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About storage of tentacles in the pockets of cuttlefishes
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ABSTRACT: Cuttlefishes store their tentacles in the pockets, which are open depressions
in the anteroventral surface of the head between the bases of arms III and IV. When
cuttlefishes hunt prey, they rapidly extend their tentacles from the pockets towards the prey,
catch it using tentacular clubs, retract the tentacles to the pockets, and then hold it to their
mouth using their arms. Tentacle storage in the pockets is important for hunting. However,
the arrangement of the tentacles in the pockets remains unknown. In this study, I report the
arrangement of tentacles in the pockets of pharaoh cuttlefish Sepia pharaonis (Ehrenberg,
1831) and golden cuttlefish Sepia esculenta (Hoyle, 1885) by morphological observation.
Two patterns for keeping the tentacles in the pockets were observed. In the first pattern,
tentacular clubs were located outside the tentacle pocket openings. The curling of tentacular
stalks was less complex than that of the second pattern. In the second pattern, tentacular
clubs were completely retained inside the pockets. The curling of the tentacular stalk was
more complex than that of the first pattern. In both patterns, the tentacular stalks first turned
from the origin towards the oral side and then curled with twisting from the oral side to the
aboral side in the pockets. We observed that tentacular stalks did not tangle. This result
contributes to understanding the basic morphology of tentacular storage in cuttlefish
pockets. Possible causes for the differences between the two patterns are discussed.
How to cite this article: Omura A. 2023. About storage of tentacles in the pockets
cuttlefishes (Mollusca: Cephalopoda) // Invert. Zool. Vol.20. No.3. P.287-294. doi:
10.15298/invertzool.20.3.03

KEY WORDS: cuttlefish, storage pockets, tentacles, Sepia pharaonis, Sepia esculenta.
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PE3IOME: Kapakatuisl mpsdyT CBOM JIOBYHE IIyIANbla B CICHHANBHBIX KapMaHax,
KOTOpBIE IPEACTABIIAIOT COOOH OTKPBITHIE BISTUNBAHUS IIEPEIHE-BEHTPAIbHON TOBEPXHOCTH
TOJIOBBI M pacmonaraiorcs Mexry ocHoBanusmu pyk III u IV. Korna xapakaTuiis! 10BAT
J00bIUy, OHM MIHOBEHHO BBIOPACHIBAIOT JIOBUME WIyMajiblla M3 KapMaHOB M XBaTalOT
KEPTBY, UCIIOJB3Ys TUCTAIBHBIE OyJIaBOBUIAHBIC PACIIMPEHUs JIOBUMX IIyIasell. 3aTeM
L[ynajablia BHOBb BBOPAUMBAIOTCS B KapMaHbl. PacronoxeHne 10BYHX HIynajel B KapMaHax
YPE3BBIYANHO BAXHO IJISI YCIENIHON OXOTHI KapaKaTHIBI, OAHAKO, OHO IO CHX IIOp
OCTaeTCsI He OIMCaHHbIM. B HacTosmmel paboTe M3y4eHO PacioyIoKEHNE JIOBYHX Iy TIalel]
B KapMaHax y KapakaTHIl JIByX BUJOB: Sepia pharaonis Ehrenberg, 1831 u Sepia esculenta
(Hoyle, 1885). B pe3ynbTare MOP(OIOrHYCCKUX HCCICIOBAHNN BBISIBICHO JIBA MATTEPHA
PpacIoyoKeHus JJOBUMX HIyNajiel B kKapMaHax. B nepBoM ciryyae OysiaBOBHIHBIC PACIIH-
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PEHUSI IILyTIaJel] PacloiaratoTCsi BHE CTOPOKEBBIX KAPMAHOB, a CKPYUYHBaHHUE CaMOi pyKH
OTHOCHTEJIFHO HE CJIOKHOE IO CPaBHEHHMIO CO BTOPBIM IaTTepHOM. Bo Topom ciyyae
OyJ1aBOBU/IHBIC PACIIUPEHHUS MOJHOCTBIO MOTPY’KEHBI B CTOPOXKEBBIE KapMaHbI, a cama
pyKa cloXeHa B JJOBOJBHO CJIOKHYIO 1Mo ¢opme cnupaib. B obomx cimydasx creberb
Ka)XIOH PYKH [P CKJIAIBIBAHUH CHayalla II0BOPAYMBACTCS MO HANIPABJICHUIO K OPAIbHOM
CTOpOHE, a 3aTeM CBOPAYMBACTCS C MOBOPOTOM K a0OpaJbHOI CTOPOHE CTOPOXKEBOTO
kapMana. [Ipu 5TOM pyka HHKOIJa He 3alyThIBAeTCsl. DTH PE3yJIbTaThl BHOCSIT BKIIAJ B
noHuMaHue Mopdosoruu 1 GyHKIMOHUPOBAHUS JOBYMX IIynaiel] kapakarull. B padote
00CYXIal0TCsl BO3MOKHBIC MPUYMHBI CYIIECTBOBAHMS JIBYX HAaTTEPHOB PACHOIOKCHHS
JIOBYMX IIyHajel B CTOPOXKEBBIX KapMaHax.

