isostichopus maculatus maculatus (Greeff, 1882) ossicles (neotype USNM E16150, 105 mm 
long). A. Thin C-shaped rods, modifi ed maculatus tables, regular Isostichopus tables, perforated plates, 
and large, curved rods from the dorsal body wall and papillae. B. Tables, perforated plates, large, curved 
rods and end plate (not complete, ½ of the round plate) from the ventral body wall and tube feet. C. Rods 
and tables from tentacles. D. Rods from longitudinal muscles. E. Spinous irregular plate-like branched 
rods in the cloaca. F. Bifurcated spinous rod in the respiratory trees. G. Cross-shaped ossicles from the 
intestine. H. Simple rods from the gonads. Photos by G. Borrero.
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Fig. 14. Color patterns and morphological variation of Isostichopus maculatus maculatus (Greeff, 
1882). (DNA sequences and detailed information of some specimens are indicated in Table 1, see 
Photo ID column for correspondence). A–C, F, I, Q, T. Specimens with “Dark and White” pattern 
from Cape Verde (A, B–C, F, I), São Tomé (Q) and Ascension Island (T). D–E, G–H, J–L, O–P (top), 
R–S. Specimens with “Light and sharp dark” pattern from Cape Verde (D–E, G, H, J–K), Dakar, Senegal 
(UF 16295) (L), Liberia (N dorsal and ventral view, O except left specimen), Nigeria (P top specimens), 
São Tomé (R), Libreville, Gabon (S). M, O (left), P (bottom). Specimens with “Dark green and light 
papillae” pattern from Sierra Leone (M), Liberia (O-left specimen) and Nigeria (P bottom specimen). 
Photos: A–K, M, S–T by P. Wirtz; L by Florida Museum of Natural History Data Collection; N–O by T. 
Collison; P by fi shermen NN; Q-R by N. Vasco Rodrigues.
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common tables at the top of the papillae regular Isostichopus tables, but larger and stouter, more square 
profi le than those of the middle and the base of the papillae (top papillae: 58–86 μm high (x̄ = 71 μm) 
and 62–95 (x̄ = 80) μm across the disc) (Figs 9B–C, 10C). Toward the papilla base modifi ed maculatus 
tables absent, regular Isostichopus tables present, more numerous and decreasing in size toward the 
base, the latter with sizes similar to tables from the body wall. Large, regular Isostichopus tables at the 
middle of the papillae (50–78 (x̄ = 60) μm high and 51–67 (x̄ = 59) μm across disc) composed of four 
pillars slightly co nstricted proximally to the disc; one crossbeam connecting adjacent pillars; pillars 
ending in triplets of spines forming a crown with a middle hole; disc margins smooth and wide, having 
one rounded central perforation and 8 to 12 peripheral holes, usually arranged in one simple ring; tables 
nearest to the top of the papillae with 4 to 7 extra perforations. Few perforated plates, located in the top 
of the papillae, with few large perforations, larger in the center, 104–121 μm across. Slightly curved 
rods 228–317 μm long, usually with quadrangular extentions distributed mostly in the central part, 
occasionally perforated (Fig. 13A). 

Dorsal body wall with numerous tables and a few C-shaped ossicles (Figs 10C, 13A). Regular 
Isostichopus tables similar to those in the middle and the base of the papillae, but smaller, 38–51 (x̄ = 
43) μm high and 43–60 (x̄ = 48) μm across the disc, usually with perforations arranged in one simple 
ring. Few C-shaped ossicles (49–58 μm), scarce in the neotype, more common in the neoparatype; 
S-shaped ossicles not observed.

Pedicels with tables, thin C-shaped rods, perforated plates, large, curved rods and end plates (Fig. 13B). 
Few C-shaped deposits 79–81 μm long in the neotype, but more common 47–78 μm long in the 
neoparatype. Numerous small, regular Isostichopus tables 24–35 (x̄ = 29) μm high and 36–54 (x̄ = 
49) μm across the disc; shape of the tables similar to those from median dorsal papillae and body wall. 
Numerous elongated perforated plates (195–282 μm), with numerous perforations larger and elongated 
in the center of the plate; slightly curved rods (300–389 μm), usually with perforated central expansions; 
end plates 638 μm across.

Ventral body wall only with tables similar to those from pedicels, 32–41 (x̄ = 37) μm high and 36–49 
(x̄ = 43) μm across disc; no C-shaped ossicles. 

Tentacles with tables and rods (Fig. 13C). Few table ossicles 38–42 μm across disc; spire low, composed 
of four incomplete pillars that usually are not joined at the top, without crossbeams connecting adjacent 
pillars, discs having a big and not rounded central perforation, usually with four peripheral perforations, 
margins spinous and thin; some tables in the neoparatype (36–51 μm long) with complete single ring of 
holes when situated at the base of the tentacles. Numerous strongly curved spiny rods 50–284 μm long.

Mouth membrane with tables, C-shaped rods, and simple rods (Fig. 11C). Numerous large tables 71–
97 μm across disc; spire low, composed of four incomplete pillars that usually are not joined at the top 
and end in some small spines, without crossbeams connecting adjacent pillars; discs having a large and 
not rounded central perforation, appearing as four perforations from dorsal view, usually with one or two 
rings of holes irregularly arranged, margins spinous and thin; numerous C-shaped deposits (38–55 μm); 
numerous small rods (48–81 μm). 

Longitudinal muscle with small rods (46–68 μm) (Fig. 13D). Thin C-shaped rods in the neoparatype (26–
38 μm), absent in the neotype. Posterior cloaca with spinous rods simple or bifurcated (110–192 μm); 
spino us, irregular plate-like branched rods, 84–203 μm across; no C-shaped deposits (Figs 11C, 13E). 
Anterior cloaca with large tables 83–137 μm high and 109–208 μm across the disc (Fig. 11C). Respiratory 
trees with spinous rods, simple or bifurcated (91–157 μm); no table ossicles (Fig. 13F). Intestine with 
cross-shaped rods, sometimes with bifurcated ends (48–91 μm long), spinose or smooth (Fig. 13G). 
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Gonads, with delicate and long spiny rods (169–256 μm) (Figs 11C, 13H); a few table ossicles in the 
neotype, one table ossicle 50 μm across the disc, spire low and incomplete.

Distribution
Isostichopus maculatus maculatus was only known from Rolas Island, São Tomé and Príncipe, Gulf of 
Guinea in the East Atlantic. We extend its geographical distribution to the tropical and subtropical East 
and Mid Atlantic, as there are confi rmed specimens from Ascension Island, Cape Verde Archipelago, São 
Tomé and Príncipe, Senegal, Sierra Leone, Liberia, Nigeria, and Gabon (Fig. 5A) (Cherbonnier 1975; 
Pawson 1978; Pérez-Ruzafa et al. 1999, 2003; Entrambasaguas 2008; Entrambasaguas et al. 2008, as I. 
badionotus; Wirtz et al. 2020, as Isostichopus cf. badionotus). Specimens recorded by Pawson (1978) 
from Ascension Island as I. badionotus are designated here as neotype and neoparatype of I. maculatus 
maculatus. Bathymetric distribution: intertidal to 40 m (Purcell et al. 2023).

Habitat
Isostichopus maculatus maculatus is common in shallow habitats in the Mid and East Atlantic as 
reported by Pawson (1978), Pérez-Ruzafa et al. (1999, 2003), Entrambasaguas (2008), Entrambasaguas 
et al. (2008), Wirtz et al. (2020) and Purcell et al. (2023). In Ascension, I. maculatus lives exposed 
on sand or rock but is not common intertidally (Pawson 1978). In the Cape Verde Archipelago it is 
reported that adults (L = 150–200 mm) live completely exposed on mud, sand or rock bottoms, although 
they can also be found in cracks or under rocks (Entrambasaguas 2008). The species was recorded at 
most islands in the Cape Verde Archipelago, but not at São Antao and Santa Luzia. Where present, 
I. maculatus maculatus was very abundant and was one of the species that “were well correlated with 
some variables indicating heterogeneous (with an important proportion of algal cover and sand) and/
or complex habitats (determined by small and medium-sized boulders)” (Entrambasaguas et al. 2008). 
Feeding activity begins in the afternoon and peaks before midnight. Juveniles are usually located under 
gravel or slabs of coral, in isolation or aggregated (Perez-Ruzafa et al. 1999; Entrambasaguas 2008). 
Purcell et al. (2023) found this this species on sandy or rocky substrates and refuging under rocks and 
in crevices in Cape Verde. Observations made in Ilha do Principe, São Tomé and Príncipe in April–June 
2016, found it to be common in shallow marine habitats, composed of volcanic rocks; the individuals 
were in crevices during the day and moved to nearby soft bottoms during the night (R. Haroun pers. 
com.). In subsequent sampling efforts in October–November 2016, the species was rarer than in April–
June. At one locality where specimens were common at 1–3 m depth during April–June, they were only 
encountered at 15–25 m in October–November. The probable reason was excessive fi shing for sale to 
the Chinese market (R. Haroun pers. com.). In Liberia, this species occurs mostly on reefs with large 
boulders (Purcell et al. 2023). 

Remarks
Even though specimens of the African coasts and its neighboring islands were not examined by Clark 
(1922), he synonymized Stichopus assimilis from Angola and Stichopus maculatus from São Tomé 
under S. badionotus. He considered that there was nothing in the original descriptions that would 
justify their status as separate species. We examined the holotype of S. assimilis at the Natural History 
Museum of London (ZOO 1873.7.29.1) and determined that it belongs to the genus Holothuria, 
subgenus Holothuria, considering external morphology and ossicles (Fig. 12E–G). Although the types 
of S. maculatus were not found, several elements of evidence allowed us to resurrect I. maculatus and to 
designate the specimen USNM E16150 as the neotype and USNM E16151 as neoparatype. English Bay, 
Ascension Island is the new type locality, according to article 76.3 of the ICZN Code (1999). Attempts 
to obtain specimens of I. maculatus maculatus from São Tomé, were not successful, and neither was 
the attempt to examine at the Muséum national d’Histoire naturelle, Paris, the specimen described by 
Cherbonnier (1975). Greeff’s (1882) original description of this species is short and not accompanied by 
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drawings of ossicles. However, coloration was considered by Greeff as an important diagnostic character. 
He described it as chocolate-brown in the background with numerous larger irregular yellow spots, and 
whitish round spots as white granules. Although the coloration was highly variable in the specimens we 
examined, the “whitish round spots as white granules” were a common pattern (Fig. 14). Cherbonnier 
(1975) examined one specimen of Isostichopus collected near São Tomé, the original type locality of 
I. maculatus, and concluded that it corresponds with the description of Greeff, but he also agreed with 
Clark (1922) in accepting S. maculatus as a synonym of S. badionotus. Cherbonnier (1975) observed a 
perfect match of ossicles of the São Tomé specimen and the ossicles of S. badionotus, except for some 
large tables from its dorsal papillae, which were twice as large as tables of S. badionotus. This is the kind 
of tables considered here as modifi ed “maculatus” tables. These tables had a slenderer spire or pillars 
with some rough edges and ended with some blunt spines instead of a regular crown (Cherbonnier 1975: 
632, fi g. 1a–c, e). mtDNA sequences from our specimens and their ossicles, including the specimens 
reported by Pawson (1978) from Ascension (designated here as neotype and neoparatype), indicated 
that the table differences reported by Cherbonnier (1975) are not due to intraspecifi c variability in I. 
badionotus, but to interspecifi c differences. Tables of dorsal papillae in I. maculatus maculatus are of 
two shapes, the regular Isostichopus tables and the modifi ed “maculatus” tables (Figs 2A–B, D, 13A). 
The regular Isostichopus tables in this species are the largest in the genus (in height and disc diameter) 
(Figs 9B–C, 10C, 13A); they are similar in size to those of I. badionotus only in the body wall. The 
coexistence in the dorsal body wall of two kinds of tables can lead to confusion in identifi cation. The 
regular Isostichopus tables are located in the middle and the base of the papillae and in the body wall, 
whereas the modifi ed “maculatus” tables, when present, are located at the top of the papillae. Perhaps 
because of their location, and of their absence in some specimens, neither Pawson (1978), Pérez-Ruzafa 
et al. (1999), or Entrambasaguas (2008) have recorded them.

Examination of three specimens (and several without measurements) of I. maculatus maculatus, from 
55 mm to 150 mm long, showed that ossicles become more abundant in the largest specimens. No 
dramatic changes in size and shape were observed in the modifi ed “maculatus” tables during ontogeny, 
but fewer regular Isostichopus tables with smallest discs were observed in the 55 mm long specimens in 
comparison to those from 110 mm. Entrambasaguas (2008) described a higher and slightly tapered spire 
in a 19 mm juvenile (HO 1028), a very small size not examined by us. C-shaped rods in this subspecies 
are less abundant than in the other species of Isostichopus. C-shaped rods are fewer in the neotype and 
more frequent in the neoparatype. 

Biology
Purcell et al. (2023) reported that this species is mostly nocturnal, hiding during the day and foraging at 
night. These authors also report a reproductive season in late summer, when seawater is warmest.

Conservation status
As a species previously synonymized with I. badionotus, and currently recognized as a subspecies of 
a different species, it has not been included in the IUCN Red List of Threatened Species. Nuno et al. 
(2015) recorded an increasing harvest of sea cucumbers in the eastern Atlantic for the international 
trade, but presented no details as to the species, locality, and removed quantities. It has been reported 
that I. maculatus maculatus is being illegally fi shed in Ilha do Principe, São Tomé, even though the 
government issued a law in November 2016 to completely ban the fi shing of this species (R. Haroun pers. 
com.). Recently, the species was included in the FAO catalog of commercially important sea cucumbers 
of the world (Purcell et al. 2023, as Isostichopus sp. ‘maculatus’) as a high-value species in Asian 
dried seafood markets. Trading is reported in Liberia and Sierra Leone, where it is sold by fi shermen 
for US$ 1.75 kg-1 for fresh sea cucumbers, and US$ 50–150 kg-1 for dried animals. Average price of 
dried I. maculatus maculatus in Hong Kong, China SAR markets ranged from US$ 930 to 1237 kg-1 
(Purcell et al. 2023). In Liberia there has been a legal fi shery by holders of government-issued fi shing 
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licenses since 2021. The sea cucumbers are harvested by hookah divers from inshore reefs, catching 
130–150 kg per diver per night in 2016, declining to 50–60 kg per diver per night by 2021 (Purcell 
et al. 2023). In Cape Verde there has also been a legal fi shery since 2021 when fi shing and trading was 
permitted by government regulations. Records from December 2020 to April 2021 (when the fi shery 
was illegal), reported harvests of 2.7 tons (average catch rate of 37 kg per diver per night). The species 
is now found at depths of 30 to 40 m, perhaps due to fi shing pressure in shallow waters (Purcell et al. 
2023). Potential fi shery interest in the species has been reported in Nigeria (Fig. 14P) (Solís-Marín pers. 
com.). Conservation status of this subspecies is unknown. The current geographic distribution could be 
considered as restricted, which is a new criterion for its inclusion in the IUCN Red List.

Isostichopus maculatus phoenius (Clark, 1922)
Figs 1K–Y, 3A–D, 4B, 5A, 9, 10B, 11B, 15–18; Tables 1–3

Stichopus badionotus var. phoenius Clark, 1922: 60.

Stichopus badionotus var. phoenius – Clark 1933: 109. — Deichmann 1930: 82. 
Isostichopus badionotus – Gómez-Maduro & Hernández-Ávila 2011: 223, fi gs k–l (at least one 

specimen). — Borrero-Pérez et al. 2012: 175, fi gs a, d.
Stichopus sp. – Agudelo & Rodríguez 2015: 51–52, fi gs 1–3. — Vergara & Rodríguez 2015: 1022, 
fi g. 1b. 

Isostichopus sp. – Invemar 2015: 115. — Vergara & Rodríguez 2015: 1022, fi g. 1b; 2016: 130–137. — 
Martínez et al. 2016: 15, fi g. 1, 22, fi g. 6. — Vergara et al. 2018: 39–41, fi gs 4–6. — Acosta et al. 
2020: 1–14, fi g. 1; 2021: 1–17.

Isostichopus sp. nov. – Agudelo-Martínez & Rodríguez-Forero 2017: 73. 
Isostichopus sp. aff. badionotus – Agudelo-Martínez & Rodríguez-Forero 2017: 6, fi gs 3–4. — Arias-

Hernández et al. 2017: 278–289. — Fontalvo-Martínez & Rodríguez 2017: 95. — Medina-Lambrano 
et al. 2017: 175. 

