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Abstract
Studying morphological abnormalities provides valuable insights into the developmental processes, species adaptability,

gene expression, and the potential effect of environmental pressures. Dysmorphic features are well known within several taxa
like arthropods but has much less been investigated in others like echinoderms, and specially sea cucumbers (Holothuroidea).
The dendrochirotid Cucumaria frondosa (Gunnerus, 1767), which is the most studied and economically important holothuroid
species in the North Atlantic, is known to present different colour morphotypes but anatomical variations have rarely been
reported. This study tallied dysmorphic features across a sample of more than 900 individuals of C. frondosa examined over five
years. About 1.3% and 15.9% of individuals presented non-standard external or internal anatomical characteristics, respectively.
Individuals with unusual body plans, including two posterior ends and two cloaca/anuses, or an abnormal number of tentacles,
were discovered. Others exhibited supernumerary organs, or organs of unusual shape and size, e.g., ramified/split ambulacra
and longitudinal muscle bands, ramified or supernumerary Polian vesicles, hypertrophied madreporites, inter-vesicle protru-
sions, and hypertrophied circular haemal vessels. These features are described here for the first time in C. frondosa and have
not been reported before in holothuroids. The severity of the morphological changes along with their possible drivers and
impacts is discussed.

Key words: phenotypic variations, dysmorphology, Echinodermata, dendrochirotid, sea cucumber, Cucumaria frondosa (Gun-
nerus, 1767)

Résumé
L’étude des anomalies morphologiques apporte des précieuses informations sur le développement, l’adaptabilité des espèces,

l’expression des gènes ainsi que l’effet potentiel que peuvent avoir les pressions environnementales. Les dysmorphies, bien con-
nues chez certains taxa comme les arthropodes, sont peu étudiées chez les échinodermes, notamment les concombres de mer
(Holothuroidea). Le dendrochirote Cucumaria frondosa (Gunnerus, 1767), le concombre de mer le plus étudié et économiquement
important de l’Atlantique Nord, est connu pour ses morphotypes de couleur, mais ses variations anatomiques ont rarement
documentées. Cette étude analyse les anomalies chez plus de 900 individus de C. frondosa examinés sur cinq ans. Environ 1,3%
et 15,9% des spécimens présentaient des anomalies externes ou internes, respectivement. Certains affichaient des schémas
corporels inhabituels, tels que deux cloaques ou un nombre anormal de tentacules, tandis que d’autres avaient des organes
surnuméraires ou de forme atypique, comme des canaux ambulacraires et bandes musculaires ramifiées, des madréporites
hypertrophiées, ou des vésicules de Poli surnuméraires. La plupart de ces anomalies, inédites chez C. frondosa, n’ont jamais été
décrites chez les holothurides. La gravité de ces changements morphologiques, ainsi que leurs causes et impacts potentiels,
sont discutés. [Ceci est une traduction fournie par l’auteur du résumé en anglais].

Mots-clés : variations phénotypiques, dysmorphologie, Echinodermata, Dendrochirotes, concombre de mer, Cucumaria frondosa
(Gunnerus, 1767)

Introduction
Dysmorphology is the measurement of morphological ab-

normalities, including unusual shapes, sizes, and arrange-

ments of body parts that differ from what is typically doc-
umented in a species (Claes et al. 2012). This definition im-
plies that morphological abnormalities are normally scarce
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and can only exist if prior knowledge of what is standard or
typical has previously been well defined. Studying dysmor-
phology offers insights into developmental processes, gene
expression, environmental effect, and adaptability within
species. It can reveal how organisms respond to environmen-
tal pressures or stressors and contribute to understanding
phenotypic plasticity and resilience (Whitman and Agrawal
2009).

Among invertebrates, malformations and morphotype dis-
similarities are the subject of comprehensive research in the
phylum Arthropoda, principally on insects (Malcomson 1953;
Adamski et al. 2005; Leśniewska et al. 2009), crustaceans
(Scholtz 2020), or pycnogonids (Utinomi 1971; Flandroit et
al. 2024). Morphological variability in echinoderms has been
documented to a lesser extent, chiefly as case studies (e.g.,
Dafni 1980; Stewart and Mladenov 1997; Candia Carnevali
2005; Mironov et al. 2015; Galván-Villa and Solís-Marín 2021;
Roux and Phillipe 2021; Rupp et al. 2024). Moreover, while
the scientific literature on echinoderms dates back more than
a century and frequently mentions morphological and func-
tional variations (Edwards 1910; Hawkins 1917; Saint-Seine
1950; Roman 1952; Serafy 1971; Smith et al. 1973; Allain 1978;
Watts et al. 1983), dysmorphic features were seldom charac-
terised and investigated in detail, particularly in sea cucum-
bers (class Holothuroidea).