Kak mmrupoBats 3Ty ctathio: Omura A. 2023. About storage of tentacles in the pockets
cuttlefishes (Mollusca: Cephalopoda) // Invert. Zool. Vol.20. No.3. P.287-294. doi:
10.15298/invertz001.20.3.03
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Introduction

Some animals can keep their body parts
inside and outside of their bodies. For example,
crocodiles keep their erect penis inside the clo-
aca (Ziegler, Olbort, 2007), long-necked turtles
snake their necks sideways under the carapace
(Anquetin et al., 2017), and ladybugs tuck their
large hindwings under harder wings in an
origami-like style (Saito et al., 2017). The ap-
propriate arrangement is important for these
body parts to extend, retract, and perform their
functions smoothly. It is also essential to under-
stand how these animals live.

Cuttlefish store two long tentacles in their
pockets, which are open depressions in the
anteroventral surface of the head between the
bases of arms III and IV (Jereb, Roper, 2005).
Each tentacle consists of tentacular stalk and
tentacular club (Fig. 1). They use these tenta-
cles, which are specialized for prey capture via
rapid elongation and retraction, in addition to
eight arms for hunting (Boucher-Rodoni et al.,
1987, Kier, 2016).

Concerning hunting behaviour, they use their
tentacles and arms in the following ways: after
detecting prey, they extend two tentacles from
the pockets toward the prey (tentacular strike),
catch the prey using tentacular clubs, retract the
tentacles into the pockets, and then hold and
transfer the prey to their mouths using the re-
maining eightarms (Boucher-Rodonietal. 1987;
Cole, Adamo, 2005; Hanlon, Messenger, 2018).
Therefore, to understand the hunting behaviour
of cuttlefish and their basic morphology, knowl-

edge of the configuration in which the tentacles
are placed in the pockets is important.

Although, there has not been enough re-
search on how tentacles are stored in pockets,
there are many studies on hunting behaviour,
including behavioural observations (Boucher-
Rodoni, et al. 1987; Cole, Adamo, 2005; Duval
et al., 1984; Shinzato et al., 2018), tentacle and
arm structure (Kier, 1992), and muscle fibre
types (Kier, 1985). Many textbooks show only
the diagram of a cuttlefish whose tentacles are
outside the pockets of the diagram (Okutani,
1995; Nixon, Young, 2003; Jereb, Roper, 2005;
Hanlon, Messenger, 2018). Though Sasaki
(2008) described that cuttlefish ‘fold’ their ten-
tacles in their pockets, no research shows actual
tentacle storage.

The present study reports the arrangement
oftentacles in the pockets of pharaoh cuttlefish
(Sepia pharaonis Ehrenberg, 1831) by mor-
phological observation. This species is widely
distributed in the Indian Ocean and western
Pacific, including the Red Sea and Arabian Sea
south to Zanzibar and Madagascar, Andaman
Sea to South China Sea, East China Sea, Tai-
wan Province of China, Japan (Kyushu and
possibly southern Honshu), eastern Indonesia
and northern Australia (Jereb, Roper, 2005),
and its ecology and behaviour were well stud-
ied (e.g. Nabhitabhata, Nilaphat, 1999; Oka-
moto, 2017). However, the tentacles storage of
this species remains largely unknown. Thus,
the present study aimed to describe the ar-
rangement of the tentacles in the pockets of
pharaoh cuttlefish.
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Fig. 1. Scheme of dorsal view of cuttlefish. The cuttlefish has two long tentacles. Each tentacle consists of

tentacular stalk and tentacular club.

Puc. 1. Cxema CTPOCHHA KapaKaTUIIbI CO CITMHHOU CTOPOHBI. I[Ba JUIMHHBIX JIOBYUX ITyIaJIblia paciioJIOKEHLI
C JIaT€paJIbHBIX CTOPOH U COCTOAT U3 crebist u 6yJ'IaBOBI/IHHOI‘0 pacmrpeHusi, HECYIIETro IMMPUCOCKU.