Isostichopus isabellae n. sp. – Vergara et al. 2018: 40, fi g. 4. Not an available name.
Isostichopus maculatus phoenius – Borrero-Pérez et al. 2022: 180, 186. 
Isostichopus sp. ‘phoenius’ – Purcell et al. 2023: 148–149.

Original name
Stichopus badionotus var. phoenius Clark, 1922.

Current status
Isostichopus maculatus phoenius (Clark, 1922).

Name-bearing type
Holotype MCZ HOL-1182.

Type locality
Buccoo Reef, Tobago.

Diagnosis
Small dark spots surrounded by a clear halo and a dark thin line on white blotches on the background; 
semi-translucent and rugose body wall (Figs 1K–Y, 17–18); mtDNA divergence from other species 
of the genus > 7.7% in COI-Fr1 (barcoding region), > 10.1% in COI-Fr2 and > 7.9% in 16S; between 
subspecies 1.4%, 1,9% and 0.4%, respectively (Table 2). 
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Material examined
Holotype

TRINIDAD AND TOBAGO • spec. uniform color pattern (L = 135 mm); Tobago, Buccoo Reef; 
11.179396° N, 60.811479° W; 5 Apr. 1916; J. Mills leg.; living under or among rocks; MCZ HOL-1182.

Other material
GULF OF MEXICO – USA • 1 spec. (contracted); Texas, Stetson Bank; 28.17° N, 94.28° W; 28 Jun. 
2005; depth 22 m; M. Wicksten leg.; USNM 1080469 • 1 spec. (L = 120 mm); Texas, Stetson Bank; 
24 Oct. 1971; J. Teerlings leg.; USNM 1096856 • 1 spec. (L = 135 mm); Texas, North Padre Island; 
26.82° N, 97.32° W; T. Shirley leg.; USNM E17227 • 2 specs (L = 95–195 mm); Florida, Tortugas, Bird 
Key; 24.6185° N, 82.8854° W; Jun. 1917; H. Lyman Clark, Carnegie Expedition exped.; MCZ HOL-
1213. – Mexico • 2 specs; Veracruz, Bajos de Tuxpan, off Tuxpan; 21 Apr. 1994; J.D. Aghub leg.; ICML-
UNAM 5.14.11 • 2 specs; Veracruz, Isla Sacrifi cios; 26 Jan. 1962; E. Caballero leg.; ICML-UNAM 
5.14.28 • 2 specs; same locality as for preceding;  24 Jan. 1957; M.E. Caso leg.; ICML-UNAM 5.14.30 
• 1 spec.; same locality as for preceding; 26 Jan. 1957; ICML-UNAM 5.14.34 • 1 spec.; Veracruz, Isla 
Sacrifi cios; 19.1749361° N, 96.09303056° W; 14 May 1997; depth 3 m; A. Medina leg.; rocky bottom; 
ICML-UNAM 18302 • 1 spec.; Veracruz, Isla Lobos; 21.4541667° N, 97.22500001° W; 14 Jun. 1976; 
depth 3 m; Acropora reef; ICML-UNAM 11459 • 1 spec.; Veracruz, Isla de Enmedio, Anton Lizardo; 
19.1144444° N, 95.93583333° W; 5 Apr. 2005; depth 1–2 m; F. Solís-Marín leg.; on sandy bottom; 
ICML-UNAM 18303.

CARIBBEAN SEA – Belize • 2 specs (L = 120–180 mm); Coco-Plum Key, edge of mangrove swamp; 
16.877841° N, 88.120048° W; 2 May 1972; R. Larson leg.; USNM E18639. – Panama • 1 spec. (L = 
130 mm); Bocas del Toro, Cayo Adriana; 9.2405278° N, 82.1734167° W; 30 May 2013; depth 5 m; 
G. Borrero-Pérez and A. Castillo leg.; mixed bottom of sand, sponges and corals, IpBT5; USNM 
1659468 • 1 spec. (L = 135 mm); same data as for preceding; IpBT7; MBMLP-IpBT7 • 1 spec. (L = 
170 mm); same data as for preceding; IpBT21; USNM 1659473 • 1 spec. (L = 140 mm); same data as 
for preceding; IpBT22; USNM 1659474 • 1 spec. (L = 138 mm); same data as for preceding; IpBT23; 
USNM 1659475 • 1 spec. (L = 170 mm); same data as for preceding; IpBT25; USNM 1659476 • 1 spec. 
(L = 160 mm); same data as for preceding; IpBT43; USNM 1659477 • 1 spec. (L = 150 mm); same 
data as for preceding; IpBT44; USNM 1659478 • 1 spec. (L = 185 mm); same data as for preceding; 
IpBT53; USNM 1659479 • 1 spec. (L = 150 mm); same data as for preceding except 31 May 2013; on 
mixed bottom of sand, sponges and corals, completely hidden in a crevice between sponges, IpBT26; 
TpBT0026 • 1 spec. (L = 160 mm); same data as for preceding; MBMLP IpBT27 • 4 specs (L = 
135–180 mm); same data as for preceding; Ip8, 24, 28, 29 BT; TpBT0008, TpBT0024, TpBT0028, 
TpBT0029 • 1 spec. (L = 130 mm); Bocas del Toro, STRI research station; 9.3488611° N, 82.2585° W; 
4 Jun. 2013; depth 5 m; G. Borrero-Pérez leg.; mixed bottom of sand, corals and isolated seagrass, 
exposed, between coral colonies, IpBT131; USNM 1659469 • 1 spec. (L = 130 mm); Bocas del Toro, 
Popa Island Cay; 9.2495° N, 82.1815279° W; 6 Jun. 2013; depth 7 m; G. Borrero-Pérez and A. Castillo 
leg.; mixed bottom of sand, corals and sponges at the reef fringe, completely hidden, under a loose 
coral head and among rubble coral, IpBT190; USNM 1659470 • 1 spec. (L = 140 mm); Bocas del Toro, 
near Popa Island Cay; 9.2541944° N, 82.1829444° W; 6 Jun. 2013; depth 2 m; G. Borrero-Pérez and 
A. Castillo leg.; mixed bottom dominated by Porites porites, with isolated seagrasses, octocorals and 
sponges, exposed, IpBT191; USNM 1659471 • 1 spec. (L = 125 mm); same data as for preceding; depth 
3 m; IpBT192; USNM 1659472 • 1 spec.; Galeta; 9.4018444° N, 79.86053056° W; 15 Dec. 2015; depth 
2 m; G. Borrero-Pérez leg.; mixed bottom of rocky, corals and isolated seagrass, exposed, IpGa8; Tiss-
IpGa8 • 1 spec.; same data as for preceding; IpGa11; Tiss-IpGa11 • 1 spec.; same data as preceding, 
IpGa209; Tiss-IpGa209 • 1 spec. (L = 100 mm); Galeta; 9.4018444° N, 79.86053056° W; 17 Sep. 
2016; depth 3 m; G. Borrero-Pérez leg.; mixed bottom of corals and rocks, exposed but camoufl aged 
between Porites porites, IpGa269; Tiss-IpGa269 • 1 spec. (L = 158 mm); same data as for preceding; 
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depth 1 m; A. Calderón leg.; completely hidden inside rocks, IpGa223; USNM 1659480 • 1 spec. (L = 
90 mm); same data as for preceding; IpGa224; USNM 1659481. – Colombia • 1 spec. (L = 120 mm); 
Magdalena, Banco de las Ánimas; 11.0397778° N, 74.39919445° W; 1 Dec. 2013; depth 15 m; 
G. Borrero-Pérez and N. Ardila leg.; rocky bottom, anterior part exposed, IpBA313; INV EQU4144 • 
1 spec. (L = 130 mm); same data as for preceding; IpBA314; INV EQU4146 • 1 spec. (L = 140 mm); 
same data as for preceding; rocky bottom, partially exposed within crevices between rocks, concealed 
by spines of Diadema antillarum, IpBA315; INV EQU4147 • 1 spec.; same data as for preceding; depth 
4.5 m; IpBA319; INV TEJ1336 • 1 spec. (L = 25 mm); Magdalena, Bahía del Rodadero; 11.2070556° N, 
74.2303916° W; 23 Jul. 2017; depth 1 m; G. Borrero leg.; hidden under a rock in a mixed bottom of 
sediment and small rocks, IpRod; INV EQU4565 • 1 spec. (L = 125 mm); La Guajira, El Pájaro-Tawaya; 
11.7308333° N, 72.70436111° W; 9 Sep. 2013; depth 4.5 m; E. Ortíz and J. López leg., IpGV82; INV 
TEJ1257 • 1 spec. (L = 100 mm); same data as for preceding; IpGV83; INV TEJ1258 • 1 spec. (L = 
125 mm); same data as for preceding; IpGV84; INV TEJ1259 • 1 spec. (L = 160 mm); same data as for 
preceding; IpGV86; INV TEJ1261 • 1 spec. (L = 170 mm); same data as for preceding; IpGV90; INV 
TEJ1265 • 1 spec. (L = 120 mm); same data as for preceding; IpGV108; INV TEJ1269 • 1 spec. (L = 
180 mm); same data as for preceding; IpGV117; INV TEJ1272 • 1 spec.; La Guajira, Cabo de la Vela; 
12.2086422° N, 72.1674894° W; 28 Oct. 2011; depth 2 m; G. Borrero-Pérez and C. Díaz leg., IpGV1; 
INV-TEJ1113 • 1 spec.; same data as for preceding; IpGV3; INV-TEJ1115. – Trinidad and Tobago • 
4 specs (L = 90–115 mm); Tobago, Buccoo Bay; 11.177882° N, 60.811479° W; Apr. 1916; J. Mills leg.; 
MCZ HOL-1181. – Jamaica • 1 spec. (L = 120 mm); Kingston Harbor, Port Royal, Drunken Man’s 
Cay; 17.905085° N, 76.845067° W; 3 Sep. 1959; H. Lyman Clark leg.; MCZ HOL-4282. – Antigua 
and Barbuda • 2 specs (L = 90–120 mm); Antigua Island, English Harbor; 1 Jul. 1918; C. Nutting leg.; 
USNM 1283367 • 1 spec. (L = 170 mm); Antigua Island, Falmouth Bay; 17° N, 61.7667° W; 1918; 
J. Henderson leg.; USNM E41458.

Description
EXTERNAL APPEARANCE. Medium sized species, preserved and live ex situ specimens examined range 
from 25 to 260 mm in length (n = 68, holotype: 130 mm long and 40 mm wide). Body loaf-like, length/
width ratio 3.7 ± 0.8 (n = 38, 3.2–5.5, holotype 3.2). Rounded posteriorly and anteriorly (Fig. 15A), 
quadrangular in cross section (Figs 17–18). Live specimens also tapering slightly posteriorly and 
widened anteriorly when the animal is relaxed (Fig. 17E, O), or when it is coming out of its crevice, 
especially when only the anterior part of the body is exposed (Fig. 18O). Body wall fi rm and thick (0.5 
to 4 mm thick in the holotype). Anus supra-terminal, circular and surrounded by large papillae. Mouth 
directed ventrally in live and preserved animals, encircled by a collar of large papillae (2–4 mm long 
in the holotype). Large peltate tentacles 20, about 7–9 mm long, 6 mm shield width, with indentations 
0.5–3 mm deep. Dorsal papillae medium to large, conical, and spiky (although some of them somewhat 
rounded) ending in a sharply pointed tip (5 to 10 mm high; 5 to 8 mm wide); some smaller papillae 
rounded and scattered irregularly; most of the largest dorsal papillae arranged in two dorsal irregular 
rows along each edge, defi ning the quadrangular shape. Holotype covered with medium size conical 
papillae (up to 4 mm high and 5 mm wide at the base), most of them fl attened and not very conspicuous. 
Lateral papillae large and spiky, sharply defi ning the dorsal and ventral surface (Figs 17–18); in the 
holotype they are larger than dorsal ones (up to 5 mm high and 5 mm wide at the base) (Fig. 15A). 
Ventral surface covered with cylindrical, large pedicels (2–4 mm long and 0.5 mm wide in the holotype) 
arranged in three longitudinal rows (Fig. 15A).

COLOR AND BODY WALL APPEARANCE. Living specimens are semi translucent and appearing slightly rugose 
(Figs 1K–Y, 17–18). Color extremely variable; four main color patterns (Figs 1, 17–18). The fi rst three 
patterns are similar to those of I. maculatus maculatus, with some variations in the second (DW) and 
third (LDS), with regard mostly to the white spots as white granules: (1) Uniform pattern (U) (Fig. 1K–
L): uniform brown, green, or red. Specimens of this uniform color are rare; in most cases at least a 
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very small white blotch is present. (2) Dark and white color pattern (DW) (Fig. 1M–T): red, orange, or 
brown background with white irregular blotches of different shapes and sizes, arranged in longitudinal 
or transversal orientations; usually with a dark line surrounding the white blotches, or with only a line 
in very small blotches. Blotches markedly or gently rugose, with small dark spots surrounded by a 
clear halo and a dark thin line; larger spots occasionally inside the white blotches. Ventral surface with 
a margin at the outer edge of the same color background as the dorsal side. Middle area sometimes of 
almost uniform color or sometimes off-white with small spots and scattered or abundant brown blotches, 
or some of the same color as the margin. (3) Light and sharp dark color pattern (LSD) (Fig. 1U–W): 
lighter background in brown, beige, white, pink, and sharp darker irregular blotches in brown or brown-
orange, of different size and irregularly arranged. Lighter background area markedly or gently rugose, 
with or without small dark spots surrounded by a clear halo and a dark thin line. Ventral surface off-white 
with scattered or abundant small brown spots and blotches, without margin at the outer edge. (4) Light 
and blurry dark pattern (LBD) (Fig. 1X–Y): similar to the LSD pattern, but with lighter background 
in brown, white, pink colors and blurry darker irregular blotches in brown or brown-orange color of 
different size and irregularly arranged. Spiral lines in the papillae more conspicuous than those in 
I. maculatus maculatus. Spiral lines in dorsal and lateral papillae in the four described patterns, although 
more conspicuous in the patterns 3 (LSD) and 4 (LBD). Sharply pointed tips of the papillae white, 
light yellow, or lighter than the base. Collar papillae usually white translucent, with the spiral lines 
very marked in a dark color. Tentacles and pedicels white to light yellow-brown. Specimens preserved 
in alcohol lighter than live ones but with white blotches with the small dark spots of patterns 2 (DW), 
3 (LSD) and 4 (LBD) persisting (Fig. 15C–G). According to Clark (1922), the live holotype was semi 
translucent with the entire back and sides bright carmine-red (Uniform pattern), the tentacles, pedicels, 
and median ventral surface gray. Preserved dorsal coloration of the holotype light yellow-brown. Body 
wall somewhat translucent and rugose. Some of the largest papillae with a spiral line from the base to the 
tip; tentacles, ventral surface, and pedicels of the same color as the dorsal side; some darker small stains 
among the pedicels on the ventral side; tips of the pedicels darker than the tube (Fig. 15A). Juveniles 
semi translucent and appearing slightly rugose; color pattern in juveniles (40–50 mm) the same as in 
adults; the spiral lines in dorsal and lateral papillae present (Fig. 17D, B’–C’).

