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Planktonic stages of benthic octopuses can reach relatively large sizes in some species,
usually in oceanic, epipelagic waters while living as part of the macroplankton. These
young octopuses appear to delay settlement on the seabed for an undetermined period
of time that is probably longer than for those octopus paralarvae living in coastal,
neritic waters. The reason for this delay is unknown and existing information about
their biology is very scarce. Here we report on the presence of juvenile and subadult
forms of the bathybenthic octopus Pteroctopus tetracirrhus in oceanic waters of the
South and North Atlantic and its association with the pyrosomid species Pyrosoma
atlanticum, apparently used by the octopus as a refuge or shelter. The relatively large
size of the P tetracirrhus living in oceanic waters as the individuals reported here,
together with the morphological characteristics of this bathybenthic species including its
gelatinous body, minute suckers embedded in swollen skin and the deep interbrachial
web, indicates that P, tetracirrhus may be considered a model of a transitional octopus
species that is colonizing the pelagic environment by avoiding descending to the bathyal
benthos. This process seems to occur in the same way as in the supposed origin of
the ctenoglossan holopelagic octopods of the families Amphitretidae, Bolitaenidae, and
Vitreledonellidae, which have arisen via neoteny from the planktonic paralarval stages of
benthic octopuses.

Keywords: Mollusca, Cephalopoda, Octopoda, planktonic larvae, mesopelagic zone

INTRODUCTION

Cephalopods are highly mobile molluscs, occupying diverse marine habitats and exhibiting
different lifestyles. Benthic octopuses display two modes of life. Firstly, there are holobenthic species
that produce relatively few and large eggs resulting in well-developed hatchlings that externally
resemble the adults and rapidly adopt the benthic habitat and mode of life of their parents. Second,
there are merobenthic octopus species that are characterized by the production of numerous small
eggs that hatch into planktonic, swimming hatchlings that have been termed paralarvae (Young
and Harman, 1988). These planktonic octopuses have few suckers and a transparent musculature,
live in the water column from a few weeks to half a year depending on the species and temperature,
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and occupy ecological niches distinct from those of the adults
before their definitive settlement on the seabed (Villanueva and
Norman, 2008). Most planktonic octopuses can be considered
as mesoplankton being between 0.2 and 20 mm total length
(Harris et al., 2000). However, in some species, individuals
reach relatively larger sizes, usually in oceanic, epipelagic waters
so form part of the macroplankton (2-20 cm). These young
octopuses appear to delay settlement on the seabed for an
undetermined period of time that is probably longer than for
paralarvae living in coastal, neritic waters. The reason for this
delay is unknown and the existing information about their
biology is very scarce. These large octopus paralarvae have been
called “extended pelagic stages” by Rees (1954) and “super-
paralarvae” by Strugnell et al. (2004) and have been suggested
to be octopuses that delay settlement on the seabed due to
the absence of suitable bottom habitat such as shallow, neritic
areas. Thus, relatively large individuals of at least 10 species of
benthic octopuses have been collected or observed as part of
the macroplankton, using plankton nets, light traps, and ROVs
in coastal and oceanic waters (see Table 6 in Villanueva and
Norman, 2008; Carrasco et al., 2012; Salman, 2012; Crespi-Abril
et al., 2014; Roper et al., 2015). The largest individuals attain
25 mm in mantle length (ML) in Octopus rubescens (Young, 1972,
as Octopus sp.) and 127 mm total length (TL) in Macrotritopus sp.
(Brower, 1981).

An intriguing question is how these typically bottom-dwelling
animals can remain as part of the plankton for long periods,
especially considering subadult and adult octopuses are relatively
poor swimmers. As the heavier arm crown grows notably in
relation to the propulsive mantle cavity during the planktonic
stage, jet-swimming abilities gradually reduce, ending with the
settlement period when animals become benthic (Villanueva
et al., 1997). Extended jet propulsion in adult shallow water
benthic octopus forms such as Octopus vulgaris can result in
cardiac arrest as the rise in internal mantle pressure renders the
circulatory system incapable of returning blood to the hearts,
inducing an oxygen debt and making jet propulsion a non-viable
means of regular transport (Wells et al., 1987). Along with other
factors, it is probable that these physiological limits determine
that subadult and adult benthic octopuses are not capable of
living as part of the megaplankton (size 20-200 cm) and probably
influence the maximum size of their planktonic stages. In fact,
Thiel and Gutow (2005) listed five species of benthic octopuses
rafting on macroalgae that may be taking advantage of this as
both a means of passive transport and/or as an energy-saving
method in addition to being an epipelagic structure that acts as
a potential prey aggregator.

