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Abstract
Holothuroids are conspicuous members of megabenthic assemblages, particularly in the deep sea. Some are capable of 
swimming and while this behaviour was once considered uncommon, deep-sea exploration and technological advances have 
increased the number of such observations. Swimming or drifting is now regarded to be a potentially common adaptation 
to deep-sea life that enables long distance dispersal at a low energetic cost and perhaps the ability to track ephemeral food 
sources. Swimming is well documented for some species, as well as the specialised structures such as brims, swimming 
lobes, modified podia, and other adaptations like gelatinous consistency, ossicle reduction and flattened bodies. Some spe-
cies of Psychropotes Théel, 1882 have a long ‘tail’ (sail-like unpaired dorsal appendage) that has been suggested to facilitate 
drifting in near-seabed currents. Yet, to date, swimming had been mainly attributed to early life stages for these species, as 
these had been collected above the seafloor. While there is evidence that adults can also use this sail-like lobe to drift using 
bottom currents, the purpose of this dorsal appendage itself is still inconclusive. Here, we document a remotely operated 
vehicle observation of a long ‘tailed’ adult Psychropotes cf. semperiana Théel, 1882 actively swimming with the aid of 
anterior and posterior webbed podia fanning in synchrony, combined with dorso-ventral body flexing, while using the sail-
like dorsal appendage to drift in the near-bottom water column.
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Introduction

Holothuroids (sea cucumbers) inhabit almost every marine 
ecosystem, from intertidal to hadal depths, and from the 
tropics to the poles. They are important components of 
marine ecosystems and are particularly abundant in the 
deep sea (Billett 1991; Hansen 1975). They have often been 
regarded as sedentary animals that move very slowly, with 
only a few reports of swimming in shallow-water species, 
such as some members of the genus Leptosynapta Ver-
rill 1867 (Costello 1946). However, as early as 1867, Sars 
observed specimens of the deep-sea species Bathyplotes 
natans (M. Sars 1868) swimming by undulating their entire 
body when placed in jars after collection. This swimming 
behaviour was long considered unusual but is now regarded 
as a relatively common adaptation to the deep sea that allows 
holothuroids to travel long distances to find suitable habitat 
or high-quality food at a lower energetic cost (Chimienti 
et al. 2019; Miller and Pawson 1990; Ohta 1985; Rogacheva 
et al. 2012).

Two species in the family Pelagothuriidae Ludwig 
1893 are well adapted for swimming, with both Enypnias-
tes eximia Théel 1882 and Pelagothuria natatrix Ludwig 
1893 observed to swim by undulating their highly modi-
fied anterior veil of fused tube feet or frontal lobe (Gebruk 
1995; Miller and Pawson 1990; Ohta 1985; Pawson 1982). 
The latter species is the only known holothuroid that lacks 
a benthic life stage. Miller and Pawson (1990) noted that 
approximately 20 species from Synallactidae Ludwig 1894, 
Psychropotidae Théel 1882, Elpidiidae Thée,l 1882 and Pel-
agothuriidae, had been found both on and well above the 
seafloor, and hypothesised that while swimming had only 
been observed in a small number of bathyal and abyssal 
species at the time, several additional species had similar 
morphological characteristics, suggesting they could also 
be capable of swimming. Increased deep-sea exploration 
since then has also resulted in numerous reports of swim-
ming holothuroids, being relatively common in members of 
the family Synallactidae and the order Elasipodida Théel 
1882 (Gebruk and Kremenetskaia 2024). Swimming species 
present external morphological characters such as gelatinous 
integument and swimming lobes that assist them in swim-
ming (Gebruk and Kremenetskaia 2024).

In the Elasipodida, early life stages have been suggested 
to be pelagic (Tyler and Billett 1988). Many juveniles from 
species in the elasipodid family Psychropotidae have been 
collected in midwater (Billett 1991), with all the smallest 
specimens—up to 35 mm—only ever collected in pelagic 
nets (Tyler and Billett 1988). Adults of some species within 
Psychropotidae have also been observed swimming. Psy-
chropotes depressa (Théel 1882) was observed leaping 
off the seafloor when disturbed, and slowly swimming for 

short periods of time (Pawson 1976). Similarly, P. verrucosa 
(Ludwig 1893) was observed using contortion followed by a 
gliding movement when disturbed (Tilot 2006). Benthodytes 
lingua Perrier R., 1896 was observed swimming after collec-
tion and trying to escape (Rogacheva et al. 2012).