INTERNAL ANATOMY (Based on MCZ HOL-1182 (holotype), USNM 1659481, USNM 1659476, USNM 
1659479, specimens 90–190 mm). Calcareous ring of the holotype stout, 13 mm in diameter; radial 
elements almost as wide as long (5 mm wide and 6 mm long) with four anterior small lobes; posterior 
projections 2 mm long in the dorsal radial plates; middle ventral radial plates without posterior projections; 
interradial plates 3 mm wide and 3 mm long, pointed anteriorly and with a concave posterior margin. 
Proportion of radial plates in other examined specimens similar to the holotype (L = 90 mm: 2.9 mm 
wide, 3.3. mm long; L = 190 mm: 6 mm wide, 7 mm long); posterior projections proportionally equal 
to radial plate size during growth; interradial plates stouter in large specimens (L = 90 mm: 2 mm wide, 
1.4 mm long; L = 190 mm: 3 mm wide, 4 mm long) (Fig. 4B). Holotype stone canal irregularly helical, 
about 10 mm long, including the fl at madreporite, leaf-like 2.5 mm long, attached to the mesentery; stone 
canal variable in size not related to body size (L = 90 mm: 8 mm; L = 130 mm: 10 mm; L = 160 mm: 
14; L = 185 mm: 12 mm). Tentacle ampullae in the holotype 16–18 mm long by 1–1.5 mm wide, and 
4.5 mm long in the smallest specimen (L = 90 mm). One sac-like Polian vesicle in the holotype 14 mm 
long by 5.5 mm wide, and 13 mm in the other specimens (L = 160 mm and 185 mm). Gonads in two 
tufts, one on either side of dorsal mesentery, branched in cylindrical tubes about 0.5 mm or less wide, not 
very bulky, extending 16 mm left and 12 mm right along the length of the body, fi lled with male gametes 
in the holotype (Fig. 11B). Gonads present in examined specimens 130 mm and 190 mm long, but absent 
in the smallest (L = 90 mm). In the holotype, longitudinal muscles divided, about 4 mm wide, attached 
to body wall medially and laterally every 2 mm. Specimen L = 90 mm longitudinal muscles 3 mm wide; 
and L = 195 mm 10 mm wide. Respiratory trees in the holotype inserted near the anterior cloaca with a 
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Fig. 15. Preserved specimens of Isostichopus maculatus phoenius (Clark, 1922). A. Dorsal and ventral 
view of the holotype from Buccoo Reef, Tobago (MCZ HOL-1182, 135 mm long). B. Holotype ossicles 
from dorsal papillae showing tables, thin C-shaped rods, worm-like rods, large, curved rods and 
perforated plates. C. Specimen from Antigua (USNM 1283367), dorsal and ventral view. D. Specimen 
from Antigua (MCZ HOL-4282), dorsal and ventral view. E. Specimen from Coco-Plum Key, Belize 
(USNM E18639), dorsal view. F. Specimen from Texas, Stetson Bank, USA (USNM 1080469), dorsal 
view. G. Specimens from Buccoo Reef, Tobago (MCZ HOL-1181; same locality as the holotype), dorsal 
view. Photos by G. Borrero. Scale bars: A = 10 mm; B = 100 μm; C–E, G = 20 mm; F = 10 mm.
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Fig. 16. Isostichopus maculatus phoenius (Clark, 1922) ossicles (specimen USNM 1659477-BT43, 
160 mm long). A. Thin C-shaped rods, tables, worm-like rods, perforated plates and large, curved rods 
from papillae and dorsal body wall. B. Thin C-shaped rods, tables, perforated plates, large, curved rods 
and end plate (not complete, broken at the outer edge) from ventral body wall and tube feet. C. C-shaped 
rods, simple rods and tables from tentacles. D. Large tables from mouth membrane. E. Thin C-shaped 
rods and simple rods from longitudinal muscles. F. Simple and bifurcated rods in a cross shape in the 
cloaca. G. Tables from respiratory trees. H. Cross-shaped rods from intestine. I. Simple rods from 
gonads. Photos by G. Borrero.
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common stem of 15 mm; right tree about 55 mm long and left 65 mm long, extending in association with 
the intestine; in other specimens, right tree also usually shorter than the left.

OSSICLES (based on MCZ HOL-1182 (holotype), USNM 1659481, USNM  1659472, USNM 1659476, 
USNM 1659479, INV EQU4565 (juvenile, for dorsal papillae), USNM 1659477 (SEM images), 
specimens 25–190 mm).

Dorsal papillae with tables, thin C- and S-shaped rods, perforated plates, large, curved rods and worm-like 
rods (Fig. 16A). Perforated plates and worm-shaped rods not found in the 25 mm specimen. Numerous 
few thin C-shaped rods, and rare S-shaped rods, 45–98 μm (x̄ = 71 μm), usually in the papillae, especially 
towards the tip, varying in abundance in the same specimen. The length of C-shaped rods increasing in 
relation to body length in specimens from 25 mm to 190 mm long (Fig. 9A). Numerous table ossicles 
31–78 (x̄ = 52) μm high and 39–84 (x̄ = 64) μm across disc (holotype 35–53 μm high; 39–51 μm 
across the disc); juveniles 31–46 (x̄ = 38) μm high. Spires composed of four usually parallel pillars, 
or slightly constricted medially, distally, or proximally to the disc; pillars ending in triplets of blunt 
spines forming a wide crown; many minute spines in the 25 mm long specimen, with one crossbeam 
connecting adjacent pillars. Disc margins smooth and wide; with one rounded central perforation and 
8 to 12 peripheral holes, usually arranged in one simple ring; tables near the top with 4 to 10 extra 
perforations arranged in more than one ring. Tables at top of the papillae larger, more square, with a 
wider disc, and with more perforations than those in the base of the papillae; those of the base similar 
to those of the body wall (Fig. 10B). Changes of table shape during growth not remarkable, but size of 
C-shaped rods and height of tables increasing in relation to body length (Figs 9A–B, 10B); disc diameter 
of tables without substantial change during growth (Figs 9C, 10B). Few perforated plates, located in the 
papilla tip, with large and few perforations, larger in the center of the plate, 72–158 μm across, absent 
in 20 mm juveniles, and rare in other small specimens. Slightly or strongly curved rods usually with 
quadrangular projections distributed mostly in the middle, occasionally perforated, 150–377 μm long, 
increasing in size in relation to the body length (Fig. 16A). Numerous small slightly or strongly spinous 
worm-shaped rods 78–197 μm long, without substantial change in size during growth (Figs 15B, 16A). 

Dorsal body wall only with tables and few C-shaped ossicles 45–68 μm long, found only in the holotype 
and in one of the examined specimens (L = 125 mm) (Figs 10B, 16A). Numerous tables similar to those 
from papillae but smaller in size 30–58 (x̄ = 44) μm high and 31–74 (x̄ = 49) μm across the disc, with 
regular discs with one ring of 8–10 holes. In the holotype tables 35–47 μm high and 31–41 μm across 
disc, usually with 9–12 perforations arranged in one simple ring.

Pedicels with tables, thin C-shaped rods, perforated plates, large and curved rods, and end plate 
(Fig. 16B). A few C-shaped rods 79–98 (x̄ = 87) μm long. Numerous table ossicles 27–47 (x̄ = 36) μm 
high and 27–71 (x̄ = 53) μm across the disc (holotype 29–40 μm high; 39–59 μm across the disc); shape 
of tables similar to those from the dorsal papillae and body wall, central perforation usually bigger and 
not rounded, with four points that interrupt the simple ring of holes on the disc. Tables with the same 
pattern during growth as dorsal papillae; height of tables increasing with body length (table height L = 
25 mm: 27–39 μm; L = 170 mm: 38–47 μm); disc diameter not notably changing with body size (disc 
diameter L = 25 mm: 47–71 μm; L = 170 mm: 52–67 μm). Numerous elongated perforated plates, with 
numerous perforations larger and elongated in the center of the plate, 171–392 μm long; slightly curved 
rods 207–467 μm long, usually with wide perforated expansions in the middle; end plates 372–602 μm 
across, increasing in size during growth (Fig. 16B). 

Ventral body wall in holotype with numerous tables similar to those from pedicels (32–40 μm high; 
35–58 μm across disc) and a few thin C-shaped rods (78–79 μm long).
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Tentacles with tables and rods (Fig. 16C). A few table ossicles 36–70 μm across disc (holotype 36–
46 μm); spire low, composed of four pillars, some of them incomplete, only two or three joined at 
the top, without crossbeams connecting adjacent pillars; discs with a large and not rounded central 
perforation, with four points and usually no more than four peripheral perforations with margins smooth 
and thin. Numerous strongly and slightly curved spiny rods 34–722 μm long (holotype 34 to 294 μm), 
increasing in size during growth.

Mouth membrane with tables, C-shaped ossicles, and simple rods (Figs 11B, 16D). Numerous large 
tables 70–102 μm high and 68–160 μm across disc (holotype 85–87 μm high; 100–160 μm across disc); 
spire well developed, composed of at least ten pillars, that are joined at the top, forming a very dense 
crown of spines, without distinguishable crossbeams connecting adjacent pillars; spire is fl at. Table discs 
with many peripheral perforations arranged in two or three rings; margins spinous and thin, sometimes 
reduced to the same width as the spire. Flat table spires in all specimens from Panama, taller spires 
in specimens from other localities in the Caribbean. Some C-shaped rods 48–106 μm long (holotype 
42–65 μm), and small rods 48–107 μm long in some specimens (holotype 58–107 μm). 

Longitudinal muscles with thin C-shaped rods 28–53 μm long (holotype rods 30 μm) and small rods 
ranging from 37 to 93 μm in length (holotype 37–56 μm) (Fig. 16E). Posterior cloaca with numerous 
simple or bifurcated rods in 71–195 μm long (holotype 145–195 μm); some C-shaped ossicles 38–
84 μm long (holotype 38–52 μm). Anterior cloaca with large and complex tables 106–179 μm high and 
73–244 μm across disc (holotype 71–113 μm high; 113–176 μm across disc) (Fig. 11B); in the holotype 
irregular plate-li ke branched rods, 133–201 μm across (Figs 11B, 16F). Respiratory trees with a few small 
tables, similar in shape to those of the dorsal body wall, 43–51 μm high and across the disc (holotype 
43 μm high; 44 μm across the disc); few rods 54–229 μm long in some specimens (holotype 54–111 μm) 
(Fig. 16G). Intestine with spinose or smooth rods in a cross shape 50–122 μm long, sometimes with 
bifurcated ends (holotype 75–113 μm) (Fig. 16H). Gonads with delicate and long rods 187–364 μm long 
(holotype 187–262 μm) (Figs 11B, 16I); rods in gonads present even in the smallest specimen examined 
(L = 125 mm); a few small tables 48 μm high and 43 μm across disc in the holotype.

Distribution
Isostichopus maculatus phoenius is known from the Caribbean Sea and the Gulf of Mexico (Fig. 5A). 
We have collected it from Mexico, Costa Rica, Panama (Bocas del Toro, Galeta, San Blas) and Colombia 
(Banco de las Ánimas, Santa Marta, La Guajira). We also identifi ed it from Museum specimens from the 
Florida Keys (MCZ HOL-1213), North Padre Island, and Stetson Bank, Texas (USNM E17227; USNM 
1080469; USNM 1096856), Belize at Coco Plum Cay (USNM E18639), Jamaica (MCZ HOL-4282), 
Antigua (USNM E41458, USNM 1283367) and Trinidad and Tobago (MCZ HOL-1182, MCZ HOL-
1181). We also identifi ed it from photographs of living specimens from Estado de Sucre, Venezuela 
(Gómez-Maduro y Hernández-Ávila 2011 unpubl. photographs). Isostichopus maculatus phoenius 
appears to be sympatric with I. badionotus in the Caribbean Sea and the Gulf of Mexico, but more 
samples are needed to confi rm the presence of this subspecies at other localities of the West Atlantic. 
Currently, I. maculatus phoenius has not been recorded in South Brazil, where I. badionotus was 
confi rmed by DNA (Table 1). It is not possible to assess the distribution of I. maculatus phoenius from 
the literature, because it has been confused with I. badionotus. It is not easy to identify this subspecies 
from museum specimens either due to the similarity of the ossicles to those of I. badionotus and the loss 
of color in preserved specimens. We have only designated specimens as I. maculatus phoenius from 
the USNM and MCZ collection that could be clearly identifi ed (examples in Fig. 15C–G). Bathymetric 
distribution 0–22 m. Most of the specimens observed in the present study were in shallow habitats, no 
more than 10 m deep. Acosta et al. (2021) found this species (as Isostichopus sp.) in the upper 2.5 m. 
However, museum specimens (USNM 1080469) have been collected from 22 m (Fig. 15F).



European Journal of Taxonomy 949: 1–96 (2024)

58

Habitat
Isostichopus maculatus phoenius can be quite abundant, although, because of its cryptic habits and 
because its ossicles resemble those of I. badionotus, it has been overlooked for many years. Clark 
(1922) described the habitat of the holotype (MCZ HOL-1182, as S. badionotus var. phoenius) living 
under or among rocks, as were the four specimens from MCZ HOL-1181, collected along with the red 
holotype. Clark (1922) assigned these four specimens as subadults of I. badionotus and suggested that 
semi-translucent subadults of I. badionous (length less than 150 mm) with a distinctive coloration (often 
marked with a dark spiral line that runs from the base to tip of dorsal and lateral papillae) are common 
under rocks, or in crevices. However, in the light of the present results, the dark spiral line and the 
habitat indicate that they were I. maculatus phoenius. Isostichopus maculatus phoenius is smaller than 
I. badionotus and prefers a more cryptic habitat. Its activity is nocturnal. Our observations from Colombia 
and Panama showed that juveniles and adult individuals of I. maculatus phoenius remain completely 
hidden during the day under rocks or coral heads, or in cracks (Figs 17–18). Acosta et al. (2021) in Santa 
Marta (Colombia) found 98% of individuals of I. maculatus phoenius (as Isostichopus sp.) on rocky 
bottoms between cracks (upper 2.5 m depth), while 73% of individuals of I. badionotus were collected 
on sandy bottoms (3–7.8 m). Diurnal observations, between 9:00 am and 12:00 pm, at Punta Galeta 
(Panama) showed that I. maculatus phoenius can be exposed for approximately one hour, then they 
became completely hidden. During the observations, some individuals exposed only the anterior part of 
their body to feed (Fig. 18O), and only a few were found fully exposed during the day. Frequently during 
the time of exposure, they were partially hidden by the spines of Diadema antillarum (Philippi, 1845) 
(Fig. 18J, M–N). Some individuals, partially or completely exposed, seemed to be rubbing their mouths 
against the rocks and the leaves of Thalassia testudinum, or scraping on them. Observations made 
between 5:00 and 6:00 pm at some localities in the Caribbean showed that specimens of I. maculatus 
phoenius, previously unnoticed during the day, start to appear. Observation during the night showed 
individuals completely exposed on top of sponges (Fig. 18P). Purcell et al. (2023) stated that after 
reaching 15–20 cm in length, individuals can become less cryptic and can live on open sand fl ats, but 
this is a mistake.

Remarks
Stichopus badionotus var. phoen ius was described as a variety of Stichopus badionotus on the basis 
of the bright-carmine red color on the dorsal side of one specimen collected in Bucco Reef, Tobago. 
Clark (1922) designated this specimen as the holotype (MCZ HOL-1182) (still preserved in very good 
condition (Fig. 15A)) and described the external morphology, ossicles, and the habitat of the type 
locality (Clark 1922: 59–60), and explained the etymology. Despite the distinctive color pattern of the 
holotype of I. maculatus phoenius, which is “a most unusual shade in a shallow-water holothurian” 
(Clark 1922), and despite the marked spiral lines in the papillae, I maculatus phoenius has remained 
unnoticed in holothurian research in the West Atlantic, perhaps because of the great color variability 
of both I. maculatus phoenius and I. badionotus. Since Clark (1922), S. badionotus var. phoenius was 
mentioned only by Deichmann (1930) and Clark (1933). 

The coloration of the holotype corresponds to the fi rst Uniform color pattern described in the present 
study. The semi translucent appearance, the habitat, and the worm-shaped rods in the dorsal papillae 
of other specimens of all color patterns are similar to the holotype. Our analyses revealed signifi cant 
molecular, morphological and habitat differences from the sympatric species I. badionotus. The analyses 
also revealed signifi cant morphological differences, such as ossicle shape and body coloration, from 
I. maculatus from the East Atlantic. However, because the molecular phylogeny shows DNA sequences 
of I. maculatus maculatus as nested in sequences of I. maculatus phoenius the latter is considered 
as a subspecies of I. maculatus. We propose that I. badionotus var. phoenius is elevated to the sub-
specifi c rank, as this is an available subspecifi c name (Articles 10.2 and 45.6.4 ICZN Code 1999). 
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Fig. 17. Color patterns and morphological variation of Isostichopus maculatus phoenius (Clark, 1922) 
(DNA sequences and detailed information of some specimens are indicated in Table 1, see Photo ID 
column for correspondence). A–C, M, B’. Specimens with “Uniform” pattern from Bocas del Toro, 
Panamá (A–B, M); La Guajira, Colombia (C) and juvenile from Neguanje, Colombia (B’). D–L, 
N–R. Specimens with “Dark and White” pattern, juvenile from Neguanje, Colombia (D), Bocas del 
Toro, Panamá (E–I, N–O, R); La Guajira, Colombia (J–L, P–Q). S–T, X–Z, A’. Specimens with “Light 
and sharp dark” pattern Galeta, Panama (S), Bocas del Toro, Panamá (T, A’), La Guajira, Colombia 
(X–Y), Magdalena, Colombia (Z). U, V–W, C’. Specimens with “Light and blurry dark” pattern from 
Galeta, Panama (U), Banco de las Animas, Colombia (V–W), juvenile from Rodadero, Colombia (C’). 
Photos: A–B, E–I, M–O, R–U, A’, C’ by G. Borrero; C by C. Díaz; J–L, P–Q, X–Y by E. Ortiz; V–W by 
N. Ardila; D, B’ by G. Ospina; Z by J.F. Lazarus. Scale bars = 10 mm.
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Fig. 18. In situ photographs of Isostichopus maculatus phoenius (Clark, 1922), showing the habitat of 
the species. A–I, L, P. Specimens from Bocas del Toro, Panama (L, the specimen was under the coral 
head; P, during the night). K, M–O. Galeta, Panama. J. Banco de las Ánimas, Colombia. Q–T. Mexico. 
Photos: B–D, F–G, P by A. Castillo; Q–T by F. Solís-Marín; J by N. Ardila; A, H–I, K–O by G. Borrero.