The paucity of information on the extended pelagic life in
benthic octopuses prompts many questions about which part of
the population is involved in this extended pelagic period and
the advantages it may represent for the species dispersal. As far
as we are aware, no symbiotic association of benthic octopuses
with other animals in the water column has been recorded. Here
we report on the presence of juvenile and subadult forms of the
bathyal octopus Pteroctopus tetracirrhus (Delle Chiaje, 1841) in
open, oceanic waters of the South and North Atlantic and its
possible association with pyrosomids.

MATERIALS AND METHODS

Two individuals morphologically resembling the bathybenthic
octopus Pteroctopus tetracirrhus were collected during
oceanographic cruises made in 2015 and 2018 in the Atlantic
Ocean. The first individual (cat. num. ICMC000193) was an
immature female 25 mm mantle length (ML) measured after
fixation (the specimen measured 28 mm ML and weighted
15 g soon after capture). The octopus was found recently dead
inside a Pyrosoma atlanticum colony, measuring 121 mm in
total colony length, with 23 mm external diameter and 14 mm
internal diameter of the hollow cavity of the colony (measured
fresh soon after capture) (Figure 1). Both organisms were
frozen at —20°C after capture, during a oceanographic cruise
on board the Spanish R/V Hespérides, using a Mesopelagos
midwater trawl designed to sample mesopelagic fauna (see net
and cruise details in Olivar et al.,, 2017). The specimens were
collected at St. PEL12N on 27 April 2015 at 25°24'N, 17°23'W
fishing between 0 and 800 m depth, net towed at 4.6 km h~1,
opened from 21:09 to 22:56 h above depth of 3,093 m, south
Canary Islands. In the laboratory, the specimen of P. tetracirrhus
was defrosted, a fragment of the mantle was preserved in 96%
ethanol for molecular studies and the remaining body was
fixed in 4% formaldehyde and transferred to 70% ethanol
before measurements were obtained (Supplementary Table S1).
A second immature female individual (cat. num. NHM-UK
20200243) of P. tetracirrhus was sampled on board RRS James
Clark Ross, St. 83/1 on 7 April 2018 at 16°04’S, 5°42'W above
depth of 793-869 m, near St Helena Island. An opening and
closing RMT8 net was towed at 3.7-4.6 km h™!, from 03:01 to
03:49 h, opened between depths of 200 and 400 m. From the
specimen (ML 33 mm, total length 110 mm) a fragment of the
arm was preserved in 96% ethanol for molecular studies and
the remaining body was fixed in 4% formaldehyde and then
transferred to 70% ethanol before measurements were taken.
The external morphology of these mesopelagic P. tetracirrhus
individuals collected by midwater trawl was compared with
larger, bottom dwelling individuals of the same species. A total
of 7 males (76 £ 14 mm ML, range 56-96 mm ML) and 5
females (81 & 16 mm ML, range from 60 to 105 mm ML) from
the Biological Reference Collections (CBR) of the Institut de
Ciencies del Mar (ICM-CSIC, Barcelona, Spain) and collected
by means of bottom trawl at depths ranging from 87 to 576
m in NW Mediterranean, were examined (Supplementary
Table S1). From all individuals the mantle length (ML), total
length (TL), Arm length (AL), and respective total length
index (TLI) and mantle arm index (MAI) was obtained. In
addition, the sucker diameter (SD), average arm sucker count
(AASC), maximum web depth (WD max.) and web depth
index (WDI) were obtained from both mesopelagic individuals.
Measurements and indices were according to Roper and Voss
(1983) and Toll (1988).

