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ABSTRACT: Decapodiform cephalopods have ‘sucker ring teeth’ in the suckers of their
arms and tentacles. The sucker ring teeth are hard structures, and their shape is related to
their function; for example, the sucker ring teeth on the arm are long and sharp, aiding in
prey capture.

Among decapodiform cephalopods, cuttlefish have small suckers on their hectocotylus,
in addition to their arms and tentacles. The hectocotylus, a modified (hectocotylized) arm
present in male cephalopods, is specifically morphologically adapted for grasping and
transferring a batch of spermatophores to females during mating. Therefore, understand-
ing the shape of the hectocotylus is crucial for comprehending the mating behavior and
reproductive strategy of cephalopods. However, the morphology of the sucker ring teeth
on the hectocotylus in cuttlefish remains unknown.

Here, we report the morphological features of the sucker ring teeth on the hectocotylized
part of Sepia lycidas. We examined and quantified the teeth of the sucker ring using field
emission scanning electron microscopy (FE-SEM) and compared the shape of the sucker
teeth on the hectocotylus with those on the regular arm. The teeth on the hectocotylized
part were shorter and more obtuse compared to those on the arm, and there were little dif-
ferences in teeth shape by position on the ring circumference. In contrast, the teeth on the
arm were longer and sharper, and their length and sharpness varied between the oral and
aboral sides. Possible causes for the morphological features of hectocotylized suckers in
mating behavior are discussed; we suggest that the shorter and more obtuse sucker teeth
around the circumference of hectocotylized part would be optimized to avoid damaging
the spermatophores and to efficiently transfer them to the female. This result contributes to
understanding the basic morphology of the hectocotylus and mating strategy of cuttlefish.
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PE3IOME: V¥ necsatupykux roJoBOHOTHX MOJIJTFOCKOB Ha POTOBBIX KOJIBI[aX MPUCOCOK PYK
HUMeIoTCs 3yOLibl. 3yOIbl Ha IPUCOCKAaX — TBEPAbIE CTPYKTYPBI, (hopMa KOTOPBIX CBsI3aHa C
nx (yHKIMEH; HarpuMep, 3yOIbl Ha IPUCOCKE PYKH JUIMHHBIE U OCTpPbIE, YTO ITOMOTaeT 3a-
XBaTBIBATh 100BITY. Y KapaKaTHII, OTHOCSIINXCS K IECSTUPYKHUM F'OJIOBOHOTHM MOJIITIOCKAM,
MMEIOTCsI HeOOMBIINE MPUCOCKN HE TOJIBKO HA PyKax M IIyNaibliax, HO ¥ Ha TeKTOKOTHIIE.
I'ekTOKOTHIIB — IpUCYIIAst CAaMIIaM T'OJIOBOHOTHX MOAN(GHUINPOBAaHHAS (T€KTOKOTUIN3UPO-
BaHHas) pyKa — MOP(OIOTHUECKH ITPUCTIOCOOIICH JUTs 3aXBaTa U Iepeiadu criepmarodopa
caMKe BO BpeMs criapuBanusl. [ToaToMy u3yueHre GpopMbl TeKTOKOTHIIS HIMEET pelIaroliee
3HA4YEHUeE 15l TOHUMaHUs OpayHOTO [TOBE/ICHNS U PEIPOyKTHBHON CTPAaTETHH F'OJIOBOHOT X
MoJuTIOCKOB. O1HaK0 MOP(OI0THs 3yOII0B KOJIBIIA IIPHCOCKH HA TEKTOKOTHIIE Yy KapaKaTHIL
JI0 CHX TIOp HE BBIICHEHA.

B nanHoii paboTe MbI paccmarpuBaeM Mopdonorudeckre 0cOOCHHOCTH 3yOLI0B IPUCOCKU
Ha rektokoTHiIe Sepia lycidas. Mbl H3y4WITU M KOJIMYECTBEHHO OI[EHUIIN 3yOLIbI IPUCOCKH C
TIOMOILBIO SMHCCHOHHOM CKaHHUpYo1eH aekTponHoi Mukpockonuu (FE-SEM) u cpaBannm
(opMy 3yOII0B IPUCOCKH Ha TEKTOKOTHIIE € 3yOI[aMU Ha 0OBIYHOMN pyKe. 3yOLbl IIPHCOCOK
TeKTOKOTHJISI OKa3aJIMCh KOpOUe U TyIIee TI0 CPABHEHMIO ¢ 3yOLlaMM Ha pyKe, a pa3iindus B
(hopme 3yO1I0B B 3aBUCHMOCTH OT ITOJIOKEHHMS IT0 OKPYKHOCTH KOJIbIAa HE3HAUYMTEIbHBIMH.
Hamnpotus, 3y01pl Ha pyke OKa3ajauCh [UIMHHEE U OCTpee, MPUUYEM HX UIMHA M OCTPOTa
pa3nyasuch Ha OpaIbHOM U a00pasIbHOI cTopoHax. OOCYKIAF0TCS BO3MOKHBIC IPUIHHBI
BIIMSTHHS MOP(OJIOTHYECKUX 0COOCHHOCTEH TeKTOKOTHIIM3UPOBAHHBIX IPUCOCOK Ha Opady-
Hoe roBezieHre. Mbl Iipe/ionaraem, 4To 6ojiee KOPOTKUE U TyIIbIE 3yOI[b I10 OKPY>KHOCTH
MIPUCOCKN TE€KTOKOTWJIN3UPOBAHHON PYKN CIEUAIM3UPOBAHBI YIS TOTO, YTOOBI HE I10-
BpEXKIATh cTIepMaTohopsl 1 3PPEKTHBHO ITEpPeaBaTh HX CaMKe. DTH TaHHBIC BHOCSAT BKIIA
B IIOHUMaHHe 6a30BOK MOP(OIOTUH TeKTOKOTHIIS M CTPATETUH CIIapHBAaHUS KapaKaTHII.
Kaxk nutuposars oty cratbio: Omura A., Masaki N., Ohta I. 2024. The shape of sucker ring
teeth in the hectocotylized part of kisslip cuttlefish (Sepia lycidas) // Invert. Zool. Vol.21.
No.1. P.58-66. doi: 10.15298/invertzool.21.1.02