BORRERO-PÉREZ G.H. et al., Revision of the genus Isostichopus (Holothuroidea)

61

Isostichopus maculatus phoenius is extremely variable in coloration. Clark (1922) considered the 
individuals with the LSD color pattern described here as I. badionotus subadults (MCZ HOL-1181, 
Fig. 15G). However, spiral lines in papillae are one of the diagnostic characters of both I. maculatus 
maculatus and I. maculatus phoenius (Fig. 1K–H’). These spiral lines are also present in juveniles of 
I. maculatus phoenius (Fig. 17D, B’–C’). The characters diagnostic between the two subspecies are the 
small dark spots surrounded by a clear halo, the dark thin line, and the semi-translucent and wrinkled 
skin in I. maculatus phoenius (Fig. 1K–Y). This color characteristic was the most useful character in 
identifying museum material (Fig. 15C–G). Some specimens, such as USNM 1080469 with almost a 
uniform color pattern, possess small brown spots (Fig. 15F), allowing certain identifi cation. In contrast 
to I. maculatus phoenius, I. maculatus maculatus is characterized by white spot like granules on the 
opaque and smooth skin, as mentioned by Greeff (1882) in the original description (Fig. 1Z–H’). In 
addition to spiral lines, worm-like rod ossicles found in the dorsal and lateral papillae of I. maculatus 
phoenius are a shared character between the two subspecies, although less common in I. maculatus 
maculatus. They were reported by Cherbonnier (1975: 633, fi g. 2o) as “rare imperforate rods”. Worm-
like rod ossicles can be useful in distinguishing I. maculatus phoenius from I. badionotus. These rods 
were observed in specimens from Colombia and Panama, and although uncommon in some specimens, 
they were abundantly present in the holotype (Fig. 15B). 

Examination of dorsal papillae in four specimens (and several that were not measured) of I. maculatus 
phoenius with body lengths 25 to 185 mm long showed that C-shaped ossicle and table height increase 
with body size (Fig. 9A–B). Spines at the crown spires are thick and strong in larger specimens. Contrary 
to I. badionotus, table disc diameter and number of holes remain almost constant through growth in 
I. maculatus phoenius, with only a slight tendency to increase with size (Fig. 9C). Tables in the papillae 
were larger than those in the body wall (Fig. 10B). Juveniles of I. maculatus phoenius are not easy 
to distinguish from those of I. badionotus based on ossicles. The best character is the color pattern, 
especially the spiral lines (Figs 8, 17).

Separate analyses of COI-Fr1 (Barcoding region) and 16S DNA sequences confi rm that Isostichopus sp. 
reported by Wen et al. (2011) and Vergara et al. (2018: Morphotype III, Isostichopus sp., Isostichopus 
isabellae n. sp.) is I. maculatus phoenius, because their sequences in GenBank cluster with ours in 
this subspecies (Fig. 3B, D; Table 1). Sequences of Vergara et al. (2018) of their Morphotype I and II 
of I. badionotus, fall in the same clade as our sequences of I. badionotus (Fig. 3B, D; Table 1). These 
molecular results, in addition to external morphology and coloration shown in several fi gures in various 
published articles, support the fact that several names used previously are also I. maculatus phoenius: 
Stichopus sp. (in Agudelo & Rodríguez 2015); Isostichopus sp. (in Vergara & Rodríguez 2015, 2016; 
Acosta et al. 2020, 2021); Isostichopus sp. aff badionotus (in Agudelo-Martínez & Rodríguez-Forero 
2017; Arias-Hernández et al. 2017); and Isostichopus isabellae n. sp. (in Vergara et al. 2018). In 
addition, GenBank sequences JN207495 and JN207564 reported as I. badionotus by Honey-Escandón 
et al. (2012), actually belong to I. maculatus phoenius (Fig. 3B, D). 

Vergara et al. (2018) presented valuable information about Isostichopus. Their fi gure 4 is useful 
for distinguishing I. maculatus phoenius from I. badionotus, depicting specimens of the “Light and 
sharp dark” color pattern (Vergara et al. 2018: 40, fi g. 4a, c), and “Dark and White” color pattern of 
I. maculatus phoenius (most specimens in Vergara et al. 2018: 40, fi g. 4b, e). However, some aspects 
of the taxonomic names they used, their morphological characterization (especially of ossicles) and the 
habitat information they presented create confusion: (1) they use two different names, Isostichopus sp. 
and Isostichopus isabellae n. sp., for the “new proposed species – Morphotype III”. (2) although they 
mentioned a new proposed species, they also stated that “it is quite possible that the morphotype III 
encountered here represents a described species currently relegated into the synonymy of I. badionotus”. 
(3) Vergara et al.’s fi gures 6e and 6f show a mix of ossicles from tentacles (large and thick unperforated 
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rods) and from pedicels from the ventral body wall (tables, rods, perforated plates and end plate), 
mistakenly describing them as ossicles from dorsal body wall in the fi gure legend.

Biology
Despite the taxonomic confusion, even as to the genus, there is recent information about reproductive 
biology, gametogenesis, spawning and larval development of Isostichopus maculatus phoenius. 
Agudelo & Rodríguez (2015) and Agudelo-Martínez & Rodríguez-Forero (2017) reported natural 
spawning in captivity from July to November during two consecutive years, concluding that I. maculatus 
phoenius has an annual reproductive cycle in Colombia, with a single spawning event during the warmer 
months of the year (July to November), the same cycle as reported for I. badionotus at other locations 
of the Caribbean Sea (Guzmán et al. 2003; Foglietta et al. 2004; Zacarías-Soto et al. 2013; Invemar 
2015). Acosta et al. (2021) confi rmed that both I. maculatus phoenius (named by them Isostichopus sp.) 
and I. badionotus around Santa Marta (Colombia) showed a reproductive season from September to 
November, closely related to the increase in water temperature and rainfall. These authors reported a sex 
ratio of 1:1, similar to I. badionotus. However, they reported that populations of I. maculatus phoenius 
were smaller in the average size and weight (193 ± 52 mm and 178 ± 69 g) and in size and weight at fi rst 
maturity (175 mm and 155 g). Acosta et al. (2021) also reported one hermaphrodite individual in this 
subspecies. Agudelo & Rodríguez (2015) and Agudelo-Martínez & Rodríguez-Forero (2017) were able 
to rear larvae to the doliolaria stage, which was reached 28–30 days after hatching at 26°C. Acosta et al. 
(2020) reported 22 days to the doliolaria and juveniles of 621.8 ± 12.7 μm (± SE) in length 7 days later 
at 26°C, the temperature in which the highest growth rates, and survival were obtained. Measurement of 
the growth of I. maculatus phoenius under different conditions of light and different temperatures (21°C, 
23°C, 25°C), indicated that growth was best promoted by darkness at 23°C for individuals of small size 
and at 25°C for those of medium size (Fontalvo-Martínez & Rodríguez 2017). The histology of the gut 
of I. maculatus phoenius has been described (Vergara & Rodríguez 2015: fi g. 1b, as Isostichopus sp.). 
Density of 0.1 ind/km2 (0.001 ind/ha) has been reported in Magdalena, Colombia (Invemar 2015, as 
Isostichopus sp.).

Conservation status
As a previously unrecognized species that has been overlooked and confused with I. badionotus, 
I. maculatus phoenius has not been included in the IUCN Red List of threatened species. However, 
I. maculatus phoenius is being fi shed together with I. badionotus. Because of its cryptic habits, artisanal 
fi shermen search for it under rocks, or at night. Wen et al. (2011) found DNA sequences of this subspecies 
in commercial food products (frozen and dried) purchased from local retail markets in Guangzhou, 
China (GenBank FJ794474) (Fig. 3B). The species has also been identifi ed in photographs of specimens 
harvested in Colombia (Invemar 2015; G.H. Borrero-Pérez pers. obs.). Recently, the subspecies was 
included in the FAO catalog of commercially important sea cucumbers of the world (Purcell et al. 2023, 
as Isostichopus sp. ‘phoenius’) as a high-value species in Asian dried seafood markets. The average 
price of dried I. maculatus phoenius in Hong Kong is US$ 358 kg-1 (Purcell et al. 2023). Interest to 
include it in fi shery and for aquaculture in Colombia has been mentioned by Rodríguez-Forero et al. 
(2013), Agudelo & Rodríguez (2015), Vergara & Rodríguez (2016), Agudelo-Martínez & Rodríguez-
Forero (2017) and Arias-Hernández et al. (2017). Vergara & Rodríguez (2016) found that the chemical 
composition of the muscle of I. maculatus phoenius (as Isostichopus sp.) was similar to that of freshly 
internationally traded sea cucumbers. Arias-Hernandez et al. (2017) have formulated a dry-salting 
protocol for I. maculatus phoenius (as I. sp. aff. badionotus). Martínez et al. (2016) presented a manual 
for the cultivation and processing of sea cucumbers including I. maculatus phoenius (as Isostichopus sp.). 
As this taxon is traded as I. badionotus, it is subject to the same regulations in fi sheries (Purcell et al. 
2023); however, differences between this species and I. maculatus phoenius in size, habitat and behavior 
show the necessity to treat them as different species to ensure sustainable exploitation.
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Isostichopus fuscus (Ludwig, 1875)
Figs 1I’–O’, 3A–D, 4D, 5B, 9, 10D, 11D, 19–21; Tables 1–3

Stichopus fuscus Ludwig, 1875: 97–98.

Stichopus badionotus – Selenka 1867: 316 (partim). — Clark 1922: 56 (partim).
Stichopus fusus – Théel 1886: 256. Typographic error. 
Stichopus fuscus – Ludwig 1898: 5, pl. 1 fi gs 1–5. — Clark 1910: 350; 1922: 45 (as unidentifi able form). 

— Deichmann 1937: 163; 1938: 363. — Steinbeck & Ricketts 1941: 410.
Isostichopus fuscus – Deichmann 1958: 280–281, pl. 1 fi gs 1–3. — Hickman 1998: 56, appendix a, 

p. 65. — Solís-Marín et al. 2009: 138, fi g. 44. — Borrero-Pérez & Vanegas-González 2022: 329–
334. — Purcell et al. 2023: 144–145.

Original name
Stichopus fuscus Ludwig, 1875.

Current status
Isostichopus fuscus (Ludwig, 1875).

Name-bearing type
Syntype ZMH E.2689.

Type locality
Manchalilla, Ecuador; proposed by Deichmann (1958) instead of Patagonia (probably wrong), as 
Ludwig (1898) reported the species in this locality. 

Diagnosis
Reticulated, uniform chocolate brown, with stains or reddish color in the background with yellowish 
large wart-like dorsal papillae (Figs 1I’–O’, 21); large tables with a circular spi re well developed in the 
cloaca (Figs 11D, 19C, 20F); distributed in the East Pacifi c Ocean (Fig. 5B); mtDNA divergence from 
other species of the genus > 6.1% in COI-Fr1 (barcoding region), > 9.5% in COI-Fr2 and > 5.2% in 16S 
(Table 2).

Material examined
EAST PACIFIC – Mexico • 3 specs, Selenka’s syntype of S. badionotus (L = 180 to 220 mm); Guerrero, 
Acapulco; A. Agassiz, collector number 239 leg.; MCZ HOL-743 • 1 spec. (L = 140 mm); Sonora, 
Pelican Point; 30 Jul. 1969; B. Burch leg.; USNM E21411 • 1 spec. (L = 210 mm); Guerrero, Acapulco; 
4–6 Aug. 1982; Hassler exped.; MCZ HOL-742 • 2 specs (L = 210–230 mm); Oaxaca, Puerto Escondido; 
25–26 Mar. 1940; E.F Ricketts and J Steinbeck leg.; MCZ HOL-2113 • 1 spec.; Guerrero, Zihuanejo 
Bay, Playa Las Gatas; depth 3 m; 14 Oct. 1995; M. Olivares leg.; rocky bottom; ICML-UNAM 5.13.52 
• 1 spec.; Nayarit, Punta Mita, Corral del Mangle; 21.7700583° N, 105.5174277° W; depth 5 m; 29 Jul. 
1995; C. Vizcarra leg.; rocky bottom; ICML-UNAM 5.13.54 • 2 specs; Michoacán, Faro de Bucerías; 
18.3468861° N, 103.5119833° W; depth 4 m; 20 Dec. 1993; J. Mendoza. leg.; rocky bottom; ICML-
UNAM 5.13.55 • 2 specs; Oaxaca, Puerto Angelito; 15.6522222° N, 96.48527777° W; depth 4 m; 25 Jan. 
1995; S. Ramírez leg.; rocky bottom; ICML-UNAM 5.13.63 • 1 spec.; Michoacán, Lázaro Cárdenas 
municipality, Pichilinguillo; 18.0719444° N, 102.76° W; depth 6 m; Dec. 2006; rocky bottom; ICML-
UNAM 5.13.69 • 4 specs; Baja California Sur, west coast of Mexico, Magdalena Bay; 24.5138889° N, 
112.0066666° W; depth 4 m; 18 Oct. 1987; F. Solís-Marín leg.; rocky bottom; ICML-UNAM 5.13.73 • 
1 spec.; Guerrero, Zihuanejo Bay, Playa La Pedregosa Grande; 17.6183333° N, 101.5311111° W; depth 
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5 m; 20 Oct. 1992; J. Vargas leg.; rocky bottom; ICML-UNAM 5.13.77 • 2 specs; Sonora, Laguna de 
Yavaros, La Barra pier; 31 Oct. 1970; Orbe leg.; rocky bottom; ICML-UNAM 5.13.78 • 1 spec.; Colima, 
Manzanillo, Peña Blanca; 4 Oct. 1993; G. Ramírez leg.; ICML-UNAM 5.13.110 • 1 spec.; Colima, 
Revillagigedo Archipelago, Socorro Island; 18.7249167° N, 110.9392222° W; depth 15–17 m; 29 Nov. 
1997; H. Reyes leg.; ICML-UNAM 5.13.115 • 1 spec.; Nayarit, Isla Isabel; 21.8425° N, 105.8861111° W; 
20 Nov. 1997; J. Carballo leg.; rocky bottom; ICML-UNAM 5.13.121 • 1 spec.; Guerrero, Caleta de 
Campos, El Corralón; 18.0697833° N, 102.7438333° W; depth 3 m; 2 Mar. 2010; F. Solís-Marín leg.; 
ICML-UNAM 5.13.126 • 1 spec.; Michoacán, Lázaro Cárdenas municipality, Mexcalhuacán; 18.049° N, 
102.6591666° W; depth 6–11 m; 4 Mar. 2010; F. Solís-Marín leg.; ICML-UNAM 5.13.127 • 1 spec.; 
Colima, Manzanillo, Canal de Tepalces; 19.0047944° N, 104.2572305° W; depth 1 m; 15 Aug. 2010; 
E. Celaya leg.; ICML-UNAM 5.13.128 • 1 spec.; Jalisco, Puerto Vallarta, Majahuitas; 20.5066667° N, 
105.3855° W; depth 15 m; 23 Jan. 2010; F. Solís-Marín leg.; ICML-UNAM 5.13.130. – USA • 1 spec. 
(L = 140 mm); California, San Diego; 4–6 Sep. 1982, 18–22 Aug. 1982; Hassler exped.; MCZ HOL-
758. – Colombia • 1 spec. (L = 180 mm); Chocó, Piedra Bonita; 5.59403° N, 77.5034° W; depth 12 m; 
18 Oct. 2016; G. Borrero-Pérez, Riscales2016 leg.; rocky bottom, among rocks; INV EQU4323 • 1 spec. 
(L = 115 mm); same data as for preceding; INV-EQU4324 • 1 spec.; Chocó, Chicocora; 6.68023° N, 
77.4305° W; depth 12 m; 18 Oct. 2016; G. Borrero-Pérez, Riscales2016 leg.; rocky bottom, among rocks, 
IfRIC154R; INV TEJ1960 • 1 spec. (L = 120 mm); Chocó, Nuqui; 5.5691389° N, 77.52369444° W; depth 
10 m; 18 Sep. 2003; G. Borrero-Pérez, Nuqui2003 leg.; rocky bottom, among rocks; INV EQU2746 • 
1 spec. (L = 40 mm); Chocó, Piedra de Oswaldo; 5.54429° N, 77.51554° W; depth 15 m;19 Apr. 2016; 
J. Vanegas-González, Riscales2016 leg.; rocky bottom, among rocks; INV EQU4229 • 1 spec. (L = 
145 mm); Chocó, Punta Arusí; 5.61111° N, 77.48512° W; depth 6 m; 24 Apr. 2016; J. Vanegas-González, 
Riscales2016 leg.; rocky bottom, among rocks; INV EQU4230 • 1 spec. (L = 130 mm); Chocó, Parguera; 
5.60989° N, 77.50409972° W; depth 15.5 m; 20 Apr. 2016; J. Vanegas-González, Riscales2016 leg.; 
rocky bottom, among rocks; INV EQU4231 • 1 spec. (L = 170 mm); Chocó, Punta Faro; 6.82467° N, 
77.68996° W; depth 12 m; 25 Oct. 2016; G. Borrero-Pérez, Riscales2016 leg.; rocky bottom, among 
rocks; INV EQU4321 • 1 spec. (L = 165 mm); same data as for preceding; INV EQU4322 • 1 spec. (L = 
130 mm); Chocó, Piedra de Rodrigo; 6.78391° N, 77.69358° W; depth 19 m; 26 Oct. 2016; G. Borrero-
Pérez, Riscales2016 leg.; rocky bottom, among rocks; INV EQU4325 • 1 spec.; Malpelo Island; 29 Feb. 
1972; C. Birkeland leg.; USNM E23715. – Panama • 1 spec.; Panama, Taboguilla Island; 8.8005667° N, 
79.52332777° W; depth 10 m; 31 Aug. 2015; H. Lessios and A. Calderón leg.; rocky bottom, hidden 
under rocks; IfTa210; Tiss-IfTa210 • 1 spec. (L = 150 mm); same data as for preceding; IfTa211; USNM 
1659483 • 1 spec. (L = 200 mm); same data as for preceding; 17 Aug. 2015; IfIP322; USNM 1659482 
• 1 spec. (L = 150 mm); same data as for preceding; IfTa213; USNM 1682794 • 1 spec. (L = 155 mm); 
same data as for preceding; If212; MBMLP-If212 • 1 spec.; Gulf of Panama; 7.6666667° N, 78.75° W; 
6 Sep. 1972; ICML-UNAM 5.13.98. – Ecuador • 1 spec. (a piece of tegument); Galapagos Islands, San 
Cristobal Island; depth 15 m; 1 May 1993; P. Humann leg.; USNM 1017480 • 1 spec. (L = 57 mm); 
Galapagos Islands, James Island; 21 Jan. 1938; RV Velero III, Hancock Pacifi c exped.; MCZ HOL-1921 
• 1 spec.; Galapagos Islands, Devil’s Crown; depth 15 m; 17 Aug. 1998; Hickman, Cleveland leg.; 98-
502; UF 9112 • 1 spec.; Galapagos Islands, Champion; 17 Aug. 1998; Hickman, Cleveland leg.; 98-503; 
UF 9651 • 1 spec.; Galapagos Islands, San Cristobal, Kicker Rock; depth 21 m; 5 May 1996; Hickman, 
Cleveland leg.; under rock; 96 19; UF 9672. – Peru • 2 specs; Isla Lobos de Afuera; 6.9666667° S, 
80.75° W; depth 5 m; 10 Jun. 1999; F. Solís-Marín leg.; rocky bottom; ICML-UNAM 5.13.72.