Material and methods

SPECIMENS. Juvenile Sepia pharaonis (n =
40), which stores tentacles in pockets, was used in
this study. The mantle lengths were within the range
of 42.5 to 51.3 mm. We legally acquired the speci-
mens from the National Museum of Nature and
Science (Tsukuba, Japan), where they had been
fixed in 10% seawater formalin and stored in 70%
ethanol. The specimen number is NSMT-Mo79191.

To check whether there were the artifacts from
fixing the specimens could cause some change of
tentacle arrangement, we also observed raw cuttle-
fish specimens juvenile Sepia esculenta (Hoyle,
1885), (mantle length = 55.8 to 65.3 mm) (n = 6)
which was bought Washizu fish market, Shizuoka,
Japan.

OBSERVATIONS. The tentacle is ejected from
a hole that is opened on the oral side of the pocket.
In this study, I defined a hole as a “tentacle pocket
opening” (Fig. 2). Firstly, tentacle pocket openings
were observed on the oral side. Eight arms of the
specimens were opened, and tentacle pocket open-
ings were observed. Secondly, I observed how the
tentacles were stored by dissecting the pockets from

the ventral side using anatomical scissors. Thirdly,
to quantify the complex curling of the tentacles, I
counted the number of peaks in the upper and lower
directions of the curling of tentacular stalks in the
pockets (Fig. 3).

Images are recorded and viewed using a compact
digital camera (Olympus TG-6, Tokyo, Japan).

Results

There are two patterns of tentacle storage in
the pockets. Tentacular clubs are located near
the tentacle pocket openings in the first pattern
(n=21). The tentacular clubs are emerged from
the tentacle pocket openings to the outside of
the pockets; therefore, tentacular clubs are ob-
served from the oral side (Fig. 4A).

The frontal face (sucker-bearing face) of the
tentacular clubs faces the inner side (Fig. 4A).
The tentacular stalks first turn from the origin
towards the oral side and then curl with twisting
from the oral side to the aboral side in the
pockets (Fig. 5SA). There are four peaks in the
upper and lower directions of the curling of the
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Fig. 2. Scheme of the positions of the tentacle pocket openings.
Puc. 2. Cxema pacrosio)KeHUst pyK, JIOBYHX ILyHajell i CTOPOXKEBBIX KAPMAHOB: BHJ] CO CTOPOHBI PTa.

tentacular stalk in both the right and left pockets
(Fig. 5A-3). I observed that tentacular stalks did
not tangle. All the twenty-one fixed specimens
and four raw specimens with the first pattern
exhibited the same trends.

Tentacular clubs are completely stored in
pockets in the second pattern (n = 19). Curled
tentacular stalks are observed near tentacle pock-
et openings. Tentacular clubs are completely
retained inside the pockets (Fig. 4B).

The tentacular stalks first turn from the ori-
gin towards the oral side and then curl with
twisting from the oral side to the aboral side in
the pockets (Fig. 5B). Curling is more complex
than that of the first pattern; the number of peaks
in the upper and lower directions of the curling
is five in both the right and left pockets (Fig. 5B-
3). I observed that tentacular stalks did not
tangle. All nineteen fixed specimens and two

raw specimens with the second pattern exhibit
similar trends.

Discussion

The present study is the first report of the
tentacle storage on cuttlefish. Though Okutani
(1995) just described that cuttlefish fold their
tentacles in the pockets, we observed S. phara-
onis kept their tentacles curing with twisting
from the oral side to the aboral side in the
pockets, and there were two storage patterns.
We also observed a similar tendency in the raw
specimens of Sepia esculenta, the tentacle stor-
age way observed in S. pharaonis would be
shared among cuttlefish in that size.

The curling way of S. pharaonis would be
advantageous for rapid retraction and exten-
sion. S. pharaonis kept their tentacles curing
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Fig. 3. Diagram of definition of peaks in the upper and lower directions of curling of the tentacular stalks
in the pockets. Red line indicates the curling way of the tentacular stalk. Circle indicates the peak of curling
of the tentacular stalk. In this diagram, there are three peaks.

Puc. 3. Jluarpamma, MOKa3bIBarOIIasi MAKCUMAIIbHbIC BEPXHUE U HIKHUE TOJIOKCHHSI CBEPHYTHIX JIOBUHX
1rymnaier B kKapMaHax. Kpyxku 0003Ha4aroT MMKH CBEPHYTHIX PYK; HA 3TOMH AuarpaMme MoKa3aHo TPH MHKA.

o
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Fig. 4. Images of tentacle storage of Sepia pharaonis in the oral view. A — first pattern (n = 21). Tentacular
clubs emerged from the tentacle pocket openings to the outside. The frontal face (sucker-bearing face) of the
tentacular clubs faces the inner side; B — second pattern (n = 19). Tentacular clubs were completely inside
the pockets. Curled tentacular stalks were observed near the tentacle pocket opening.