Echinoderms, particularly Echinoidea and Holothuroidea,
are recognised as bioindicators and have been investigated
in embryo-larval bioassays. Consequently, dysmorphic fea-
tures have primarily been documented as indicators of terato-
genic effects and pollutant-induced disruptions during em-
bryonic/larval development and juvenile growth in ecotoxi-
cological research (Allain 1978; Warnau et al. 1996; Pesando
et al. 2003; Carballeira et al. 2012; Morroni et al. 2020, 2023;
Wang et al. 2023). Variations in environmental conditions,
including salinity and temperature fluctuations, endocrine
disruptors, pathogens, error in the regeneration process,
and diseases, have also been identified as potential sources
of morphological abnormalities (Hotchkiss 1979; Watts et
al. 1983; Jangoux 1987; Candia Carnevali 2005; Vergneau-
Grosset et al. 2022).

Anatomical discrepancies in sea stars (Asteroidea) relate
mostly to the description of unusual arm numbers caused by
high salinity, genetic basis, error in regeneration process, and
larval development flaw (Hotchkiss 1979; Watts et al. 1983).
Whereas in sea urchins (Echinoidea) dysmorphic features in-
volve variations in growth or skeletal morphology, regenera-
tion errors, distortion in the digestive tract, and tissular dis-
orders in adult and larval stages (Allain 1978; Dafni 1980;
Candia Carnevali 2005; Carballeira et al. 2012; Xu et al. 2015).
In crinoids (Crinoidea), they have been mostly documented
from fossils (Stiller 1999; Thomka et al. 2014) and occasion-
ally from living individuals (Candia Carnevali 2005; Eeckhaut
and Améziane-Cominardi 2020), in the form of skeletal de-
formations and regenerative malfunction as a result of epibi-
otic interactions. Brittle stars (Ophiuroidea) are the subject
of the only neoplasm case described in Echinodermata, with
individuals of Ophiocomina nigra (Abildgaard, 1789) exhibiting
tumour-like epiderma (Fontaine 1969; Sparks 2012). Records
of non-standard Holothuroidea are particularly scarce and

have principally focused on embryos or larvae, e.g., odd gas-
trulation and misaligned mesenchymal cells in Apostichopus
japonicus (Selenka, 1867) (Wang et al. 2023). Other relatively
standard phenotypic variations reported in sea cucumbers
range from unusual colours of the body wall (Montgomery
et al. 2019; Xing et al. 2024) to sexual dimorphism of the gen-
ital papillae (McEuen 1988; O’Loughlin 2001; Montgomery et
al. 2018). A more striking example was recently presented by
Rupp et al. (2024) who described several cases of anteriorly
bifurcated (“bicephalic”) adult sea cucumbers from various
orders, living across temperate and tropical areas: Holothuria
(Halodeima) grisea Selenka, 1867 in Brazil, Apostichopus cali-
fornicus (Stimpson, 1857) in the United States of America,
Holothuria leucospilota Brandt, 1835 in La Réunion (France),
Holothuria forskali Delle Chiaje, 1824 in Spain, and Parasticho-
pus tremulus (Gunnerus, 1767) in Norway. These sea cucum-
bers all possessed two mouths, two aquapharyngeal bulbs,
two stomachs, along with examples of duplicated organs. De-
spite being abnormally constituted, they had reached adult-
hood and, in some cases, were observed to display typical lo-
comotor and feeding behaviours (Rupp et al. 2024).

The sea cucumber Cucumaria frondosa (Gunnerus, 1767)
plays a major role in subtidal ecosystems of the Arctic and
North Atlantic regions (Gianasi et al. 2021; Mercier et al.
2023), where it is commercially exploited for human con-
sumption and for its pharmaceutical and nutraceutical prop-
erties (Hossain et al. 2020; Gianasi et al. 2021; Mercier et al.
2023). This species is by far the most studied cold-water sea
cucumber and is among the most fished as well (Gianasi et
al. 2021; Mercier et al. 2023). Accordingly, the anatomy of C.
frondosa has been well studied and described for more than a
century (e.g., Edwards 1910; Hamel and Mercier 1996; Nelson
et al. 2012; Hossain et al. 2020). However, phenotypic mor-
phological variations in this species have been the subject
of few scientific publications. Specifically, Montgomery et al.
(2019) highlighted colour variations in the body wall, from
the dark brown to orange and white individuals, whereas a
blueish individual with white longitudinal and circular mus-
cle bands (normally pink in colour) was described by Mercier
et al. (2023).

The present study took advantage of ongoing research
projects where individuals of C. frondosa were examined on
a regular basis to make the first comprehensive inventory of
the dysmorphic features in an echinoderm species. The aim
was to detect and characterise previously undocumented in-
ternal and external morphological and morphometric varia-
tions in representatives from the Northwest Atlantic. Occur-
rences, as well as possible causes and consequences of those
variations, were detailed and investigated.