GULF OF CALIFORNIA – Mexico • 1 spec. (L = 210 mm); La Paz, El Mogote; 21–22 Mar. 1940; 
E.F Ricketts and J Steinbeck leg.; MCZ HOL-2115 • 6 specs; Sinaloa, Mazatlán Bay, Isla de Venados; 
23.3980556° N, 106.4722222° W; depth 7 m; 15 Feb. 1979; M.E. Caso. leg.; ICML-UNAM 5.13.23 
• 1 spec.; Baja California Sur, La Paz Bay, Canal San Lázaro, Salvierra wreck; 24.3852778° N, 
110.3008333° W; depth 20 m; 15 Aug. 1996; R. Murillo. leg.; rocky bottom; ICML-UNAM 5.13.56 
• 1 spec.; Baja California Sur, La Paz Bay, Puerto Balandra; 24.3284028° N, 110.3344222° W; depth 
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2 m; 28 Apr. 1969; G. Mendez leg.; rocky bottom; ICML-UNAM 5.13.57 • 1 spec.; Baja California 
Sur, La Paz Bay, Los Islotes; 24.5858333° N, 110.3886111° W; depth 6 m; 20 Mar. 1993; C. Sánchez 
leg.; rocky bottom; ICML-UNAM 5.13.64 • 1 spec.; Baja California Sur, La Paz Bay, Isla Espíritu 
Santo, San Gabriel Bay; 24.4405167° N, 110.3744416° W; depth 3 m; 25 Nov. 1963; M. Beltrán leg.; 
rocky bottom; ICML-UNAM 5.13.67 • 2 specs; Baja California Sur, La Paz Bay, Puerto Balandra; 
24.3283333° N, 110.3341666° W; depth 3 m; 29 Apr. 1969; M.E. Caso leg.; rocky bottom; ICML-
UNAM 5.13.81 • 1 spec.; Sinaloa, Mazatlán Bay, Isla de Lobos; 23.2302778° N, 106.4619444° W; 
17 Nov. 1998; L. Carballo leg.; ICML-UNAM 5.13.122 • 1 spec.; Sonora, San Carlos; 27.0156806° N, 
111.0915° W; 16 Jan. 2010; F. Solís-Marín leg.; ICML-UNAM 5.13.129 • 2 specs; Baja California, 
Bahía de Calamajue; 29.775° N, 114.2333333° W; May 1998; D. Gonzalez leg.; ICML-UNAM 5.13.116 
• 1 spec.; Baja California Sur, South of Isla Santa Catalina; 25.5148333° N, 110.778° W; depth 20–30 m; 
24 Aug. 2008; F. Solís-Marín leg.; rocky bottom; ICML-UNAM 5.13.125.

Description
EXTERNAL APPEARANCE. Medium to large size species up to 280 mm (Solís-Marín et al. 2009), preserved 
specimens examined 40–230 mm long (n = 19). Body loaf-like, length/width ratio 3.0 ± 0.9 (n = 19, 
1.6–5.8). Living specimens convex in cross section, some specimens somewhat quadrangular, rounded 
in both anterior and posterior parts (Fig. 21). Body wall fi rm and 2–7 mm thick (MCZ HOL-743, L = 
220 mm). Anus supra-terminal, circular and surrounded by large papillae. Mouth directed ventrally, 
encircled by a collar of large papillae and 20 peltate tentacles; tentacles 10–12 mm long, shield 9–10 mm 
wide with deep 3–4 mm indentions (MCZ HOL-743, 220 mm). Dorsal papillae large, not variable in 
shape, wart-like, even in small specimens (INV EQU4229, L = 40 mm, 2 mm high and 2.5 wide; MCZ 
HOL-743, L = 220 mm, 2–4 mm high and 4–5 mm wide), irregularly arranged, fewer on the dorso-
lateral side (Figs 19A, 21). Lateral row papillae large and rounded, sharply defi ning the dorsal and 
ventral surface in both juveniles and adults, in living or preserved specimens (Figs 19A, 21). Preserved 
specimens usually with prominent papillae. Ventral surface densely covered with cylindrical pedicels, 
arranged in three longitudinal rows (Fig. 21).

COLOR AND BODY WALL APPEARANCE. Body wall smooth and opaque, nor translucent, nor rugose in live 
and preserved specimens more than 110 mm long (Figs 1, 21). Color highly variable, four main patterns 
recognized (Figs 1, 21): (1) Chocolate brown uniform pattern (BU) (Fig. 1J’): uniform chocolate brown 
and yellow papillae. (2) Chocolate brown and stains pattern (BS) (Fig. 1I’): chocolate brown background 
with clearer stains and yellow papillae. (3) Chocolate brown and reddish pattern (BR) (Fig. 1K’): 
chocolate brown in the dorsal side that gradually changes to reddish in the lateral and ventral sides; some 
small specimens reddish in the entire body. (4) Reticulated pattern (R) (Fig. 1L’–O’): beige or white 
background with a reticulum of darker green or brown, which may also appear as small white or beige 
spots on a darker green or chocolate brown background. Some small specimens of this color. Large, 
rounded, and yellowish papillae are common in the four-color patterns. Larger specimens preserved 
in alcohol retain these color patterns. Dorsal papillae in the preserved specimens brown-yellowish and 
conspicuous. These characteristic dorsal papillae also present in Selenka’s specimens, mostly in the 
posterior part of the body (Fig. 19A). Small juveniles with semi translucent body wall; color in preserved 
juvenile (40 mm long) uniform beige (INV EQU4229, Fig. 21M), the same as that of adults in a live 
juvenile specimen (80 mm long) (Fig. 21N). 

INTERNAL ANATOMY (based on MCZ HOL-743, L = 220 mm). Calcareous ring stout, radial elements 
roughly quadrangular (6 mm wide and 7 mm long), with four anterior small lobes and short posterior 
projections in the dorsal radial plates; three ventral radial plates with shorter posterior projections; 
interradial elements almost as wide as radial elements and half as short (6 mm wide and 3 mm long) 
pointed anteriorly and concave posteriorly (Fig. 4D). Stone canal irregularly helical, about 24 mm long 
including the madreporite of 9 mm, attached to the mesentery, partially calcifi ed, and pointed at the 
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end. Tentacle ampullae about 18–30 mm long and 2 to 2.5 mm wide. One Polian vesicle, about 25 mm 
long by 9 mm wide. Gonads in two tufts, one on either side of dorsal mesentery, branched in cylindrical 
tubes, fi lled with eggs (Fig. 11D). Longitudinal muscles 5–8 mm wide, divided and attached to body 
wall. Respiratory trees inserted near the anterior part of cloaca, a common stem present, divided in a 
right tree and a left shorter one.

OSSICLES (based on MCZ HOL-743, MBMLP-IfTa212, INV EQU4229, INV EQU4324, INV EQU4323 
and USNM 1682794 (SEM images, Fig. 19), specimens 40–220 mm long).

Dorsal papillae with tables, thin C-shaped rods, perforated plates, and large, curved rods (Figs 10D, 20A). 
Perforated plates not found in the 40 mm specimen, only in specimens longer than 115 mm. C-shaped 
deposits, few and rarely S-shaped, ranging from 46 to 109 (x̄ = 71) μm long; usually at the papilla tip, 
sometimes at the papilla base, abundant or scarce even in different samples of tegument of the same 
specimen. No clear pattern in the C-shaped rod length in relation to body length (Fig. 9A). Numerous 
table ossicles 34–65 (x̄ = 50) μm high and 42–95 (x̄ = 63) μm across the disc. Spires composed of four 
pillars usually parallel, ending in triplets of blunt spines forming a wide crown and one crossbeam 
connecting adjacent pillars; in 40 mm long specimen a crown of many minute spines. Disc margins 
smooth and wide; discs with one rounded central perforation and 8 to 12 peripheral holes, usually 
arranged in one simple ring. Tables near the top of the papillae taller and larger, with several extra 

Fig. 19. Preserved specimens of Isostichopus fuscus (Ludwig, 1875) from Acapulco, Mexico and of 
Selenka’s syntype of I. badionotus (Selenka, 1867) (MCZ HOL-743, 160–175 mm long). A. Dorsal 
view of three specimens. B. Ossicles from dorsal papillae. C. Large tables with circular spire from the 
anterior cloaca. Photos by G. Borrero. Scale bars: A = 30 mm; B–C = 100 μm.
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perforations arranged in more than one ring, and more square than those from the body wall (Fig. 10D). 
Changes of tables in size and shape during growth are not pronounced; lower tables in 40 mm specimen 
(34–46 μm high; x̄ = 41) than in larger specimens (41–65 μm high, x̄ = 50) (Figs 9B, 10D); disc tables 
in smaller and larger specimens less wide than in those of middle size (Figs 9C, 10D). Few perforated 
plates, located at the papilla tip, with few large perforations, larger in the center of the plate; plates 
103–151 μm across; slightly or strongly curved rods 192–329 μm long, with quadrangular projections, 
sometimes perforated in the central part of the rod (Fig. 20A).

Dorsal body wall with tables and few C-shaped rods, rarely S-shaped (Figs 10D, 20A). Similar in shape 
to tables at the papillae but narrower and smaller 33–69 (x̄ = 47) μm high and 37–71 (x̄ = 52) μm across 
the disc, with regular discs with one ring of 8–10 holes (Fig. 10D); few C-shaped rods 47–60 μm long, 
present only in some of the specimens.

Pedicels with tables, C-shaped rods, perforated plates, large and curved rods, and end plates (Fig. 20B). 
C-shaped ossicles 57–86 μm long in some specimens. Numerous table ossicles 27–45 (x̄ = 38) μm high 
and 46–76 (x̄ = 56) μm across the disc; shape of the tables similar to those from the dorsal papillae 
and body wall, but with the central perforation usually bigger and not rounded in some tables, 10–13 
peripheral holes in a simple ring, and usually no extra perforations. Numerous elongated perforated 
plates, with many perforations larger and elongated in the center of the plate; plates 207–383 μm long; 
slightly or strongly curved rods 285–483 μm long, usually with perforated central expansions; end plates 
674–678 μm across. 

Ventral body wall with only tables and few C-shaped ossicles.

Tentacles with rods and tables (Fig. 20C). Table ossicles 38–61 μm across disc; spire low, composed of 
four pillars which can be incomplete, without crossbeams connecting adjacent pillars; discs with a large 
and not rounded central perforation with various peripheral holes (5 to 12) arranged in one ring; margins 
usually spinous. Numerous strongly or slightly curved spiny rods 91–654 μm long.

Mouth membrane with C-shaped rods, simple rods, and tables in some specimens (Fig. 11D). C-shaped 
ossicles 42–79 μm long; rods 73–124 μm long; some large tables 123 μm high and 164–230 μm across 
the disc, with well-developed spire, composed of several pillars joined at the top, forming a very dense 
crown of spines, without distinguishable crossbeams connecting adjacent pillars; spire usually fl at. 
Table discs with many peripheral perforations, arranged in several rings with spinous and thin margins, 
sometimes reduced, same width as the spire.

Longitudinal muscles with only C-shaped ossicles 40 to 67 μm long (Fig. 20D). Posterior cloaca with 
C-shaped ossicles, 49–77 μm long and rods 87–191 μm long (Fig. 11D). Anterior cloaca with C-shaped 
ossicles 57 μm long; simple or bifurcated rods 135–234 μm long; large tables and irregular plate-like 
branched rods (Fig. 20E). Large tables with a well-developed spire, composed of several joined pillars; 
discs smooth but with spiny margins, with several central perforations and 26 to 65 or more small peripheral 
holes, arranged in several rings (table disc diameter 122–184 μm, spire width 26–65 μm) (Fig. 11D). 
Large tables with a circular well-developed spire, composed of 5 to 9 pillars, not joining at the top, with at 
least one crossbeam connecting adjacent pillars at the top; lateral edges of the pillars usually with pointed 
projections; discs and margins very spiny, discs having several central elongated perforations and 5 to 48 
or more large peripheral holes, arranged in several rings (discs 90–99 μm high, 121–209 μm across disc, 
59–105 μm spire width) (Figs 11D, 19C, 20F). Perforated plates symmetrically radial similar to table 
discs, without spire, 109–234 μm long (Fig. 11D). Respiratory trees with small tables 55 μm high and 
60 μm across the disc similar to those in the body wall ( Fig. 20G), and with some tables like those having 
circular spires from the anterior cloaca, 104–107 μm across the disc and 67–72 μm spire width. Intestine 
with spinose or smooth deposits in a cross shape 62–148 μm long, sometimes with bifurcated ends, and 



European Journal of Taxonomy 949: 1–96 (2024)

68

Fig. 20. Isostichopus fuscus (Ludwig, 1875) ossicles (specimen USNM 1682794-Ta213, 155 mm long). 
A. Thin C-shaped rods, tables, perforated plates and large, curved rods from dorsal body wall and 
papillae. B. Thin C-shaped rods, tables, perforated plates, large, curved rods and end plate (fragment) 
from ventral body wall and tube feet. C. Rods and tables from tentacles. D. Thin C-shaped rods from 
longitudinal muscles. E. Rods bifurcated from the cloaca. F. Large tables with a circular spire well 
developed in the anterior cloaca. G. Tables from respiratory trees. H. Rods in cross shape, simple rods, 
and C-shaped rods in the intestine. Photos by G. Borrero.