KJIFOUEBBIE CJIOBA: xapakaruisi, Decapodiforms, rekrokoTtius, Mollusca, mprucockw,
3yOIIBI IPHUCOCKH.
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Introduction

Cephalopod mating behavior is very unique
as it is carried out using a modified arm. Most
male cephalopods have a modified arm called
the hectocotylus, which is used for transferring
a batch of spermatophores to females (Drew,
1911; Squires et al., 2013; Hanlon, Messenger,
2018; Ibafiez et al.,2019). The hectocotylus was
first described in Aristotle’s work. The name
hectocotylus was given by George Cuvier, who
initially considered it a parasitic worm and gave
it a generic name by combining ‘hundred’ and
‘hollow thing” in 1829 (Tompson, 1913).

The shape of the hectocotylus (the modified
part is called the hectocotylized part) is specific
and unique to the males of each species (Nixon,
Yonge, 2003; Okutani, 2010). For example,

the hectocotylus in males of Fuprymna morsei
(Verrill, 1881) is greatly modified, with fleshy
papillae formed from enlarged and elongated
swollen sucker pedicels (Raid et al., 2005), and
the hectocotylus of Loligo forbesii (Steenstrup,
1857) males has its sucker pedicel modified into
long papillae, which gradually decrease in size
distally (Raid et al.,2005). These modified shapes
are considered effective for grasping a batch of
spermatophores and transferring them to the
female (Okutani, 2010). Therefore, knowledge
of the hectocotylus’s morphology is important
to understand their mating strategy.

In most members of the family Sepiidae
(cuttlefish), the hectocotylized part has been
described as having ‘smaller’ or ‘reduced’
suckers compared to the other arms (Raid et
al., 2005; Nateewathana, 2008). However, the



60 A. Omura et al.

Hectocotylized | o
part ‘ >

Hectocotylus

Fig. 1. Diagram of the hectocotylus (left arm) and the arm (right arm) of Sepia lycidas (modified from Sasaki,
1929). A— hectocotylus; B— arm. The red square shows four suckers that were observed with the scanning
electron microscope. The hectocotylus has a hectocotylized part at its base. There are small suckers on the
hectocotylized part.

Puc. 1. Cxema rekTokoTHIIS (JIEBOH pyKH) U pyKH (TIpaBoii pyku) Sepia lycidas (mo Sasaki, 1929, c uamene-
HHSMH). A — TeKTOKOTHJIb; B — pyka. KpacHbIM IpsIMOYTOJIbHHKOM MTOKa3aHbI YETHIPE IPHCOCKH, KOTOPBIC
OBbUIM MCCIICZIOBAHBI C MOMOLIBI CKAHUPYIOIIETO JICKTPOHHOIO MHUKPOCKOINA. B OCHOBAHMH T'€KTOKOTHJIS
HMEEeTCs TeKTOKOTHIIN3MPOBaHHAS 4aCTh. Ha reKTOKOTHIIN3HPOBAHHON YaCTH HMEIOTCS HEOOJIBIIIME IIPUCOCKH.

more detailed morphology of the sucker on the ring teeth (Nixon, Dilly, 1977; Santi, Graziadei,
hectocotylized part (hectocotylized sucker) of 1975; Tsuchiya,2013), which are hard structures
Sepiidae is not well understood. assembled from a protein family called ‘suck-

In particular, the shape of the sucker ring erins’ (Hiew, Miserez, 2017). A sucker ring has
teeth is important for understanding its function. many sucker teeth on its circumference. The
In general, a decapodiformes’ sucker has sucker  shapes of the sucker teeth on both the arm and
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Fig. 2. The curvature radius of a sucker tooth used for quantifying the sucker tooth sharpness. It corresponds to

the radius of a circle with the same curve as the arc. A— a steeper curve (sharper tooth) that shows a smaller
curvature radius; B — a gentler curve (more obtuse tooth) that shows a larger curvature radius.

Abbreviation: r — curvature radius.