Materials and methods

Collection and maintenance
A total of 926 adult individuals of the northern sea cucum-

ber C. frondosa ranging from 7 to 28 cm in contracted length
were collected from two locations in Newfoundland, east-
ern Canada. Of these, 432 individuals were hand collected by
divers from Tors Cove (47◦12′′44′′N; 52◦50′′39′′W) at depths
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Fig. 1. External and internal anatomy of the sea cucumber Cucumaria frondosa (Gunnerus, 1767): (A) external view of an adult
individual with tentacles extended, (B) schematic drawing of the general anatomy, and (C) internal view of the aquapharyngeal
bulb and surrounding organs; scales bars represent ∼30 mm in panel (A) and ∼10 mm in panel (C).
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of 10–15 m, and 494 individuals were collected by commer-
cial harvesters with a bottom trawl on the St. Pierre Bank
(46◦00′′00′′N; 56◦15′′00′′W) at depths of 20–60 m. Sea cucum-
bers from Tors Cove were obtained between October 2019
and May 2023 and those from the St. Pierre Bank between
July 2020 and August 2023.

Permits for field collections were granted by Fisheries and
Oceans Canada and all handling procedures followed the
Canadian Council on Animal Care guidelines.

Phenotypes

External

Morphological and morphometric variations and abnor-
malities were determined based on the known standard
anatomy of C. frondosa (n = 700; Fig. 1) (e.g., Edwards 1910;
Gianasi et al. 2021; Mercier et al. 2023). Live individuals were
examined and photographed with an Olympus Tough TG-6
camera to inventory any variant in external phenotype, in-
cluding different organisation of ambulacra and associated
podia, unusual tentacle numbers, and departure from nor-
mal body plan (Fig. 1A).

Internal

A total of 226 individuals were investigated for internal
variations. The body wall was opened using a surgical scalpel

on the ventral side (i.e., the trivium), from the anus (cloaca)
to the mouth between two rows of podia. Then, the body
wall was inverted and the exposed organs were measured
with a digital calliper, examined under a stereomicroscope
(Leica M205 FA), and photographed with a digital camera (Le-
ica DFC7000). Among the features investigated were the Po-
lian vesicle (number, length, volume of fluid, and shape), the
stone canal (length and width), the madreporite (number and
size), the aquapharyngeal bulb, the ambulacrum (shape), the
ampullae of the podia, the circular haemal vessel (size, lumen
dimension, fluid volume, and coelomocytes quantity), and
the longitudinal muscle bands (Figs. 1B and 1C). Sea cucum-
bers exhibiting morphological variations were sexed follow-
ing the methodology developed in Montgomery et al. (2018).

In addition to the number and size (length and width) of
the Polian vesicle, the total volume of fluid it held was deter-
mined by draining its content into a Petri dish and transfer-
ring it to a Falcon tube (50 mL). Results were compared to the
volume held in typical forms (i.e., individuals with a single
Polian vesicle). The point of insertion of the vesicle(s) along
the ring canal was also noted along with their position in re-
lation to each other. To investigate the potential immunolog-
ical activity of the abnormal inter-vesicle protrusions, their
diameter was measured and their internal content was punc-
tured with a syringe mounted with a G21 needle before being
analysed to detect potential coelomocytes or coelomocyte ag-
gregates under a light microscope (Nikon Eclipse 80i coupled
to an Olympus DP73 camera) following the cellular descrip-
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Table 1. External and internal morphological variations and abnormalities of the sea cucumber Cucumaria frondosa.

Dysmorphic features

Number of
individuals
investigated

Morphological variations
and abnormalities

(estimated rate in %) Associated figure

X- and Y-shaped ambulacrum/muscle band ∼400 5 (1.3) Fig. 2

Variation of tentacle number ∼300 3 (1) Fig. 3

Unusual body plan ∼400 1 (0.3∗) Fig. 4

Multiple Polian vesicles 226 18 (8.0) Fig. 5

Branched Polian vesicle 226 1 (0.4) Fig. 5

Hypertrophied madreporite 94 12 (12.8) Fig. 6

Inter-vesicle protrusion 94 1 (1.1) Fig. 7

Hypertrophied haemal vessel 94 4 (4.3) Fig. 8

∗The proportion of the population with an unusual body plan is probably lower than 0.3%.

tion made by Caulier et al. (2020). Moreover, the circulation
of the hydrovascular fluid between the protrusions and the
vesicles of the tentacles could be determined visually follow-
ing the transfer of red coelomocyte aggregates between the
two compartments.

Results
Among the 926 sea cucumbers examined, 45 instances of

morphological variations and abnormalities in both male and
female individuals were reported and classified into eight cat-
egories (Table 1). Accordingly, 9 out of 700 (±1.3%) and 36
out of 226 (±15.9%) sea cucumbers displayed external and
internal morphological variations or abnormalities, respec-
tively (Table 1). No single individual exhibited more than one
dysmorphic feature. The hydrovascular system was the most
affected. The muscular system, the haemal system, and the
body plan (the organisation of some internal organs included)
were also impacted, as detailed below.