In order to generate DNA barcodes to facilitate species
identification, total genomic DNA was extracted using the Qiagen
DNeasy blood and tissue kit according to the manufacturer’s
instructions. To ensure the species identification of the samples,
an additional mature female specimen of P. tetracirrhus collected
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Atlantic. Photo from Vladimir Laptikhovsky (right).

FIGURE 1 | Pteroctopus tetracirrhus individual 25 mm ML (28 mm ML measured fresh) and the Pyrosma atlanticum colony inside of which it was found after
capture, south Canary Islands, North Atlantic. Photo from Victor M. Tuset (left). P, tetracirrhus individual 33 mm ML captured in waters of St Helena Island, South

between 416 and 576 m depth off Palamds, NW Mediterranean,
was also included (specimen ICMCO000341, Supplementary
Table S1). A partial fragment of the mitochondrial DNA
cytochrome ¢ oxidase subunit 1 was PCR amplified using the
primers LCO1490 5'-GGTCAACAAATCATAAAGATATTGG-
3’ and HCO2198 5'-TAAACTTCAGGGTGACCAAAAAATCA-
3’ (Folmer et al., 1994). Amplicons were purified using the Qiagen
PCR purification kit according to manufacturer’s instructions,
then sequenced using the BigDye Terminator v3.1 (ABI)
cycle sequencing protocol. Resultant electropherograms were
examined using MEGA7 (Kumar et al., 2016).

RESULTS

Morphological and molecular analyses of both mesopelagic
octopus individuals collected confirmed they belong to the
bathybenthic species Pteroctopus tetracirrhus. Both individuals
were collected at night using pelagic nets and were sexually
immature females with the typical orange color skin found in
fresh individuals of this species and with two elongate papillae
over each eye. In the smaller individual (25 mm ML) its external
morphology showed relatively short arms with MAI and TLI of
76 and 41, respectively (Supplementary Table S1 and Figure 2),
with WD max. of 17 mm and WDI of 55, suggesting a juvenile
octopus form. The individual reached 14 mm SD and an
AASC of 108. The second and larger specimen (33 mm ML)
had relatively larger arms, with MAI and TLI of 41 and 30,
respectively, nearly reaching the adult octopus external body
proportions in arm length vs. mantle length (Supplementary
Table S1 and Figure 2) and can be considered as a sub-adult
form due to it being sexual immature. The individual also
possessed a deep web (WD max. 38 mm; WDI, 47) and reached
2 mm SD and an AASC of 146. A total of 658 base pairs
were unambiguously resolved for the three samples. The three

sequences were identical and were uploaded to NCBI under the
accession number MT415947.

DISCUSSION

The fourhorn octopus, P. tetracirrhus, is a medium size
octopus species reaching 850 g in weight that inhabits muddy
substrates of the lower continental shelf and upper slope of the
Eastern Atlantic, primarily between 200 and 500 m, with adult
forms reaching 750 m depth (Mangold-Wirz, 1963; Quetglas
et al., 2009; Laptikhovsky et al., 2014; Norman et al., 2014;
Escanez et al., 2019) and paralarvae at 800-1,000 m depth (Lo
Bianco, 1903). The above results show the capacity for both
juvenile and subadult form of this species to live in open,
oceanic waters. Certain morphological characters of this benthic
species may facilitate its movements far from the sea bottom,
enabling it to favor arm-web, medusoid contractions over the
more energetically expensive jet-swimming locomotion. These
characters are their loose and soft, semigelatinous skin and
musculature, minute suckers and the relatively short arms with
a deep interbrachial web, as deep as 47-55% of arm length in
the pelagic individuals examined here, decreasing to 40% in
benthic individuals (Norman et al., 2014). However, prior to
this study, only paralarvae of this species had been found in the
water column and most biological studies of the species have
been carried out using individuals collected by bottom trawl
(Mangold-Wirz, 1963; Quetglas et al., 2009; Laptikhovsky et al.,
2014). Hatchlings of P. tetracirrhus are planktonic, as laboratory
fresh spawned eggs of the species are 7-8 mm in egg length
(Boletzky, 1981) and an individual of 14 mm total length was
collected between 800 and 1,000 m depth (Lo Bianco, 1903, as
Scaeurgus tetracirrhus) and a second specimen 1.8 mm ML was
reported over the shelf break (Lefkaditou et al., 2005), both from
the Mediterranean Sea.
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FIGURE 2 | Mantle arm index (up) and Total length index (down) in 14
individuals of Pteroctopus tetracirrhus measured after fixation. Black circles,
males; white circles, females; orange circles, juvenile and sub-adult individuals
of 25 and 33 mm ML, respectively, collected during present study.