BORRERO-PÉREZ G.H. et al., Revision of the genus Isostichopus (Holothuroidea)

69

some C-shaped ossicles 41–99 μm long (Fig. 20H). Gonads with delicate and long rods 300–405 μm and 
some small tables 51–57 μm high and 54–60 μm across the disc (Fig. 11D).

Distribution
Eastern Tropical Pacifi c from Baja California, Mexico, to Peru, including the Gulf of California, islands 
and rocky reefs, including the Revillagigedos Archipelago and Socorro Island (Mexico), Isla del Coco 
(Costa Rica), Malpelo and Gorgona (Colombia), Galápagos (Ecuador), and Lobos de Afuera Islands 
(Peru) (Deichmann 1958; Maluf 1988; Hooker et al. 2005; Prieto-Ríos 2010; Purcell et al. 2023) 
(Fig. 5B). We examined one specimen (L = 150 mm) collected in the Western Central Pacifi c (Republic 
of the Marshall Islands, Caroline Islands, Pohnpei Island, Ponape) and deposited at the Museum of 
Comparative Zoology (MCZ HOL-786). The specimen was initially identifi ed as Stichopus variegatus 
Semper, 1868 (a currently unaccepted species) but changed to S. fuscus (and even S. badionotus in some 
of the labels). We found that ossicles match those of Isostichopus fuscus, but that the large papillae 
characteristic of I. fuscus were absent. This specimen would extend the geographic distribution of 
I. fuscus to the Central Pacifi c, but more information is required for confi rmation. Purcell et al. (2023: 
145) include the Indo-Pacifi c Cocos (Keeling) Islands (possibly confusing them with Isla del Coco, 
Costa Rica) in the distribution of the species. This, as well as the inclusion of Patagonia in the map of 
the species, clearly appear to be errors (Purcell et al. 2023). Bathymetric distribution: shallow subtidal 
zone to 39 m (Deichmann 1958; Maluf 1988).

Habitat
Isostichopus fuscus is common in rocky bottoms and coralline patches along the coast. Specimens can be 
exposed or semi-hidden. In Baja California, it is found in coral and rocky habitats (Purcell et al. 2023). 
Along the Colombian Pacifi c coast, they were observed inside crevices, between rocks or semi-exposed 
(Borrero-Pérez pers. obs.). In the Galapagos, they prefer rocky bottoms where the seaweed Ulva sp. is 
predominant (Toral-Granda & Martínez 2007) and they are more active at night (Shepherd et al. 2003).

Remarks
Deichmann (1958) clarifi ed the status of I. fuscus by recognizing three specimens of Selenka’s cotypes of 
I. badionotus as I. fuscus (Fig. 19A), proposing Manchalilla, Ecuador, as the type locality, and describing 
the differences between I. badionotus and I. fuscus. Populations of Atlantic I. badionotus and Pacifi c 
I. fuscus have been confi rmed as different species by molecular markers (Byrne et al. 2010). The character 
proposed by Deichmann (1958) to distinguish I. fuscus from I. badionotus was the proportion (profi le) 
of the tables in lateral view, narrower tables in I. badionotus but almost square ones in I. fuscus. In our 
observations, comparison of the ratio of table height to width shows some differences (Fig. 10). However, 
table profi le can be a variable and subjective character and depends on whether the tables are from the 
papillae or the body wall (tables of both species are more square in papillae and narrower in the body 
wall). Isostichopus maculatus phoenius and I. maculatus maculatus also possess tables that are more 
square than narrow in the papillae. Although this character could help identify individuals, for example 
in specimens from fi shery confi scations, it is better to combine table profi les with external characters 
and geographic origin to identify I. fuscus reliably. A new diagnostic character of I. fuscus, not reported 
previously are large tables with a well-developed circular spire in the cloaca (Figs 11D, 19C, 20F).

Color variability in I. fuscus was also recorded by Deichmann (1958), who proposed that the “Reticulated” 
pattern corresponded to younger specimens and “Chocolate-brown” to adults. We found juveniles and 
adults with both color patterns (Fig. 21), and we also found other color patterns including a chocolate-
brown and reddish pattern, as well as completely red juveniles, also recorded by Clark (1910) in a live 
specimen from Peru.

Examination of dorsal papillae in four specimens (and several that were not measured) of I. fuscus, 
from 40 mm to 180 mm long, showed that ossicles become more abundant in the largest specimens. The 
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largest C-shaped ossicles were in 155 mm long specimens. Spines at the crown spires were thick and 
strong in the largest specimens. Table height and disc diameter increased with body length in specimens 
40 to 155 mm, but they were smaller in the 180 mm specimen (Fig. 9A–C). In contrast to I. badionotus, 
large specimens of I. fuscus had wide discs, similar to those of I. maculatus phoenius. 

Biology
Commercial interest and decline of the populations of I. fuscus motivated studies on its ecology and 
biology. This information is mainly from the Gulf of California and from the Galapagos, the main 
localities of fi shery. Information about I. fuscus in other areas in the Eastern Pacifi c is scarce. Isostichopus 
fuscus is a long-lived, slow-growing species that reaches sexual maturity in 5 years, at which point 
individuals are approximately 21 cm long in the Gulf of California (Herrero-Pérezrul et al. 1999; 
Herrero-Pérezrul & Reyes-Bonilla 2008). In the Galapagos, the reported size of fi rst maturity is between 
21 and 23 cm (Toral-Granda & Martínez 2004). In the Gulf of California spawning occurs between May 
and September, infl uenced by the increase in water temperature (Fajardo-León et al. 1995; Herrero-
Pérezrul et al. 1999). In the Galapagos, reproductive activity has been reported throughout the year, 
spawning occurs every month one to four nights after the new moon, regardless of temperature (Mercier 
et al. 2007; Toral-Granda 2008b). Isostichopus fuscus is gonochoric, although there have been some 
cases of hermaphroditism, which may be related to low population densities due to overfi shing (Herrero-
Pérezrul et al. 1998). The larval pelagic period lasts from 22 to 27 days; newly settled juveniles measure 
1 mm in length; at 72 days they reach 3.5 cm and at 110 days they are 8 cm long (Hamel et al. 2003; 
Mercier et al. 2007). The success of fertilization in sea cucumbers is a function of the spatial dispersion 
of the broodstock, so that minimum density is important (Bell et al. 2008). For populations of I. fuscus 
at Galapagos, a density of ~ 1.2 ind/m2 (~ 12 000 ind/ha) was estimated to achieve 50% fertilization 
success (Shepherd et al. 2004). Highest population densities of I. fuscus were 3500 ind/ha in Galapagos 
in 1999, before the establishment of fi shing seasons (Toral-Granda 2005). On the coast of mainland 
Ecuador, in the provinces of Santa Elena and South Manabí, mean density was estimated as 100 ind/ha 
(Aguilar et al. 2011, 2013). Densities were 4300 ind/ha in Jalisco, Mexico, in 1991 (Girón et al. 1991 in 
Glockner 2014) and 3780 ind/ha in Bahía de los Ángeles, Baja California, in 1992 (Salgado-Castro 1992 
in Glockner 2014). Estimated densities at Gorgona Island (Colombia) ranged between 150 and 600 ind/
ha (Palacios & Muñoz 2012). Along the northern Pacifi c mainland of Colombia, I. fuscus was common 
in 2003 and 2016 (G.H. Borrero-Pérez pers. obs.). 

Hosting of the parasitic worm Anoplodium sp. (Platyhelminthes: Rhabditophora) was reported in I. fuscus 
(Hamel et al. 2017). The rate of infestation was 1 to 725 of fl atworms per sea cucumber. Individuals 
with a high rate of infestation had gonads that were very small or absent. Combined with overfi shing, 
the infestation by this parasite could seal the fate of I. fuscus in certain regions of the Eastern Pacifi c 
(Hamel et al. 2017).

Conservation status
Isostichopus fuscus is fi shed legally and/ or illegally in Ecuador, Mexico, Panama, and Peru (Purcell et al. 
2012, 2023). Currently Isostichopus fuscus is included as “Endangered (EN)” in the IUCN Red List of 
Threatened Species (Mercier et al. 2013). It is the only sea cucumber species included in Appendix III of 
CITES proposed by Ecuador (Toral-Granda 2008b). In addition, I. fuscus is under special protection by 
Mexican law (DOF 2010 in Glockner-Fagetti et al. 2016) and it is included in the Red Book of Marine 
Invertebrates of Colombia (Borrero-Pérez & Vanegas-González 2022). Isostichopus fuscus is one of 
the most valuable species in the genus. It is sold at US$ 1.4 per fresh specimen in Ecuador and for US$ 
498–527 kg-1 in China (Purcell et al. 2023). The average maximum market price for “Endangered” sea 
cucumbers in the IUCN red list, including I. fuscus, is US$ 1030 kg-1. Maximum price of species listed 
as “Vulnerable” is US$ 158 kg-1, of species listed as “Of Least Concern” is US$ 124 kg-1 and of species 
listed as “Data Defi cient” is US$ 106 kg-1 (Purcell et al. 2014). These authors propose that market value 
is one of the factors that most drives the risk of extinction of these species.
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Fig. 21. Color patterns and morphological variation of Isostichopus fuscus (Ludwig, 1875) (DNA 
sequences and detailed information of some specimens are indicated in Table 1, see Photo ID column 
for correspondence). A–C, D–E-bottom, F-top, G–H. Specimens with “Reticulated” pattern from 
Taboguilla, Panama (Ta210) (A), Perlas Islands, Panama (B), North Chocó, Colombia (C, D–E-bottom 
dorsal and ventral view, F-top, G–H). D–E-top, I, K–L. Specimens with “Chocolate brown and reddish” 
pattern from North Choco, Colombia (I, D–E-top-dorsal and ventral view, K-small specimen completely 
red), and Perlas Islands, Panamá (L, small specimen completely red). J. Specimen with “Chocolate 
brown and stains” pattern from Mexico. F-bottom. Specimen with “Chocolate brown uniform” pattern 
from North Chocó, Colombia. M. Preserved juvenile from North Choco, Colombia (original coloration 
not recorded). N. Juvenile from Mexico, “chocolate brown uniform with yellow papillae” pattern. 
Photos: F–I by L. Chasqui; L by A. Calderón; J, N by C. Sánchez; A–E, K, M by G. Borrero. Scale bars: 
B, M = 10 mm; D–E = 30 mm; C, K, N = 20 mm.



European Journal of Taxonomy 949: 1–96 (2024)

72

Along the mainland coast of Ecuador, the commercial extraction of this species began in 1989. Two years 
later, due to stock depletion, it moved to the Galapagos, where a management plan was developed in 
1999 (Bruckner et al. 2003). Currently, there is a total ban on fi shing the species off continental Ecuador 
(Purcell et al. 2023). The population densities of I. fuscus at Galapagos ranged from 3500 ind/ha in 1999 
to 500 ind/ha in 2004 (Toral-Granda 2005). These data revealed an alarming decline in population density, 
despite “presumably robust” populations in 1999 after a fi ve-year fi shing ban. In 2009 and 2010 there 
was a new moratorium on fi shing as the minimum population density of 1100 ind/ha (11 ind/100 m2), was 
not met (Purcell et al. 2023). Currently, in the Galapagos Islands there are several management strategies 
that include a total allowable catch, minimum catch size (20 cm fresh or 7 cm dry), no-take reserves, a 
two month fi shing season, and access only to artisanal fi shers who are permanent residents of the islands 
(Purcell et al. 2023). 

In Mexico, commercial exploitation of I. fuscus started in 1988, on the western coast of the Baja 
California Peninsula (Herrero-Pérezrul 2004). In the early 90s, the demand for this resource motivated 
the assessment of I. fuscus populations at new sites with fi shing potential (Glockner 2014). Population 
densities decreased from 1991–1992 to 2013 in localities surveyed such as Jalisco (4300 ind/ha in 1991, 
60 ind/ha following years) and Bahía de los Ángeles (3780 ind/ha in 1992, 1000 ind/ha in 2005–2007, 
700 ind/ha in 2013) (Girón et al. 1991; Girón & González 1992; Salgado-Castro 1992 all in Glockner 
2014). The population density decreased by 82% during the time or evaluation and the average size of the 
individuals decreased by 26% (Glockner 2014). The management measures of the species, such as limits 
to total allowable catch, establishment of minimum catch size, and closing the fi shery during the season 
of reproduction, have not been suffi cient to ensure the sustainable extraction of this species in Bahía de 
los Ángeles (Herrero-Pérezrul & Reyes-Bonilla 2008; Glockner 2014). The observed values of density 
and mean length apparently affected reproductive success, because recruitment was low (Glockner-
Fagetti et al. 2016). Purcell et al. (2023) also report several management strategies in Mexico, including 
the establishment of a fi shing season (October–May), a minimum legal size (400 g or 20 cm), annual 
permits and no-take reserves where the smallest individuals are found. 

Preoccupation about the conservation of this species in regions besides Galapagos and Mexico is also 
justifi ed because of the incessant growth of demands by Asian markets. Of concern is also that most of 
the known population densities in the eastern Pacifi c are lower than the estimated density proposed by 
Shepherd et al. (2004). In addition, the population densities after the fi shing are lower than 1100 ind/ha, 
the threshold reference point presented by Purcell et al. (2023) for I. fuscus in Galapagos.

In Panama, there are reports of illegal extraction of I. fuscus and other species of sea cucumbers at the 
Perlas Islands and at the island of Coiba. Between 2004 and 2005, 689 kg dry weight of sea cucumbers 
were exported to Hong Kong (China) from Panama (Vergara-Chen et al. 2015). However, Executive 
Decrees 157-2003 and 217-2009 instituted a ban on harvest, possession, and commercialization 
of this organism (Vergara-Chen et al. 2015). There are no fi shing records on I. fuscus in Colombia 
and Peru. A fi rst attempt to breed I. fuscus in land-based installations on the coast of Ecuador was 
reported by Mercier et al. (2004). Ongoing projects seeking to restore the sea cucumber population are 
being developed at the Provincia Santa Elena, Ecuador (https://www.eluniverso.com/vida/2017/05/21/
nota/6191473/proyecto-busca-repoblar-pelado-pepinos-mar-spondylus).

Isostichopus macroparentheses (Clark, 1922)
Figs 1P’–Q’, 3A–D, 4E, 5B, 9, 10E, 11E, 22–24; Tables 1–3

Stichopus macroparentheses Clark, 1922: 61–63, pl. 1 fi gs 1–7.

Stichopus megaparentheses – Clark 1922: 63. Typographic error.
Stichopus macroparentheses – Deichmann 1926: 21; 1930: 82–83, pl. 5 fi gs 37–43. — Clark 1933: 110 

(as S. macraparentheses, typographic error).
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Isostichopus badionotus – Deichmann 1957: 4–5; 1963: 106. — Miller & Pawson 1984: 54. — Cutress 
1996: 105, 112. — Pawson et al. 2010: 34–35.

Stichopus macroparenthesis – Deichmann 1957: 4–5. Typographic error.
Isostichopus macroparentheses – Pawson 1976: 374, fi g. 1d. — Solís-Marín et al. 1998: 524. — 

Hendler & Pawson 2000: 282. — Laguarda-Figueras et al. 2001: 28, fi g. 11a–d; 2005: 119. — 
Alvarado & Solís-Marín 2013: 650. 

Original name
Stichopus macroparentheses Clark, 1922.

Current status
Isostichopus macroparentheses (Clark, 1922). 

Name-bearing type
Holotype MCZ HOL-921, MCZ HOL-225 (ossicle slide of the holotype); paratype MCZ HOL-1214.

Type locality
Montego Bay, Jamaica.

Diagnosis
C-shaped ossicles > 90 μm long on average; disc tables in dorsal papillae and body wall  completely 
reduced in adults (Figs 10E, 23A); tridimensional spheres and straight/spiky rods in the respiratory tree 
(Fig. 23F); semi-translucent and smooth body wall; color not variable, background of dorsal side light 
yellow-brown, with irregularly arranged blurred large and small darker brown spots (Figs 22A, C, 24); 
mtDNA divergence from other species of the genus > 16.2% in COI-Fr1 (barcoding region), > 16.3% in 
COI-Fr2 and > 9.5% in 16S (Table 2).

Material examined
Holotype

JAMAICA • L = 50 mm, contracted; Montego Bay, Bogue Island; 18.46908° N, 77.931086° W; Mar. 
1912; H.L. Clark leg.; MCZ HOL-921 • ossicle slide of the holotype; same data as for holotype; MCZ 
HOL-225.