External dysmorphic features

Body wall

After examining 400 individuals of C. frondosa from the St.
Pierre Bank collected between 2022 and 2023, most individu-
als (∼98.8%) exhibited typical morphologies (Figs. 2A–2C). In-
ternally, five retractor muscle bands were observable (Fig. 2A)
with the arrangement of openings associated with the podia
mirrored on the integument (Fig. 2C). Five cases of atypical
body walls were observed (Figs. 2D–2I), based on podia organ-
isation along the ambulacrum. Among these, four individu-
als presented a ramified (i.e., Y-shaped) ambulacrum (Figs. 2E
and 2H) towards the posterior end of the body wall, shifting
the symmetry of the body from pentaradial to hexaradial.
Inwardly, the ambulacra were respectively associated with
five (Fig. 2D) or six retractor muscle bands (Fig. 2G), and the
arrangement of podia openings followed suit (Fig. 2F). The
Y-shaped morphology could be associated with the ambu-
lacrum of both the trivium (Fig. 2E) and the bivium (Fig. 2H).
The fifth atypical body wall belonged to an individual with
an X-shape ambulacrum and a pentaradial body symmetry,
except at the intersection point of the X-shaped ambulacrum

(Fig. 2I). Two rows of podia, forming an X-shape, were dis-
cernible externally along the entire length of this atypical
ambulacrum. Inwardly, the two longitudinal muscle bands
were seemingly fused at the centre, forming an X shape (Fig.
2I). Notably, this individual had four retractor muscle bands,
instead of the typical five (Fig. 2I).

Number of tentacles

The tentacle numbers of approximately 300 individuals of
C. frondosa from Tors Cove were inspected, and three indi-
viduals (∼1%) deviated from the standard 10 (Fig. 3A) with a
corresponding number of tentacle vesicles, i.e., two vesicles
between any two retractor muscles (Fig. 3B). Two individu-
als exhibited nine tentacles of equal size (Fig. 3C) and had 10
associated vesicles with typical configuration; however, one
of the vesicles was substantially smaller (Fig. 3D). Addition-
ally, one individual presented 11 tentacles of equal size (Fig.
3E) with a corresponding number of vesicles: four sets of two
vesicles between two retractor muscles and one set of three
vesicles between two retractor muscles (the middle vesicle
being larger in size; Fig. 3F).

Internal dysmorphic features

Body plan

One of the 400 individuals collected from the St. Pierre
Bank exhibited an atypical external morphology. This indi-
vidual displayed two posterior ends associated with two cloa-
cal openings (Fig. 4C). The diameter of each cloacal opening
was 2.2 mm. The abnormal lateral protrusion was oriented
∼40◦ from the main body. Internally, this individual com-
prised two separate respiratory trees and cloaca, one set asso-
ciated with the main body and another with the lateral pro-
trusion (Figs. 4D–4F). The body wall of the main body section
consisted of five longitudinal muscle bands; however, one of
the muscle bands continued into the body wall of the lateral
protrusion (Figs. 4E and 4F); consequently, body symmetry
went from pentaradial in the anterior section to quadriradial
in the posterior section. The body wall of the lateral protru-
sion also consisted of the standard five longitudinal muscle
bands (Figs. 4E and 4F). Unusually elongated retractor mus-
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Fig. 2. Typical and atypical body-wall morphologies of the sea cucumber Cucumaria frondosa (Gunnerus, 1767): (A) typical lon-
gitudinal muscle bands with five retractor muscle bands, (B) typical ambulacra as viewed externally, (C) typical ambulacra and
associated podium openings on the integument as viewed internally, (D) atypical Y-shaped longitudinal muscle band with one
retractor muscle band, (E) atypical Y-shaped ambulacrum (trivium) as viewed externally, (F) atypical Y-shaped ambulacrum and
associated podium openings on the integument as viewed externally, (G) atypical Y-shaped longitudinal muscle band with two
retractor muscle bands, (H) atypical Y-shaped ambulacrum (bivium) as viewed externally, and (I) X-shaped longitudinal muscle
band(s) with one retractor muscle band; white arrows indicate the atypical longitudinal muscle band morphologies; black
arrows indicate attachment points of retractor muscle bands to the longitudinal muscle bands; scale bars represent 20 mm.
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cle bands (about two-thirds the length of the longitudinal
muscle band) were present in the main body section (Figs. 4E
and 4F).