The finding of a putative symbiotic association between
P. tetracirrhus and the colonial pelagic tunicate Pyrosoma
atlanticum is of interest. Apparently, the octopus might use
the cylindrical pyrosomid colony as a refuge or shelter in a
similar way as benthic octopuses commonly use hard structures
and substrates on the sea bottom (Hanlon and Messenger,
2018). For P. tetracirrhus there might be some advantages
in taking refuge inside the pryrosomid colony. Pyrosoma
atlanticum is a species forming dense aggregations, reaching
up to 41 colonies m~3 (Drits et al, 1992) that carry out
diel vertical migrations from the surface to maximum depth
strata of 800-1,000 m (Perissinotto et al., 2007; Henschke
et al, 2019). In addition to free, energy-saving transport in
the water column, the physical protection of P. atlanticum
when used as refuge might be increased by the orange
color of both the pyrosomid and the skin of P. tetracirrhus
(see Figure 1), helping camouflage from possible predators.
Moreover, crustacean groups such as hyperiid amphipods
(Trégouboft and Rose, 1957) and penaeid shrimps (Lindley
et al.,, 2001) have also been found inside pyrosomid colonies.
Considering that crustaceans represent the most important prey
items in subadult and adult P. tetracirrhus (Quetglas et al., 2009)

it is possible that other invertebrates associated with pyrosomids
also provide potential prey for the young octopus. It is possible
that drag forces in the net during towing created a high
hydrodynamic pressure and caused the P. tetrachirrus specimen
to enter the pyrosma colony. Therefore, confirmation of this
association between octopus and pyrosoma would be desirable in
future observations.

Holopelagic octopod species that complete their life cycle
in the water column, have also been reported as associating
with gelatinous zooplankton. For example Ocythoe tuberculata
(Hardwick, 1970; Okutani and Osuga, 1986) and Argonauta
sp. (Banas et al., 1982) are known to live inside salps, whilst
species such as Haliphron atlanticus and Tremoctopus violaceus
hitchhike with jellyfishes or just their tentacles (Jones, 1963;
Rosa et al,, 2019, and references herein). However, as far as
we know, no previous association between a benthic octopus
species and gelatinous zooplankton has been published. Strugnell
et al. (2004) pointed out the molecular and morphological
link between the ctenoglossan holopelagic octopods of the
families Amphitretidae, Bolitaenidae, and Vitreledonellidae
with the deep-sea, benthic octopuses of the Antarctic genus
Pareledone and the deep-water genus Graneledone, show that
ctenoglossan holopelagic octopods have arisen via neoteny, from
the planktonic, paralarval stages of benthic octopuses. In this
way, the relatively large size of the P. tetracirrhus living in
pelagic oceanic waters such as the individuals reported here,
suggest that P. tetracirrhus may be considered as a model of
a transitional octopus species that is colonizing the pelagic
environment from the bathyal benthos by extending its juvenile
and subadult stages in the water column. The connection
between these young oceanic individuals with the main adult
benthic population situated in muddy bottoms from the lower
continental shelf and upper slope is unknown. However, the
largest samples of P. tetracirrhus (n = 373), collected by
means of bottom trawl by Quetglas et al. (2009), recorded the
smallest individuals as having a 45 mm ML (larger than the
pelagic specimens reported here of 25 and 33 mm ML) and
captured small benthic individuals in deeper waters than adults,
which the authors suggested was indicative of an ontogenetic
migration from deep to shallower waters for P. tetracirrhus.
It is reasonable to suspect that future investigations in the
sparsely sampled mesopelagic environment may provide the
necessary information to verify the life cycle of this and other
bathybenthic species.
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