Some species in the genus Psychropotes Théel 1882 
present a long, sail-like, unpaired, dorsal appendage—fre-
quently referred to as a ‘sail’ or ‘tail’—that has been sug-
gested to act as a sail and aid in swimming (Gebruk 1995; 
Mortensen 1927). Juveniles of some species with this long 
appendage, such as P. longicauda Théel 1882, have been 
collected in midwater trawls at up to 1000 m off the seabed 
in the northeast Atlantic (Billett et al. 1985), and a juve-
nile of probably P. moskalevi Gebruk & Kremenetskaia in 
Gebruk et al. 2020 was collected 2000 to 3000 m above the 
seabed in the Kuril-Kamchatka Trench (Belyaev and Vino-
gradov 1969). Tilot (1992) disagreed with the premise that 
Psychropotes species with a longer appendage only swim 
during juvenile stages, having observed footage of a speci-
men of what appeared to be an adult P. dyscrita (Clark 1920) 
(originally identified as P. longicauda but reidentified herein 
by AK) swimming by rhythmically arching its body. Addi-
tionally, the species P. hyalinus Pawson 1985 was described 
from a single adult specimen captured in a trap deployed 5 m 
above the seafloor in the abyssal Pacific. These observations 
provided evidence that species of Psychropotes with a longer 
sail-like appendage were likely capable of active swimming 
as adults, though the purpose of the dorsal appendage itself 
is still inconclusive.

Here, we present the first recorded observation of an adult 
Psychropotes cf. semperiana Théel 1882 actively swimming, 
while also using the long sail-like appendage to drift with 
the current. This individual was observed during a remotely 
operated vehicle (ROV) dive to the abyssal seafloor tracks 
left by a trial deep-sea mining operation conducted by the 
Ocean Minerals Company (OMCO) in 1979 (Jones et al. 
2025).

Material and methods

RRS James Cook cruise 241 (JC241) to the Clarion-Clip-
perton Zone (CCZ), eastern Pacific, took place in Febru-
ary–March 2023. It aimed to find and revisit the site of a 
polymetallic nodule collector test carried out by the Ocean 
Minerals Company in 1979 to assess recovery 44 years after 
the disturbance (Jones et al. 2025). A total of 16 imaging 
transects were conducted using the NOC ROV Isis (Marsh 
et al. 2013). The vehicle was equipped with three cameras: 
Super Scorpio (https://​vocab.​nerc.​ac.​uk/​colle​ction/​L22/​curre​
nt/​TOOL1​934/), AESA (http://​vocab.​nerc.​ac.​uk/​colle​ction/​
L22/​curre​nt/​TOOL1​897/), and a Insite Mini Zeus Mk2 Cam 
camera (referred to as pilot camera; https://​vocab.​nerc.​ac.​

https://vocab.nerc.ac.uk/collection/L22/current/TOOL1934/
https://vocab.nerc.ac.uk/collection/L22/current/TOOL1934/
http://vocab.nerc.ac.uk/collection/L22/current/TOOL1897/
http://vocab.nerc.ac.uk/collection/L22/current/TOOL1897/
https://vocab.nerc.ac.uk/collection/L22/current/TOOL1932/
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uk/​colle​ction/​L22/​curre​nt/​TOOL1​932/). This last was used 
for navigating and had a fixed position looking forwards, 
while the other two cameras were in a downward-looking 
configuration during imaging transects. The ROV Isis was 
also equipped with 4 CATHX Aphos-16 lights and 2 Multi-
SeaLite Matrix lights oriented frontward.