Polian vesicle

Most individuals from Tors Cove (121 individuals out of
132, or 91.7%) exhibited an hydrovascular system with a sin-
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Fig. 3. Typical and atypical numbers of tentacles and vesicles
of the tentacles in the sea cucumber Cucumaria frondosa (Gun-
nerus, 1767): (A) typical individual with 10 tentacles, (B) typ-
ical aquapharyngeal bulb with two vesicles of the tentacles
between two retractor muscles, (C) atypical individual with
nine tentacles, (D) atypical aquapharygneal bulb associated
with an individual with nine tentacles with two vesicles of
the tentacles between two retractor muscles but one on the
right was substantially smaller in size, (E) atypical individual
with 11 tentacles, and (F) atypical aquapharygneal bulb asso-
ciated with 11 tentacles with three vesicles of the tentacles
between two retractor muscles with the middle vesicle be-
ing larger; arrows indicate a vesicle of the tentacle; scale bars
represent 20 mm.
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gle transparent unbranched Polian vesicle full of hydrovas-
cular fluid, attached to the ring canal (Fig. 5A). The Polian
vesicle monopolised a considerable section of the perivisceral
body cavity; it had an average length of 126.3 ± 46.1 mm
and width of 14.1 ± 1.7 mm (n = 16). Among the 132 sea
cucumbers, 6.8% (n = 9) displayed two Polian vesicles, each
of which had distinct points of attachment to the ring canal
(Figs. 5B and 5C). In addition, one individual (0.8%) had four
Polian vesicles: two fully grown (∼6–10 cm in length) and two
underdeveloped (∼1–2 cm). Another individual (0.8%) exhib-
ited a single Polian vesicle but with an uncharacteristically

branched morphology (Fig. 5F). The sea cucumbers from the
St. Pierre Bank (n = 94) yielded eight individuals (8.5%) with
multiple Polian vesicles; six had two Polian vesicles (6.4%),
one had three (1.1%; Figs. 5D and 5E), and another (1.1%) had
six, among which two were fully grown (∼7–8 cm in length)
and four were underdeveloped (∼1–2 cm).

For the two populations of C. frondosa examined, the po-
sition of the single Polian vesicle on the ring canal was the
left dorsal inter-radius. However, in the 18 individuals with
two or more Polian vesicles, the position of the second vesi-
cle was consistently on the right ventral inter-radius (Fig. 5C).
Furthermore, the third Polian vesicle was always (n = 3) posi-
tioned on the left ventral inter-radius (Fig. 5E). The position of
the fourth Polian vesicle (n = 2) varied from right to left ven-
tral inter-radius (the latter being next to second or third Po-
lian vesicle). The fifth and six underdeveloped Polian vesicles
were observed alongside the fully grown third Polian vesicle.

The total fluid volume within the Polian vesicle was mea-
sured in a subsample of individuals possessing two vesicles
(n = 4) where the cumulative volume (per individual) was
12.8 ± 3.2 mL compared to 15.7 ± 5.4 mL in single Polian
vesicles (n = 4).

Madreporite

Among 94 individuals collected between 2020 and 2021
from the St. Pierre Bank, 12 (13%) possessed a hypertrophied
madreporite. In the typical morphology, an oval calcareous
madreporite with a diameter between 1.5 and 2.5 mm (n = 15)
is attached to the stone canal (length: 9.6 ± 3.4 mm; width:
1.8 ± 0.2 mm; n = 15) (Fig. 6A); the stone canal is connected
to the ring canal on the right ventral inter-radius and is red
in colour, as its fluid is filled with coelomocytes, in particu-
lar haemocytes. Hypertrophied madreporites displayed three
different morphologies: a larger elongated madreporite (Figs.
6C and 6D), a large lump alongside a typical madreporite
(Fig 6E), and a larger knobby madreporite (Figs. 6B and 6F).
Seven individuals exhibited a madreporite of increased size
(i.e., elongated madreporite), measuring 6.9 ± 1.9 mm in
length and 3.6 ± 0.7 mm in width and the longest measur-
ing 8.8 mm in length and 4.3 mm in width (Figs. 6C and 6D).
Four individuals presented a standard madreporite (diame-
ter: ∼1.5 mm) alongside a larger madreporite with a diameter
of 4.2 ± 0.6 mm (Fig. 6E). The peduncle was divided in two at
the third quarter of its length, and each end was distally ter-
minated by a madreporite. The cluster of madreporites was
only observed once; it had a diameter of 7 mm as a result of
the aggregation of 10 units that each measured ∼2.2 mm in
diameter (Fig. 6F).

Irrespective of the number and size of madreporites, the
stone canal length always ranged between 0.6 and 1.2 cm. In-
dependently of the morphology, the hypertrophied and typ-
ical madreporites were always internalised inside the periv-
isceral coelom. The madreporite is run through by wide la-
cunae. The typical madreporite lacunae varied from ∼10 μm
to a maximum of ∼100 μm in width, whereas lacunae in hy-
pertrophied madreporite had a width of ∼10 μm and up to
500 μm. Hypertrophied madreporites were covered by cilia-

http://dx.doi.org/10.1139/cjz-2025-0008


Canadian Science Publishing

Can. J. Zool. 103: 1–13 (2025) | dx.doi.org/10.1139/cjz-2025-0008 7

Fig. 4. Posteriorly bifurcated individual sea cucumber Cucumaria frondosa (Gunnerus, 1767): (A) external view of the body wall
on the dorsal side (bivium), (B) external view of the body wall on the ventral side (trivium), (C) an oblique view of the two
cloacal openings, (D) view of some of the internal organs, (E) internal view of the body wall on dorsal view (bivium), and (F)
internal view of the body wall on ventral side (trivium); scale bars represent 30 mm.
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tion on the surface and inside the lacunae as in any conven-
tional madreporite.