Puc. 4. ®otorpadun opanbHOH cTOpPOHEI Tena Sepia pharaonis. A — TIepBEIH NaTTEPH PACIIONOKEHHS
JIOBYHX IIymaner B kapMaHax (n = 21). /lucranbHble KOHIBI IIyTIaJIel, Hecylue Oy1aBOBHIHBIC paclIupe-
HMSI, PACHOJIOKEHBI BHE CTOPOXKEBBIX KapMaHOB. DpoHTalbHAs CTOpPOHA OyJIaBOBHIHOIO PACLIMPEHUS,
HecyIasi MPUCOCKH, obpalieHa K BHYTPEHHEH cTopoHe; B — BTOPOii maTrTepH pacIioNokeHMs JIOBYUX
nrynasnen B kapmanax (n=19). bynaBoBuanble pacumpeHus Iynaiel HOTHOCTHIO CIIPSATAHBI B CTOPOKEBBIX
kapmaHax. CKpyueHHbIH cTe0esb JI0BYEro Liynaiblia BUICH U3 OTBEPCTHS CTOPOKEBOIO KapMaHa.
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Fig. 5. Images and diagrams of tentacles in pockets of Sepia pharaonis from the ventral view. A — first
pattern (n = 21); A-1,2 — the tentacular stalks first turned from the origin towards the oral side and then
curled with twisting from the oral side to the aboral side in the pockets. Curling is less complex than the
second pattern; A-3 — there were four peaks in the upper and lower directions of the curling in the pockets;
B — second pattern (n = 19); B-1,2 — the tentacular stalks first turned from the origin towards the oral side
and then curled with twisting from the oral side to the aboral side in the pockets. Curling is more complex than
the first pattern; B-3 — there were five peaks in the upper and lower directions of the curling in the pockets.
Abbreviations: TC — tentacular club; TS — tentacular stalk; TPO — tentacular pocket opening. Red line indicates the
curling way of the tentacular stalk. Blue circle indicates the peak of curling of the tentacular stalk.

Puc. 5. ®otorpagum M cXeMbl pacHOIOKEHHs JOBYMX IIyHajel B CTOPOXEBBIX KapMmaHax y Sepia
pharaonis, B ¢ BEeHTpAIbHOW CTOPOHBI. A — mepBbIid marTepH (n = 21); A-1,2 — crebenp JI0BUETO
HIyTnanblia CHavana MoBEPHYT K OPaTbHON CTOPOHE, a 3aTeM CKPYUMBAETCs, IOBOPAUNBASACH K a00panbHOM
CTOPOHE CTOPOJKEBOTO KapMaHa; A-3 — MMeeTCsl YeThIpe MTIKa BEPXHETO U HIDKHETO MOJ0XKSHHUS JIOBUMX
IIymaern B CTOPOXKEBhIX kKapMaHax; B — Bropoii marrepH (n = 19); B-1,2 — crebens moBYero nrynanbia
CHayaja MOBEPHYT K OpalbHOH CTOPOHE, a 3aTeM CKPydMBaeTCs, IOBOPAYMBAsCh K a00OpaIbHON CTOpPOHE
CTOPOKEBOTO KapMaHa; B-3 — uMeeTcs IsITh MUKOB HI)KHETO M BEPXHETO ITOJIOKEHHSI JIOBUHX IITyTIaliel B
CTOPO’KEBBIX KapMaHaX.

O6o3nauenus: TC — OynaBOBHUAHOE pacIIMpeHue JIOBYEro Iymnansia; TS — crebenp soByero mynansia; TPO —
OTBEPCTHE CTOPOKEBOro KapmaHa. KpacHoii jiMHMeN 0Ka3aHO IOJI0KEHNE CBEPHYTHIX JIOBYMX IIyIaJlell B KapMaHax.
TonyOpiMH Kpy)KKaMM MOKa3aHbl MUKH BEPXHUX M HWKHUX IOJ0KEHUH CBEPHYTHIX JOBYMX ILIyHaJell.
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with twisting from the oral side to the aboral side
in the pockets (Fig. 5). The curling is similar to
figure-eight-flake inropework, a winding meth-
od in which the ropes are coiled in figure-eight
coils that balance the left and right twists that are
put into the rope during construction (Steve,
2012). The coiled rope in figure eight flake can
be used quickly without tangling (Steve, 2012).
As cuttlefish extend and retract their long tenta-
cles quickly in their pockets during hunting
(Boucher-Rodoni, Boucaud-Camou, 1987; Cole,
Adamo, 2005; Hanlon, Messenger, 2018), the
tentacles should not get tangled. Therefore, stor-
ing the tentacles with curling with twisting would
be suitable for rapid retraction and extension.