Paratype
USA • 1 spec. (L = 65 mm); Florida, Tortugas, Bird Key; 24.6185° N, 82.8854° W; Jun. 1917; Carnegie 
Institute, Tortugas Laboratory leg.; MCZ HOL-1214.

Other material
GULF OF MEXICO – Mexico • 1 spec.; Veracruz, Isla Lobos; 21.465° N, 97.22866° W; depth 2–7 m; 
16 Mar. 2011; F. Solís-Marín leg.; coral, rocky bottom; ICML-UNAM 5.88.1 • 1 spec.; Veracruz, Isla 
Lobos; 21.4726667° N, 97.23116° W; depth 12 m; 17 Mar. 2011; F. Solís-Marín leg.; coral, rocky 
bottom; ICML-UNAM 5.88.2 • 1 spec.; Veracruz, Isla Lobos; 21.4541667° N, 97.22500° W; depth 
1.5 m; 13 Mar. 1976; coral, rocky bottom; ICML-UNAM 5.88.3. 

CARIBBEAN SEA – Mexico • 1 spec.; Quintana Roo, Puerto Morelos, off Rodman shipyard; 
20.87472° N, 86.85083° W; depth 2 m; 1 Jul. 1995; F. Solís-Marín leg.; rocky bottom; ICML-UNAM 
5.88.0 • 1 spec.; Quintana Roo, Akumal Bay; 20.39375° N, 87.31426° W; depth 2.5 m; 25 May 2012; 
F. Solís-Marín leg.; rocky bottom; ICML-UNAM 11053. – US Virgin Islands • 1 spec. (L = 60 mm); 
St. Croix Island, Rod Bay; 17.733761° N, 64.614086° W; depth 0.5 m; 17 Jul. 1990; R. Aronson 
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leg.; USNM E40833. – British Virgin Islands • 1 spec. (L = 135 mm); Guana Island; 18.472111° N, 
64.576794° W; depth 2 m; 1 Jun. 1997; A. Kerr leg.; USNM E47524. – Antigua and Barbuda • 1 spec. 
(L = 80 mm); Antigua Island, English Harbor; 17° N, 61.7667° W; 7 Jan. 1918; C. Nutting leg.; USNM 
E4391 • 1 spec. (L = 70 mm); same data as for preceding; USNM E22322 • 1 spec. (L = 50 mm); 
same data as for preceding; USNM 1283366. – Curaçao • 1 spec.; Carmabi Marine Research Station; 
12.12177° N, 68.96964° W; depth 3 m; 18 Feb. 2020; G. Paulay leg.; reef shelf; BCUR-0532; UF20352. 
– Belize • 1 spec. (L = 20 mm); Tobacco Cay; 16.945997° N, 88.060744° W; depth 2 m; 10 Jun. 2016; 
L. Geyer and G. Borrero-Pérez leg.; rocky bottom, ImrBe99; USNM 1659484 • 1 spec. (L = 40 mm); 
Carrie Bow Cay; 16.803074° N, 88.081939° W; depth 2 m; 12 Jun. 2016; A. Hiller and G. Borrero-
Pérez leg.; rocky bottom, ImrBe107; USNM 1659485 • 1 spec. (L = 30 mm); Belize, Carrie Bow Cay; 
16.80295° N, 88.08145° W; depth 1–2 m; Apr. 1975; M. Carpenter leg.; USNM E18627 • 1 spec. 
(L = 25 mm); Carrie Bow Cay, near transect along wall of trough behind fore reef crest; 16.80295° N, 
88.08145° W; depth 18 m; 22 Mar. 1979; G. Hendler leg.; USNM 1021529.

Description
EXTERNAL APPEARANCE. Small to medium size species, preserved specimens up to 135 mm long (n = 11, 
range 20–135 mm, holotype: 50 mm, paratype: 65 mm). Body loaf-like, length/width ratio 3.1 ± 0.5 (n = 
11, range 2.4–4.1, holotype 3.8, paratype 4.1). Holotype (contracted) and paratype rounded posteriorly 
and anteriorly (Fig. 22A, C), similar to living specimens, which are convex/subcylindrical in cross 
section (Fig. 24). Body wall soft and not very thick (paratype: 0.5–1 mm; USNM E47524 (L = 135 mm): 
2–4 mm). Anus supra-terminal, circular and not surrounded by large papillae. Mouth directed ventrally, 
encircled by a collar of medium sized papillae (paratype: 2 mm high; holotype: retracted). Nineteen 
large peltate tentacles in the holotype (retracted) and paratype (3–4 mm long, 2.5–3 mm wide shield, 
with 0.5 mm deep indentations); 20 tentacles in the largest specimen USNM E47524 (6–7 mm long; 
4–4.5 mm wide shield). Large live and preserved specimens with fl at and inconspicuous dorsal and 
lateral papillae (Fig. 24F, J–K) (USNM47524: less than 1 mm high and 2 to 5 mm wide at the base). 
Juvenile live specimens with medium to large dorsal papillae, rounded or pointed, ending in a thin tip, 
scattered irregularly; lateral papillae similar in shape to the dorsal ones, but smaller and less obvious 
(Fig. 24A–E). Papillae in the holotype and paratype small (Fig. 22A, C). Lateral rows not sharply defi ning 
the dorsal and ventral surface in either juveniles or adults, in living or preserved specimens (Figs 22, 
24). Ventral surface in both juveniles and large specimens densely covered with cylindrical pedicels, 
arranged in three longitudinal rows (Figs 22, 24); most of the pedicels retracted and longitudinal rows 
not evident in the largest preserved specimen (USNM E47524).

COLOR AND BODY WALL APPEARANCE. Body wall surface smooth and semi-translucent (Figs 1, 22, 24) (see 
also Clark 1922: 62). Color not variable, living specimens light yellow-brown in the background on 
the dorsal side with irregularly arranged blurred big and small darker brown spots that do not coincide 
with the papillae; papillae lighter, with the distal end almost white, or at least lighter than the base of 
the papillae, yellow according to Clark (1922) (Fig. 1P’–Q’). Ventral surface lighter than dorsal with 
small spots in the same dorsal pattern, pedicels translucent white, end plate of darker brown (Fig. 24). 
Preserved specimens similar to live ones in color, tentacles with light brown tubes and darker shields 
(Fig. 24F–I). Holotype and paratype uniform whitish on the dorsal and ventral surfaces, with slightly 
darker tentacles (Fig. 22A, C). Living juveniles (20 mm long) similar in color as adults, tentacles 
translucent white (Fig. 24A–E).

INTERNAL ANATOMY (based on MCZ HOL-1214 (paratype, L = 65 mm), USNM E47524 (L = 135 mm) 
and MCZ HOL-921 (holotype, L = 50 mm, mostly deteriorated)). Calcareous ring diameter 7 mm in 
the 65 mm specimen and 11 mm in the largest 135 mm one; radial ele ments almost as long as wide (L = 
65 mm: 2 mm wide, 1.5 mm long; L = 135 mm: 5 mm wide, 4.2 mm long), with four anterior small lobes 
and small posterior projections that are larger in the largest specimen (1.2 mm) (Fig. 4E); interradial 
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elements pointed anteriorly and concave in the posterior margin, about half as wide as radial elements 
and somewhat shorter (L = 65 mm: 2.5 mm wide, 1.5 mm long; L = 135 mm: 2.5 mm wide, 3 mm 
long). Single and irregularly helical stone canal (L = 65 mm: 4 mm long; L = 135 mm: 10 mm long), 
attached to the mesentery, ending in a fl at leaf-like madreporite, 2 mm wide in the largest specimen. 
Tentacle ampullae in the largest specimen 12–16 mm long, 2–3 mm long in the 65 mm specimen, and 
1.5–2 mm in the holotype. One tube-like Polian vesicle in the 65 mm specimen and the holotype (both 
6 mm long, 1 mm wide); two tube-like Polian vesicles in the largest specimen, one longer (15 mm 
long, 2.5 mm wide) than the other (9 mm long, 1.5 mm wide), streaked longitudinally, with spots and 
dark tips. Gonads found only in the holotype (Fig. 11E). Longitudinal muscles approximately 1.5 and 
2.5 mm wide in the 65 mm specimen and the holotype, and 4 mm wide in the largest specimen (USNM 
E47524), divided and attached to the body wall medially and laterally. Respiratory trees insert to the 
cloaca arising from a common stem 13 mm long in the 135 mm specimen, the left tree extending with 
the intestine (L = 65 mm: 25 mm long; L = 135 mm: 65 mm long) and right tree free (19 mm and 45 mm 
long, respectively).

OSSICLES (based on MCZ HOL-921 (holotype, L = 50 mm), MCZ HOL-225 (holotype permanent 
slide), MCZ HOL-1214 (paratype, L = 65 mm), USNM E47524 (L = 135 mm, SEM images (Fig. 22)); 
USNM 1659484 (juvenile, L = 20 mm) and USNM 1659485 (juvenile, L = 40 mm); juveniles only for 
dorsal papillae and body wall). Ossicles of the holotype are mostly deteriorated; however, some aspects 
of the remaining ossicles, the permanent slide MCZ HOL-225, and the description of Clark (1922), who 
only described the ossicles from papillae and pedicels, are included.

Dorsal papillae with tables, thin C-shaped rods, perforated plates, and large, curved rods (Figs 10E, 22B, 
23A). All types of ossicles present in all specimens, from 20 mm to 135 mm long. Numerous C-shaped 
rods, a few S-shaped ones, ranging from 91 to 155 (x̄ = 133) μm long; 2–3 times as long as tables are 
high, usually abundant in the papilla tip, sometimes in the base; no obvious correlation with body length 
(Figs 9A, 10E). Numerous tables with notable changes in shape and size during growth. Tables in 20, 
40 and 65 mm specimens 31 to 48 (x̄ = 40) μm high and with large discs with smooth and wide margins 
24–77 (x̄ = 48) μm across the disc, characterized by one large central perforation, which appears as 
four large and symmetrical holes, without outer holes, or usually with 4 outer smaller holes alternating 
with the central holes (Fig. 10E, also see Clark 1922: pl 1 fi g. 2; Deichmann 1930: pl 5 fi g. 39); some 
tables with 5 to 15 (rarely 20) holes in the disc, forming a complete outer ring, rarely with one more 
incomplete ring. Spires composed of four pillars usually narrowed at the tip, although also with parallel 
pillars, crossbeam closer to the base; crown of spire rounded without teeth or with few teeth; minute 
teeth on tables with larger discs. These tables with large discs disappear in individuals during growth, 
and are replaced with regular Isostichopus tables with smaller discs, ranging from 32 to 42 (x̄ = 39) μm 
across the disc in the 65 mm specimen, with one rounded central perforation and 2–9 peripheral holes, 
always arranged in one simple ring. Similar tables scarce in the largest specimen (L = 135 mm), most of 
the tables with disc completely reduced, 17–27 (x̄ = 23) μm across and spires composed of four parallel 
pillars slightly or strongly constricted, 29–38 (x̄ = 34) μm high; one crossbeam near the base, pillars 
ending in triplets of small spines forming an expanded crown (Figs 10E, 23A). Few perforated plates, 
located in the papilla tip, with few large perforations, larger in the center of the plate, ranging from 82 
to 127 μm across; Clark (1922) used the term “end plates” to describe these dorsal perforated plates. 
Slightly or strongly curved rods, usually with quadrangular projections in the central area, sometimes 
perforated, 41 to 289 μm long, increasing gradually in size during growth.

Dorsal body wall with tables and rare C-shaped and S-shaped rods (Figs 10E, 23A). Numerous smaller 
tables similar to those from the papillae, 33–50 μm (x̄ = 40 μm) high and 23–103 μm (x̄ = 45 μm) across 
disc in specimens less than 65 mm long (Fig. 10E); no tables with disc in the 135 mm specimen, disc 
usually completely reduced 14–19 (x̄ = 17) μm across disc and 31–37 (x̄ = 34) μm high (Fig. 10E).
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Pedicels with tables, C-shaped rods, perforated plates, large and curved rods, and end plates (Fig. 23B). 
Numerous tables with one large central perforation, which appears as four symmetrical holes, with 
4 to 12 outer smaller holes usually in a single ring, both in the 65 mm and 135 mm long specimens; 
no tables with reduced disc; tables 27–40 (x̄ = 35) μm high and 30–55 (x̄ = 42) μm across the disc in 

Fig. 22. Type specimens of Isostichopus macroparentheses (Clark, 1922). A. Dorsal and ventral view of 
the holotype from Bogue Island, Montego Bay, Jamaica (MCZ HOL-921, 50 mm long, contracted) and 
original labels. B. Holotype ossicles from dorsal papillae (slide MCZ HOL-225). C. Dorsal and ventral 
view of the paratype from Bird Key, Tortugas, Florida (MCZ HOL-1214, 65 mm long) and original 
labels. Photos by G. Borrero. Scale bars: A, C = 10 mm; B = 100 μm.
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the 65 mm long specimen, and 22–32 (x̄ = 27) μm high and 20–44 (x̄ = 32) μm across the disc in the 
135 mm specimen; numerous C-shaped ossicles, but not in all pedicels; C-shaped ossicles from the 
ventral surface much narrower, smaller than those from the dorsal side, as also mentioned by Clark 
(1922), 78 to 112 (x̄ = 99) μm long in the 135 mm specimen, shorter than 165 μm reported by Clark in 
the type specimens. Numerous elongated perforated plates, with many perforations larger and elongated 
in the center of the plate 145–212 μm long in the 65 mm specimen and 228–284 μm long in the 135 mm 
specimen. Slightly curved rods with wide perforated expansions in the middle, 173–243 μm long in the 
65 mm specimen and 268-323 μm long in the 135 mm specimen; end plate 489–569 μm across. 

Ventral body wall with numerous tables similar to those from pedicels; C-shaped ossicles not present. 

Tentacles with tables and rods (Fig. 23C). Few tables having smooth discs with four large central and 
symmetrical holes with 1 to 3 peripheral holes in the 65 mm specimen (31–41 μm across disc) and 0 to 
12, mostly 4 in the 135 mm specimen (38–51 μm across disc). Spire low, composed of four incomplete 
pillars that usually are not joined at the top; without crossbeams connecting adjacent pillars. Numerous 
strongly or slightly curved spiny rods of different sizes ranging from 64 to 839 μm, increasing gradually 
with body size. 

Mouth membrane with tables, C-shaped rods and simple rods (Fig. 11E); tables larger than those from 
dorsal and ventral sides, having spinous discs with one large central perforation, which appears as 
four symmetrical holes usually with 4 to 7 peripheral holes, not forming a complete ring in the 65 mm 
specimen (46–82 μm high, 62–101 μm across the disc) and with one or two rings of 4 to 14 perforations 
in the fi rst and 2 to 8 perforations in the second ring in the 135 mm specimen (50–97 μm high, 43–
108 μm across the disc); spires low, with four incomplete pillars not joined at the top, or composed of a 
variable number of pillars that are joined in a slender reticulate spire, cross beams not distinguishable; 
numerous C-shaped ossicles 37–71 μm long in the 65 mm specimen and 33–89 μm long in the 135 mm 
specimen; numerous small rods 54–108 μm long in the 65 mm specimen and 35–71 μm long in the 
135 mm specimen.

Longitudinal muscles with small rods 33–63 μm long; few tables 35–38 μm high and 29–38 μm across 
the disc in the 135 mm specimen (Fig. 23D). Posterior cloaca with numerous C-shaped ossicles 54–93 μm 
long in the 65 mm specimen and 61–89 μm long in the 135 mm specimen (Fig. 23E). Anterior cloaca 
in the 135 mm specimen with spinous simple or bifurcated rods 78–112 μm long; large tridimensional 
spheres 141–195 μm across and tables similar to those of the dorsal papillae and body wall 25–30 μm 
high and 15–32 μm across the disc (Fig. 11E); muscle ossicles not found in the 65 mm specimen. 
Respiratory trees with strongly spinous straight or cross-shaped rods 178–283 μm long in the 65 and the 
135 mm long specimens; large tridimensional spheres 157–250 μm across in the 135 mm long specimen 
(Fig. 23F); one table with a reduced disc (30 μm high, 18 μm across disc) in the 65 mm specimen. 
Intestine with spinose or smooth deposits in a cross shape, sometimes with bifurcated ends 51–71 μm 
long in the holotype, 31–43 μm in the paratype and 53-114 μm in the 135 mm long specimen (Fig. 23G). 
Gonads with delicate and large rods 102–233 μm long in the holotype (Fig. 11E); gonads not found in 
the paratype or in the 135 mm specimen.