Vesicle of the tentacles

A unique abnormality was detected on the aquapharyn-
geal bulb of a single individual from St. Pierre Bank in July

2020. In the area of transition between the ring canal and the
vesicle of the tentacle, 12 inter-vesicle protrusions and five
deflated inter-vesicle protrusions were present (Figs. 7A and
7B). The diameter of non-deflated protrusions varied from a
minimum of 1 mm to a maximum of 4 mm, while the de-
flated protrusions, filled by haemocytes, each had a diameter
of ∼4 mm. The cumulative volume of fluid extracted from
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Fig. 6. Typical and atypical madreporite morphologies in individuals of the sea cucumber Cucumaria frondosa (Gunnerus, 1767):
(A) typical madreporite and stone canal, (B) hypertrophied, knobbly madreporite still attached to the aquapharyngeal bulb, (C
and D) hypertrophied, elongated madreporite, (E) hypertrophied madreporite with a smaller lump to the left and a larger one
to the right, and (F) hypertrophied, knobbly madreporite; scale bars represent 2 mm in panels (A) and (C–F), and 10 mm in
panel (B).
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Fig. 7. Inter-vesicle protrusions and deflated inter-vesicle pro-
trusions in an individual sea cucumber Cucumaria frondosa
(Gunnerus, 1767): (A) an atypical aquapharyngeal bulb and
(B) a closer view of the inter-vesicle and deflated inter-vesicle
protrusions on the aquapharyngeal bulb; scales bars repre-
sent 10 mm.
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the 12 protrusions totalled ∼1.7 mL. The circulation of the
hydrovascular fluid was bidirectional between the unaltered
protrusions and the vesicles of the tentacles, which was not
the case for deflated protrusions. Instead, these were filled
with an abundance of coelomocytes, specifically morula cells
(∼60%), filopodial phagocytes (∼20%), and few haemocytes
forming light red aggregates. In contrast, the deflated protru-
sions were filled by a cumulative smaller quantity (∼0.1 mL)
of hydrovascular fluid hosting an unusually large amount of
haemocytes (∼50%) forming numerous dark red aggregates.
Each protrusion was inspected but no foreign particles or par-
asites were found.

Circular haemal vessel

During the dissection of the 94 specimens from the St.
Pierre Bank collected between 2020 and 2021, four instances
(4.2%) of hypertrophied circular vessels within the haemal
system were discovered. The circular haemal vessel typi-
cally measured ∼1 or 2 mm in width and encircled the
very beginning of the stomach. The standard circular ves-
sel lacked a developed lumen and contained very little fluid
volume (Figs. 8A and 8B). In three of the abnormal indi-
viduals, the circular haemal vessels were found to be par-
tially hypertrophied (Figs. 8C and 8D), while in the fourth,
it was fully hypertrophied (Figs. 8E and 8F). The former
varied in width from ∼2 to 6 mm, while the latter was
∼10 mm. Additionally, the hypertrophy seemed restricted to
the circular haemal vessel, whereas the radial vessel around
the digestive tract exhibited a normal size and morphol-
ogy. Hypertrophied vessels hold a developed lumen of ∼1–
2 mm in diameter. These lumens were filled with a greater
quantity of fluid containing coelomocytes and, more pre-
cisely, a higher density and number of haemocytes (data not
shown).

Fig. 8. Typical and atypical circular haemal vessel morpholo-
gies in the sea cucumber Cucumaria frondosa (Gunnerus, 1767):
(A) left lateral view of a typical circular haemal vessel, (B)
right lateral view of typical circular haemal vessel, (C and D)
partially hypertrophied circular haemal vessel, and (E and F)
completely hypertrophied circular haemal vessel; scale bars
represent 20 mm.
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Discussion
The present study highlights that the morphological phe-

notype of C. frondosa, while superficially consistent, can vary
strikingly both externally and internally. Some of these vari-
ations reflect expected deviations from the norm, whereas
others exemplify clear abnormalities. Except for variations in
the colour of the body wall and duplicated Polian vesicles re-
ported in C. frondosa (Edwards 1910; Montgomery et al. 2019),
all other atypical morphologies described herein are new to
science, not only for the focal species but for holothuroids in
general. In total, 1.3% of sea cucumbers examined displayed
external variations and 15.9% displayed internal morpholog-
ical variations. However, these proportions likely represent
underestimations because the sea cucumbers were analysed
opportunistically during different projects and by different
researchers.