Results and discussion

During the ROV Isis Dive 403 (Station JC241-059) on Feb-
ruary 28, 2023, at 03:48 UTC, a long ‘tail’ adult Psychro-
potes was observed swimming. The observation lasted about 
1 min 45 s and was made in the vicinity of the seafloor tracks 

Fig. 1   Sequence of active swimming movements in Psychropotes cf. 
semperiana. Snapshots taken every 0.4 seconds, every 10 fps from 
a 25 fps video. Specimen was recorded by the Remotely Operated 
Vehicle (ROV) Isis during the JC241 expedition on board the RRS 
James Cook in the Clarion-Clipperton Zone, 13° 43.48' N, 126° 

13.18' W, at 4072 m depth. Notice mouth tentacles on A–C, M–O. 
Video credit: The National Oceanography Centre and the Trustees 
of the Natural History Museum with acknowledgement to the NERC 
SMARTEX project

https://vocab.nerc.ac.uk/collection/L22/current/TOOL1932/
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left by a deep-sea mining vehicle (Jones et al. 2025), at 13° 
43.48′ N, 126° 13.18′ W and a water depth of 4694 m (SM1). 
Because of the objectives of the dive, it was not possible to 
change course nor use any of the additional cameras. The 
lasers were also pointing downwards and out of sight from 
the pilot camera, preventing a direct and accurate measure-
ment of the specimen.

The specimen had a very distinct long, sail-like, unpaired 
dorsal appendage, almost as long as the body (c. 0.9 body 
length), located almost centrally on the dorsum, slightly 
closer to the posterior end. The body length was estimated 
at c. 45 cm. That estimate is close to the maximum length 
reported for this morphotype (40 cm long; Tilot 2006) and to 
the length of one specimen collected during the same expe-
dition (42 cm at recovery, potentially slightly contracted). 
Two species of Psychropotes with a sail-like appendage 
have been reported in the CCZ, P. dyscrita (Gebruk et al. 
2020), and P. cf. semperiana (Glover et al. 2016). The dor-
sal appendage of the latter is placed almost centrally on the 
dorsum; hence the observed specimen was tentatively iden-
tified as P. cf. semperiana. However, the specimen was not 
collected, and its identity remains uncertain as ossicles could 
not be examined.

The long dorsal appendage may be used as a sail to 
catch near-seafloor currents. This can be observed from the 
holothuroid tracking the movement of suspended particles 
(SM1). The specimen was observed about one metre above 
the seabed; swimming by dorso-ventral undulation; folding 
its body in half in the vertical plane (Fig. 1A–F, Fig. 1M–P) 
and then returning to a horizontal posture (Fig. 1G–L) in a 
rhythmical motion, while the dorsal appendage remained 
in a near constant vertical position, acting as a sail. This 
appendage seemed to also provide additional lift for the ani-
mal upwards into the water column. It was observed to drift 
for up to 4 s between active movements, while in a folded/
arched state, and the frequency of the body folding behav-
iour was around 0.2 Hz. No undulating motion was noted in 
the dorsal appendage, which remained as an erect sail for 
the cycle. The specimen also had a marginal brim of fused 
tube feet around the body, wider anteriorly and posteriorly, 
forming what seemed like two webbed brims. The body was 
also flattened anteriorly and posteriorly, thus allowing both 
webbed podia fans to be used as powerful swimming lobes. 
These fanned in synchrony, although more force seemed 
to be exerted by the anterior fan, potentially driving the 
specimen forwards. This swimming style differs from the 
metachronal fanning of webbed podia observed in Enyp-
niastes eximia (Ohta 1985), but is similar to what has been 
described for other species lacking a long dorsal appendage, 
such as Benthodytes gosarsi Gebruk 2008 (Rogacheva et al. 
2012, 2013), P. depressa (Miller and Pawson 1990), and 
other elongated forms (Gebruk and Kremenetskaia 2024).