Distribution
Thus far, I. microparentheses is only known from the Gulf of Mexico and the Caribbean Sea, in few 
disjunct localities shown in Fig. 5B, including Bird Key, Florida Keys; Veracruz and Quintana Roo, 
Mexico; Carrie Bow Cay and Tobacco Cay, Belize; English Harbor, Antigua Island; Guana island, 
British Virgin Islands; St. Croix, US Virgin Islands; Bogue Island, Jamaica and Curaçao. The record 
from Sarasota, West Florida is from a juvenile (15 mm total length), which was not confi rmed as 



European Journal of Taxonomy 949: 1–96 (2024)

78

Fig. 23. Isostichopus macroparentheses (Clark, 1922), ossicles (specimen USNM E47524, 135 mm 
long). A. Thin C-shaped rods, tables, perforated plates, and large rods from the dorsal body wall and 
papillae. B. Tables, perforated plates, large rods and end plate from the ventral body wall and tube 
feet. C. Rods from tentacles. D. Rods from longitudinal muscles. E. Rods and C-shaped rods from the 
cloaca. F. Tridimensional sphere and straight rods from respiratory trees. G. Cross-shaped ossicles from 
intestine. Photos by G. Borrero.
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Fig. 24. Color patterns and morphological variation of Isostichopus macroparentheses (Clark, 1922) 
(DNA sequences and detailed information of some specimens are indicated in Table 1, see Photo ID 
column for correspondence). A–B. Dorsal and ventral view of juvenile USNM 1659484-Be99 from 
Belize. C–D. Dorsal and ventral view of juvenile USNM 1659485-Be107 from Belize. E. Dorsal view 
of juvenile UF 20352 from  Curaçao. F. Dorsal and ventral view of preserved specimens from British 
Virgin Islands (USNM E47524). G. Dorsal and ventral view of preserved specimens from US Virgin 
Islands (USNM E40833). H. Dorsal view of preserved specimen from English Harbor, Antigua Island 
(USNM E4391). I. Lateral view of preserved specimen from Carrie Bow Cay, Belize (USNM E18627). 
J–K. Dorsal and ventral view of specimen from Mexico. Photos: A–D, F–I by G. Borrero; J–K by F. 
Solís-Marín; E by Florida Museum of Natural History Data Collection. Scale bars: F = 20 mm; G = 
10 mm; H–I = 1 mm each line.
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I. macroparentheses (USNM E10473). We only collected this species in Belize. Bathymetric distribution 
0.5 to 18 m. The unconfi rmed juvenile USNM E10473 was collected at 48 m depth.

Habitat
Unlike the other species and subspecies of the genus, I. macroparentheses is not common or abundant, 
and most of the collected specimens are juveniles. There is little information about the habitat of the 
species. According to the collection data and literature references, juveniles and adults of this species 
live under or among rocks in the back reef, reef crest, and fore reef (Clark 1922, 1933; Deichmann 1930; 
Pawson 1976). According to Deichmann (1930) and Clark (1933) some specimens collected in Antigua 
were found on sand among eel-grass. 

Remarks
Clark (1922) described this species from two juvenile specimens (holotype L = 50 mm, contracted; 
paratype L = 65 mm). The species was also reviewed by Deichmann (1930), who amended its diagnostic 
characters. However, due to changes during growth and the natural variability of ossicles, doubts about 
its validity as a separate species arose. Deichmann (1957) considered S. macroparentheses a synonym 
of S. badionotus, proposing that specimens with large C-shaped ossicles were juveniles of S. badionotus. 
Pawson (1976), however, argued that the difference between the C-shaped ossicles between the species 
is “dramatic, particularly when one compares juveniles of I. macroparentheses with I. badionotus”. 
However, Miller & Pawson (1984), Cutress (1996) and Pawson et al. (2010), accepted the species as 
a synonym of I. badionotus. Laguarda-Figueras et al. (2005) and Alvarado & Solís-Marín (2013) have 
considered I. macroparentheses as a valid species in taxonomic lists. Prior to the present study there has 
been no detailed review setting the differences of I. macroparentheses from I. badionotus. Furthermore, 
adult specimens of I. macroparentheses had not been examined, so the characteristics of the species 
were based only on the two small specimens designated as types by Clark (1922). We conclude that 
I. macroparentheses is the species of Isostichopus that is best differentiated from the others. It exhibits 
several diagnostic characteristics, among which those related to the ossicles stand out, i.e. the size of the 
C-shaped ossicles, the disc tables in dorsal papillae and body wall, and the three-dimensional spheres 
and straight/spiky rods in the respiratory tree. 

Cutress (1996) found that one adult specimen of I. badionotus (196 mm lo ng) had few C-shaped ossicles 
longer than 100 μm in the dorsal median body wall. She concluded that the large size of C-shaped 
ossicles described in I. macroparentheses fell within the range of variation of I. badionotus, accepting 
I. macroparentheses as a synonym of I. badionotus. However, the average size of C-shaped ossicles 
in the dorsal side of this I. badionotus specimen was 74 μm (range 52 to 124 μm) and 71 μm (48 to 
90 μm) in the ventral side; while these ossicles in dorsal papillae of I. macroparentheses are 91–142 μm 
(x̄ = 113 μm) long, and in pedicels 78 to 112 μm (x̄ = 99 μm) long, clearly larger than that of the other 
Isostichopus (Fig. 9A).

Examination of dorsal papillae in four 20–135 mm long specimens (and several that were not measured) 
of I. macroparetheses, showed that this species displays pronounced changes during growth in table 
height, disc diameter and number of holes in table discs The disc of the tables from dorsal papillae 
presented in Fig. 10E (USNM 1669484, MCZ HOL-1214), and drawn by Clark (1922: pl. 1 fi gs 1–2) 
and described as diagnostic by Deichmann (1957), can be useful to distinguish juveniles or specimens of 
intermediate sizes (holotype and paratype) from other species. These structures, however, can be scarce 
in some individuals, and disc of tables with more holes can be more abundant. In larger specimens (L = 
135 mm), the table discs are completely reduced. Ossicles are less abundant in the largest specimens 
than in middle sized specimens. C-shaped ossicle size does not change during growth. 
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Biology
There is no information available on population status and ecology. 

Conservation status
Currently Isostichopus macroparentheses is included in the IUCN Red List of Threatened Species in 
the category of “Data Defi cient”. “There is little to no information available on the population status, 
habitat, ecology, major threats, or conservation measures occurring to this species” (Samyn 2013). 

Key to the species of the genus Isostichopus Deichmann, 1958
1. C-shaped ossicles > 90 μm on average and 2–3 times as long as the tables are high; disc tables in 

dorsal papillae and body wall completely reduced in adults (Figs 2C, 10E, 23A); tridimensional 
spheres and straight/spiky rods in the respiratory trees (Fig. 23F); color not variable, dorsal side light 
yellow-brown in background, with irregularly arranged blurred large and small darker brown spots 
(Fig. 24); distributed in the Gulf of Mexico and Caribbean Sea, confi rmed in few localities (Fig. 5B), 
not a common species  ................................................................. I. macroparentheses (Clark, 1922)

– C-shaped ossicles < 90 μm on average; disc tables in dorsal papillae and body wall with complete 
ring of holes, not reduced in adults; color highly variable; common and abundant species  ............ 2

2. Table ossicles from top of the dorsal papillae in two shapes (Figs 10C, 13A), large, regular 
Isostichopus tables 58–86 μm (average = 71 μm) (Fig. 2B) and modifi ed “maculatus” tables 60–
108 μm (average = 86 μm) (Fig. 2D); whitish spot-like granules on the skin (Figs 1, 14); distributed 
in the Mid and East Atlantic (Fig. 5A)  .................................I. maculatus maculatus (Greeff, 1882)

– Table ossicles from top of the dorsal papillae only regular Isostichopus tables 29–70 μm (average = 
47 μm)  ............................................................................................................................................... 3

3. Large wart-like dorsal papillae (Figs 19, 21); table ossicles from top of the dorsal papillae only regular 
Isostichopus tables squarer than narrow in profi le (Figs 10D, 20A); large tables with a circular spire 
well developed in the cloaca (Figs 11D, 19C, 20F); distributed in the East Pacifi c Ocean (Fig. 5B)  
 ..................................................................................................................... I. fuscus (Ludwig, 1875) 

– Dorsal papillae variable in size and shape; table ossicles from top of the dorsal papillae only regular 
Isostichopus tables square or narrow in profi le; distributed in the West Atlantic Ocean  ................. 4

4. Semi-translucent and rugose body wall; spiral lines in dorsal and lateral papillae (Figs 1, 17); worm-
like rod ossicles in dorsal papillae (Figs 15B, 16A); calcareous ring with dorsal radial plates with 
short posterior projections (Fig. 4B) in large specimens (L = 185 mm); adult specimens living 
hidden during day associated with live corals, sponges, rubble, and rocks, exposed for only short 
time (Fig. 18)  ........................................................................... I. maculatus phoenius (Clark, 1922)

– Opaque and smooth body wall; no spiral lines in dorsal and lateral papillae (Figs 1, 8); no worm-like 
rod ossicles in dorsal papillae (Fig. 7A);  calcareous ring with dorsal radial plates with long posterior 
projections turned inwards (Fig. 4A) in larger individuals (L = 160–235 mm); adult specimens living 
exposed on muddy, sandy, rocky substrates, seagrass beds and mixed bottoms (Fig. 8)  ...................
 ............................................................................................................. I. badionotus (Selenka, 1867)

Discussion
Concern about the state of the stocks of sea cucumbers worldwide has motivated several initiatives aimed 
to improve understanding of this resource and its fi shing industry and to provide technical information 
for conservation and sustainable exploitation (Samyn 2000; Lovatelli et al. 2004; Bruckner 2006; Toral-
Granda 2008a, 2008b; Toral-Granda et al. 2008; Purcell 2010; Purcell et al. 2012). In the Caribbean 
Sea, increasing economic importance and growing concern about the overexploitation of sea cucumbers 
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has generated efforts in several countries to characterize natural populations for fi shery management 
and to farm in aquiculture some valuable species, such as Isostichopus. As a result, new and useful 
information has been generated, but taxonomic confusion has also arisen. Here, based on evidence from 
mitochondrial DNA, morphology, habitat preference, and distribution have concluded that the genus 
Isostichopus includes four species: I. badionotus, I. macroparentheses, I. fuscus and I. maculatus; the 
last one with the subspecies I. maculatus maculatus and I. maculatus phoenius. 

Barcoding, based on the mitochondrial COI gene, has proven useful in species delimitation and discovery 
of echinoderms, especially sea cucumbers (Uthicke et al. 2010; Byrne et al. 2010; Michonneau 2015; 
Borrero-Pérez & Vanegas-González 2019). It has aided in the present work to distinguish cryptic species, 
and it has clarifi ed the taxonomic status of I. badionotus, providing a reference for adding new evidence, 
such as habitat and distribution, as indicative of species limits. It has also formed the basis of evaluating 
external and internal morphology and coloration patterns to support the Operational Taxonomic Units 
recovered by molecular evidence. Most of the characters reviewed here were previously considered by 
Clark (1922); however, without molecular evidence it would have been almost impossible to clarify 
patterns of variation in coloration and external morphology of the species of Isostichopus, or to defi ne 
differences among the species in ossicles that change during growth. Traditionally, sea cucumber 
taxonomy is based on the shape and size of ossicles. However, several cases have been reported where 
focusing on ossicle shape to distinguish species has led to an underestimation of diversity (Michonneau 
2015). We now know that in Isostichopus ossicles may be diagnostic in some species, but external 
morphology (especially coloration patterns), habitat and distribution are the most useful characteristics 
for identifi cation. This evidence will result in easier and correct species identifi cations, and thus will be 
a useful tool for the characterization of natural populations, fi shery management and aquaculture. 

No evidence was found to support the presence of the genus Stichopus in the Caribbean Sea. The records 
of S. herrmanni and S. variegatus reported by Rodríguez-Forero et al. (2013), Agudelo & Rodríguez 
(2015) and Koike et al. (2015) are in reality records of I. badionotus. Records of Stichopus sp. by 
Agudelo & Rodríguez (2015) and Vergara & Rodríguez (2015) belong to I. maculatus phoenius. The 
Stichopus names of species in the Atlantic Ocean appearing in the literature before Deichmann (1958) 
erected the genus Isostichopus currently correspond to Isostichopus. Stichopus ecnomius Clark, 1922, 
listed as nomen dubium in WoRMS (2020), is a synomym of Astichopus multifi dus (Sluiter, 1910). We 
agree wtih Cutress (1996) after examining the type of A. multifi dus (MCZ HOL-890), a juvenile 6 mm 
long, with aberant tables as described by Cutress (1996: 103, fi g. 36). 

Coloration is considered diagnostic of species in many invertebrates and fi sh (Knowlton 1993; McMillan 
et al. 1999; Malay & Paulay 2010), including echinoderms. A cryptic species of the “Holothuria hilla” 
complex was discovered, with color as the best diagnostic character (Borrero-Pérez & Vanegas-González 
2019). However, all of the species and subspecies of Isostichopus, except I. macroparentheses, are highly 
variable in color. All color variants can be present sympatrically, e.g., in Bocas del Toro in Panama, 
where all color forms of I. badionotus and I. maculatus phoenius are common. However, only one-color 
pattern of I. badionotus was present or predominant at other localities, such as La Guajira in Colombia 
(G.H. Borrero-Pérez pers. obs.), or Bermuda (Clark 1942). We found a slight genetic differentiation 
in mtDNA between most (but not all) individuals of Chips-Uniform color patterns and individuals of 
Reticulated-Black and Yellow color patterns of I. badionotus. We found different habitat preferences 
between these two groups. These differences suggest that there may be non-random mating, the fi rst 
step in speciation. Additional genetic, geographic, and habitat data on coloration patterns are needed 
to determine the signifi cance of this variation. Genetic variation between color variants was reported 
in Apostichopus japonicus, in which microsatellite analysis indicated that they were reproductively 
isolated (Kanno & Kijima 2003; Kanno et al. 2006). 
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Clark (1942) noted that pigmentation in echinoderms deserves careful and exhaustive study. The subject 
remains poorly explored, especially with regard to the function of color in sea cucumbers. It is possible 
that species-specifi c color patterns may be determined by natural selection (Michonneau 2015). As sea 
cucumbers cannot see, the mechanisms of assortative mating by color need to be investigated. The 
association of color patterns with habitat could result in assortative mating that promotes pre-zygotic 
reproductive barriers. Gamete recognition proteins, such as the protein molecule bindin, as yet unreported 
in sea cucumbers but found in sea urchins and sea stars (Zigler & Lessios 2003; Lessios 2007, 2011; 
Zigler et al. 2012; Sunday & Hart 2013; Popovic et al. 2014) could play a role. Such isolation could 
apply to the sympatric species I. badionotus and I. maculatus phoenius, given the evidence that both 
show a reproductive season from September to November (Acosta et al. 2021). 

Although species differentiation based on ossicles is not easy in Isostichopus, it is not impossible. Many 
misidentifi cations of sea cucumbers stem from a lack of examination of ossicles, as confusion between 
genera or species with completely different ossicles exist. This is the case of confounding Stichopus 
and Isostichopus, which currently are easy to recognize based on the presence of rosettes in Stichopus 
(Deichmann 1958; Purcell et al. 2012). The use of ossicles for species identifi cation is rather simple, 
and a good option when molecular analyses are lacking (Toral-Granda 2006; McNab & Rogers 2017). 
Ossicles are a valuable character for distinguishing the most common harvested species in the Caribbean 
Sea, such as the species of Isostichopus, Astichopus multifi dus, Holothuria mexicana, H. thomasi 
Pawson & Caycedo, 1980, and Actinopyga agassizii (Selenka, 1867) (Borrero-Pérez et al. 2012; Purcell 
et al. 2012; McNab & Rogers 2017). Characterization of ossicles should take into account the variability 
within and between individuals and the location of the ossicles in the body of each specimen. The present 
paper provides a guide for the morphological characterization of species of Isostichopus. Ossicles should 
be the second character to examine in live animals after external morphology and color patterns.

All branches of biology, including conservation, need correct taxonomy. In this study, we tried to follow 
the best practices for species identifi cation/documentation, as discussed by Tsang et al. (2018). These 
include the use of a broad range of morphological, genetic, and ecological data to reach conclusions 
about species delimitation and to help with species identifi cations. We hope that this detailed revision 
will be useful for biologists, and raise awareness about the implications of incorrect identifi cation, 
especially in commercially important groups. 
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