While the sea cucumbers examined here displayed a wide
range of morphological variations and hypertrophied organs,
none of them appeared to be visibly unhealthy. The dysmor-
phic features were all observed in adults, suggesting that
none were severe enough to endanger the fitness/survival of
the individuals, although it is still unclear whether they had
any milder effect. The most striking abnormality involved
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an individual displaying a bifurcated (split) posterior end, in-
cluding part of the body wall, digestive tract, anus, and re-
spective longitudinal muscles, while other individuals exhib-
ited milder divided radial canals, duplicated rows of podia
and ampullae as well as modified longitudinal and retractor
muscle bands. A similar bifurcation of the body, but at the
anterior end, was recently documented in five species of sea
cucumbers by Rupp et al. (2024), who suggested it might be
due to a genetic defect during development or be the result
of incomplete fusion (chimerism) at the embryonic stage as
reported by Gianasi et al. (2018).

Normal individuals of C. frondosa possess 10 tentacles
linked to 10 vesicles. However, two individuals with 9 ten-
tacles and one with 11 tentacles were found. The former still
possessed 10 vesicles but one was atrophied, corresponding
to the location of the missing tentacle. Despite a tentacle was
missing and the lack of visible sign of non-lethal predation
(i.e., scarring indicating tentacle loss), this abnormality likely
emerged during regrowth after tentacle loss. As for the indi-
vidual with 11 tentacles, it showed 11 vesicles with one vesi-
cle that was hypertrophied, supporting morphologic defect
during early development. In all cases, the tentacles were of
equal size and they retracted, moved, and brought food to
the mouth in a similar pattern as the 10 tentacles of typical
individuals (K.C.K. Ma, personal observation).

The protrusions observed at the base of some of the vesicle
of the tentacles and the hypertrophied circular haemal vessel
might be non-permanent abnormalities potentially caused by
a momentary immunological response. It could be the re-
sults of the accumulation of coelomocytes or an inflamma-
tory reaction of connective tissues to counteract an infection
by microorganisms, as already suggested by Jangoux (1987)
while describing the consequence of diseases in other echin-
oderms. When deflated, the protrusions were filled with pro-
portionally more coelomocyte aggregates than seen in other
hydrovascular fluids examined. This observation is in line
with the reactions of the ring canal reported in Holothuria
(Roweothuria) poli Delle Chiaje, 1824 following antigenic in-
jection aiming to stimulate the immune system by Lunetta
and Michelucci (2002). Similarly, haemocytes were shown
to spike in various fluids (as individual cells or aggregates)
when C. frondosa was exposed to adverse conditions, while
they are virtually absent under stable conditions (Caulier
et al. 2020, 2024; Hamel et al. 2021; Jobson et al. 2022).
Therefore, recruitment of haemocytes in the deflated inter-
vesicle protrusion potentially reflected an immune reaction
that included the expansion of connective tissues to isolate
pathogens (there is no fluid exchange between deflated pro-
trusions and the tentacular vesicle). Despite no pathogens
were observed in the present analysis, the high abundance of
coelomocytes could suggest that they already had been elim-
inated/aggregated. The typical circular vessel of Dendrochi-
rotida is thin with a small lumen containing fluid and free-
swimming cells (Burton 1964; Fish 1967). The hypertrophy of
the vessel in the present study was associated with a larger lu-
men filled with an important number of haemocytes. The re-
cruitment of these immune cells suggests that the hypertro-
phy might be driven by a pathogenic infection leading to an
immune response or brown-tissue degeneration tumour-like

reaction, as already described in Holothuria leucospilota (Smith
et al. 1973).

Edwards (1910) mentioned that 6% of individuals of C. fron-
dosa in his study exhibited a second “accessory” Polian vesi-
cle. It is worth noting that the proportion of the sampled
population with more than one Polian vesicle noted here
was similar (6.8% in the population from Tors Cove and 6.4%
in the population from the St. Pierre Bank), suggesting that
this is the normal rate of variability in the species. This phe-
nomenon is likely to be geographically widespread given that
it is consistently observed throughout the species’ range, in-
cluding in Arctic populations sampled in Qikiqtait, Nunavut,
Canada (K.C.K. Ma, personal observation). Additionally, novel
insight of the consistent positioning of the second Polian vesi-
cle’s insertion point on the ring canal suggests a predispo-
sition for Polian vesicles to be located on the right ventral
inter-radius, indicating potential phenotypic plasticity. Cu-
cumaria miniata (Brandt, 1835), which has also been described
to occasionally possess more than one Polian vesicle, does
not manifest a tendency as clear as C. frondosa, since its sec-
ond and third Polian vesicle shift from the ventral left, ven-
tral right, and dorsal right inter-radius (Edwards 1910). The
novelty of the present study was the observation of multi-
ple Polian vesicles (>2), as well as split vesicles in some indi-
viduals. It was suggested by Caulier et al. (2020) and Hamel
et al. (2021) that flushing the coelomocyte aggregates into
the perivisceral coelom from the hydrovascular system and
the active buoyancy adjustment, respectively, involved vesi-
cle rupture to some degree, requiring reconstruction of this
organ on a regular basis. These reconstructions could be gen-
erating splits at the point of rupture or, if the damage is
too severe, might require the development of new vesicles
to maintain appropriate fluid volumes in the hydrovascular
system. Given that the tissue composing Polian vesicles is
hematopoietic, it could allow the production of immunolog-
ical agents. It is possible that increased surface area through
multiple or lobed vesicles would provide an evolutionary im-
munological advantage (Canicatti et al. 1989; Levin and Gudi-
mova 1997; Cayabo and Mabuhay-Omar 2016; Li et al. 2019;
Caulier et al. 2020; Shi et al. 2020; Guo et al. 2021). The Po-
lian vesicle(s) is/are essential for extension and contraction of
podia and tentacles (Li et al. 2013) and plays/play a role in ex-
cretory and immunology (Baccetti and Rosati 1968; Lawrence
2001; Caulier et al. 2020), emphasising its/their importance.