Unfortunately, we could not see tentacular
club’s position from the outside in living spec-
imens because tentacular clubs are covered by
their arms in living situation. However, possible
causes for the two storage patterns are discussed
below.

The first coiling pattern may be for subse-
quent hunting. The tentacular clubs were out-
side of the tentacle pocket opening in the first
pattern. There were four peaks in the upper and
lower directions of the curling (Figs 4A, 5A).
Cuttlefishes extend their tentacles to the oral
side plane of the tentacular clubs inward and
attach suckersto the tentacular clubs when catch-
ing prey, as recorded on some videos (ex. by
Feord et al., 2020; BBC Earth, 2021). There-
fore, during hunting, they would set their tentac-
ular clubs near the tentacular pocket opening
with the oral side plane of the tentacular clubs
inward. In general, the less complicated the
coiling of a cord-like long object is, the smooth-
er it can be extended without tangling (Pankow
et al., 2001; Primkulov et al., 1985). Because
the first pattern has less complex coiling (four
peaks in the upper and lower directions of the
curling) than the second pattern (five peaks in
the upper and lower directions of the curling),
the first pattern is better for extending the tenta-
cles more smoothly.

In the second pattern, completely retained
tentacular clubs inside the pockets (Figs 4B and
5B) might adopt when cuttlefish are not active-
ly feeding at that time. Tentacular clubs out-
side the pockets would be disturbance when
cuttlefish send a prey to their mouth by their
arms because tentacle pocket openings are near
the mouth. Cuttlefish extend the tentacles lead-
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ing the tentacular clubs (Brauckhoff er al.,
2020). This curling way may retain the tenta-
cles in the pockets by preventing the tentacular
clubs leading the tentacular stalks from com-
ing out. Sepia latimanus conducted tentacle
stretching behaviour when it did not hunt prey
(A.O., unpublished data based on three obser-
vations at Okinawa Churaumi Aquarium in
2022). This behaviour could support the hy-
pothesis that cuttlefish arrange its tentacles
from the second pattern to the first pattern in its
pockets for the next hunting, though further
research is needed.

Cuttlefish have pockets to store tentacles,
whereas squids do not (Nixon, Young, 2003).
Squid constantly swims, preys ata high frequen-
cy, and digests quickly (Boucaud-Camou,
Boucher-Rodoni, 1983; Boucher-Rodoni et al.,
1987; Omuraet al.,2015). They always swim in
preparation for their next predation (Boucaud-
Camou, Boucher-Rodoni, 1983; Boucher-Ro-
doni et al., 1987; Omura et al., 2015). There-
fore, they probably do not need to store their
tentacles in pockets. However, cuttlefish are
benthic and ambush predators (Sugimoto, Ike-
da, 2013). They feed infrequently and digest
slowly (Boucaud-Camou, Boucher-Rodoni,
1983; Boucher-Rodoni ef al., 1987; Omura et
al.,2015). They settle at the bottom (Nabhitab-
hata, Nilaphat 1999; Okamoto, 2017). Storing
tentacles by adjusting the coiling method ac-
cording to their situation may be suitable for the
benthic lifestyle of cuttlefish.

The present study is relevant in demonstrat-
ing tentacle arrangements in the pockets. We
could not observe tentacular club’s position
from the outside in living specimens, showing
the tentacle storage can be the basis of under-
standing cuttlefish morphology. Further studies
are needed to fully understand the tentacle ar-
rangement in cuttlefish. Firstly, how and when
they change the curling pattern of tentacles in
the pocket should be studied. The inner struc-
ture of the pockets of living cuttlefish should be
observed during hunting using computerized
tomography (CT) to evaluate this. Secondly, the
mechanism of tentacle curling should be eluci-
dated through detailed histological observa-
tions. Thirdly, a comparison between the tenta-
cles of cuttlefish and squid, which do not have
pockets, should be conducted to clarify the
tentacle storage strategy. This study contributes
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to our understanding of cuttlefish’s basic mor-
phology and hunting strategies.
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