Swimming behaviour in holothuroids has been (rarely) 
observed during surveys in the CCZ, and mostly in the spe-
cies Enypniastes eximia (Tilot 2006), Peniagone leander 
(Bribiesca-Contreras et al. 2022; Pawson and Foell 1986), 
and Psychropotes verrucosa (Ludwig 1893) (Tilot 2006), 
but not previously for P. cf. semperiana. Species of Psy-
chropotes have been suggested to be occasional swimmers 
(Gebruk and Kremenetskaia 2024). The observation of a 
Psychropotes specimen contorting itself and gliding when 
disturbed by the manipulator (Tilot 2006) suggested that 
swimming could be an escape strategy (Chimienti et al. 
2019). However, none of the P. cf. semperiana specimens 
collected during the expedition attempted to escape nor 
seemed disturbed by the bow wave of the ROV, unlike other 
species (e.g., Peniagone spp. and Benthodytes spp.) that 
appeared to escape from the collection box during the ROV 
dives. Psychropotes cf. semperiana seems to be widely dis-
tributed in the CCZ, spanning over 5,000 km, but is very 
rare (Simon‐Lledó et al. 2025). Density was estimated at 
ca. 1 ind/ha (morphotype HOL_044; Simon-Lledó et al. 
2023a) from seabed images across eight areas covering 
over 100,000 m2 (Table 1), and only 13 individuals were 
observed in another three areas from video transects cover-
ing ca. 30 km (Simon-Lledó et al. 2023b). Specifically, a 
single specimen was observed in 3600 m2 of seafloor imaged 
at the OMCO site, with an estimated density of 2.8 ind/ha 
(Jones et al. 2025).

The dorsal appendage of all long ‘tail’ Psychropotes 
species may be used in the same way as observed here—a 
sail that catches the currents. However, the details of active 
swimming might differ between species depending on the 

Table 1   Density of Psychropotes cf. semperiana (morphotype 
HOL_044) observed in imagery and video transects in the Clarion-
Clipperton Zone with details of the different areas surveyed and num-
ber of individuals observed. * Simon-Lledó et al. 2023b;** Jones et al. 
2025

Study area Area surveyed (m2) HOL_044 (n) Density 
(ind/ha)

APEI 1* 6767 1 1.5
APEI 4* 9529 2 2.1
APEI 7* 7277 1 1.4
APEI 9*  > 8 km 1
GSR*  > 1.2 km 10
KODOS*  > 20 km 2
NORI-D* 5067 2 3.9
TOML_B* 24,980 1 0.4
TOML_C* 29,275 2 0.7
TOML_D* 20,203 2 1.0
OMCO** 3600 1 2.8
Total 106,698 12 1.1
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position of the dorsal appendage. The P. cf. semperiana 
observed could readily fold in half below the near-central 
appendage, but other species with a distal appendage might 
well adopt a different swimming motion. Swimming in P. 
dyscrita, which has an unpaired dorsal appendage located 
close to the posterior end, was briefly described as an undu-
lating movement that starts in the body and moves to the 
appendage (Tilot 1992). Based on this observation, Gebruk 
(1995) suggested that the ‘sail’ can be bent to control move-
ment using bottom currents. In P. longicauda—species 
identification requires confirmation as P. longicauda has 
since been revealed as a cryptic species complex (Gebruk 
et al. 2020)—the coelomic fluid from the sail-like append-
age was found to have significantly lower SO4

2− ions con-
centrations with respect to the surrounding seawater which 
slightly reduced the fluid density in the chambers, thereby 
imparting some degree of buoyancy in the ‘tail’ (L. Hawk-
ins, pers. comm.). This ionic regulation has been found in 
many planktonic invertebrates and has been suggested as 
the most energetically economical buoyancy mechanism 
(Newton and Potts 1993). Swimming could also contribute 
to the widespread distribution of P. semperiana. This behav-
iour has been regarded as an important mechanism for long 
distance dispersal (Ohta 1985), and possibly allows them 
to reach environments that are inaccessible to other deposit 
feeders incapable of swimming, as suggested for Penilpidia 
ludwigi (Marenzeller 1893) (Chimienti et al. 2019). Further 
studies assessing connectivity patterns, life-history traits, 
and evolutionary histories are needed to understand the role 
that swimming has on connectivity, distributional ranges, 
and habitat exploitation.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s12526-​025-​01618-w.
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