Although some descriptions of the stone canal of C. frondosa
have been presented in the past (Edwards 1910; Levin and
Gudimova 1997), no morphological variations of this organ
have ever been documented. While most sea cucumbers have
only one internalised stone canal (Hyman 1955; Erber 1983),
some species can have more, such as Holothuria (Roweothuria)
arguinensis Koehler & Vaney, 1906 (6–11 stone canals with
equivalent number of madreporite associated) and Holothuria
atra Jaeger, 1833 (1–18 stone canals with equivalent number
of madreporite associated) (Tehranifard and Rahimibashar
2012; Mezali and Thandar 2014). However, only one stone
canal was described and characterised in C. frondosa. Here, in
all individuals examined, the stone canal was consistent with
original descriptions, but the madreporite in some sea cu-
cumbers was hypertrophied or multiplied. The function and
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benefit of the madreporite are mostly considered as vestigial
in Holothuroidea (Erber 1983), making it difficult to evaluate
the impact of the hypertrophied madreporite on the fitness
of the sea cucumber. The driver of this abnormality is also
difficult to evaluate but since this organ cannot regenerate
(Delage 1902), it is unlikely to result from damage and subse-
quent healing.

As information about morphological variations and dys-
morphic features in echinoderms is still emerging, it is chal-
lenging to identify the underlying drivers with any certainty.
Most documented cases of morphological variation or abnor-
mality in Echinodermata, including in Holothuroidea, arose
during embryonic-larval development following exposure to
heavy metals or antifouling pollutants (Warnau et al. 1996;
Pesando et al. 2003; Moureaux et al. 2011; Carballeira et al.
2012; Morroni et al. 2023). Consequently, the dysmorphic
features detailed in the present study could potentially re-
sult from exposure to toxic waste or teratogens, even though
it is unlikely to occur given the relatively remote/pristine
locations from which most of them were sampled. These
anomalies are more plausibly driven by disease, spontaneous
mutation, atypical regeneration process, and, to a lesser ex-
tent, fluctuations in salinity and temperature, or pathogens
(Hotchkiss 1979; Watts et al. 1983; Jangoux 1987; Vergneau-
Grosset et al. 2022). In addition, these abnormalities may
have emerged at various developmental stages, including
during the larval development (e.g., X- and Y-longitudinal
muscle bands and bifurcated posterior end) or possibly at the
adult stage (e.g., aquapharyngeal protrusions and hypertro-
phied haemal vessel). Arguably, malformations might be an
indicator of shifts in environmental conditions.

Perspectives of future research on this topic may include
more detailed observations of the microstructure of the dys-
morphic variations and potential cellular alterations by scan-
ning/transmission electronic microscopy and cytomorpho-
logical analyses (Sugni et al. 2007; Núñez-Pons et al. 2018;
Peters 2021). In addition to cellular observations, impact on
molecular mechanisms and metabolite variations could be
explored using mass spectroscopy, metabolomics, and molec-
ular biology (Capello et al. 2017; Ruocco et al. 2018; Silva et
al. 2019; Lu et al. 2022). Further analyses monitoring the rate
of morphological variations and abnormalities would help to
assess population, and potentially ecosystem health. Studies
comparing additional populations across various locations,
alongside analyses of the physico-chemical parameters of
their tissues and surrounding water, would provide potential
valuable insights into the influence of these parameters and
general environmental impact. Moreover, next-generation se-
quencing and transcriptomic analysis could yield important
information on heritability, rate of divergence, and genetic
variations to complete our understanding of morphological
plasticity and dysmorphology in echinoderms.

The present contribution offers the first inventory of dys-
morphic features for an echinoderm species, describing
seven completely new variations and abnormalities in C. fron-
dosa and six novelties in the class Holothuroidea. Overall,
findings provide insights into the diversity of external and
internal morphologies in this species and bridges gaps in the
literature by comparing typical and atypical morphologies of

tissues and organs under investigation. It also emphasises the
notable rate of internal abnormalities in certain populations
and the fact that morphological variations or abnormalities
should be more consistently reported in the literature, oth-
erwise their occurrence and drivers may be overlooked. Un-
derstanding the environmental, biological, or genetic drivers
of these abnormalities would yield crucial data for research
in areas such as immune function, regeneration, and ecotox-
icology and provide a deeper understanding of the function
of affected organs.
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