Puc. 2. Pamyc kpuBH3HBI 3y0Ola MPUCOCKH, UCTIONB3YEMBbIN ISl KOTMYECTBEHHOW OLICHKU OCTPOTHI 3yOLa
npricockd. OH COOTBETCTBYET palyCy OKPY>KHOCTH C TO¥ e KPUBH3HOIL, 4TO U Iyra. A — Goiee KpyTas
kpuBas (Oosee ocTpblif 3y0), KOTOPOW COOTBETCTBYET MEHBIIMK paanyc KpUBU3HBL, B — Oonee monoras
kpuBast (6onee Tyrnoii 3y0), KOTOPOil COOTBETCTBYET OOJIBILIHI paiyC KPUBH3HBL.

O003HaueHUS: I — paJINyC KPUBU3HBI.

tentacle are related to their hunting function: the
sucker ring teeth on the arm, which are mainly
used to hold prey and transfer it to the mouth
during eating, are sharper than the teeth rings on
the tentacle, whose main purpose is to catch and
retract prey during hunting (Nixon, Dilly, 1977;
Nixon, Yong, 2003). However, to the best of our
knowledge, the shape of the sucker ring teeth on
the hectocotylized part (hectocotylized sucker)
of Sepiidae remains unrevealed.

Here, we report the morphological features
of the sucker ring teeth of the hectocotylized
sucker in Sepiidae. We compared the length and
sharpness of the sucker teeth on the hectocotyl-
ized sucker with those on the corresponding arm.

Material and methods

SPECIMENS. We used adult males of kisslip
cuttlefish (Sepia lycidas Gray, 1849) (n = 4, Mantle
length were 21.5, 22.5, 23.4, 28.1 cm, respectively).
Fresh fisheries specimens were purchased at Washizu
Port (Shizuoka, Japan) at their breeding in May 2017,
which is their breeding season (April to July in Japan;
Natsukari, Tashiro (1991)). Since male Sepiidae
develop their hectocotylus for mating behavior on-
togenetically, we used specimens during this season
to observe the morphology actually utilized in mating
behavior.

The hectocotylized part of the left arm I'V and the
corresponding site on the right arm were amputated

and pre-fixed overnightin 2% glutaraldehyde (TAAB,
Berkshire, UK) in DPBS (Dulbecco’s phosphate
buffer saline; Sigma-Aldrich, MO, USA) at 4C. The
specimens were then rinsed several times in DPBS,
post-fixed for 2 h in 1% osmium tetroxide (Nisshin
EM, Tokyo, Japan) in the same buffer at room tem-
perature, dehydrated though a graded series of ethanol
solutions, after substitution of ethanol with t-butyl
alcohol and immersed in 100% t-butyl alcohol three
times at 37C. Then the specimens were freeze-dried
(JFD300; JEOL, Tokyo, Japan) for overnight at 2C.
Dried specimens were coated with osmium using
an osmium plasma coater (HPC-1SW; VACUUM
DEVICE, Mito, Japan).

We have analyzed four suckers on the middle
of hectocotylized part (left arm IV) (Fig. 1A) and
the corresponding site on the right arm IV (Fig. 1B)
for each individual (i.e., a total eight of suckers for
each individual) for observation and quantification
as below.

OBSERVATION OF THE SUCKER RING
TEETH. To understand for observing surface fine
structure at high resolution of the hectocotylized
suckers, we compared the structures of hectocotylus
and arm suckers by Field Emission Scanning Electron
Microscopy (FE-SEM) at Hamamatsu University
of School of Medicine (Shizuoka, Japan). Hitachi
S-4800 Field Emission Scanning Electron Microscope
(Hitachi, Tokyo, Japan) was used to perform FE-SEM
observations and operated at an acceleration voltage of
5.0 kV. The vaccum level of the observation chamber
was 107 to 107 Pa. The detector for secondary elec-
trons was a mixture of signals from upper and lower
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Fig. 3. Diagram of the sucker. The sucker consists of the sucker ring teeth (hard part) surrounded by the rim (soft
part). Sucker tooth length is the distance between the base of the sucker tooth and the tip of the sucker tooth.
Puc. 3. Cxema npucocku. [Ipucocka cocTouT u3 3y0uaTroro Komibla (TBepaast 4acTb), OKPY>KEHHOTO 000IKOM
(mArkast gacThb). [JnnHa 3y011a NpUCOCKH — 3TO PACCTOSIHUE MEX/Yy OCHOBAaHMEM M BEpIIMHOH 3yOLa.

detectors. The following experimental parameters
were used: working distance, 30 mm; aperture size,100
mm; and scan speed, 10 to 15 frames/s. These whole
processes were done at Hamamatsu University of
School of Medicine (Shizuoka, Japan).

MORPHOLOGICAL QUANTIFICATION OF
THE SUCKER AND SUCKER RING TEETH. To
examine the morphological features of the suckers on
the hectocotylized part, we quantitatively compared
the suckers on the hectocotylus and the arm. We used
four suckers on the middle of hectocotylized part (left
arm [V) (Fig. 1A) and the corresponding site on the
right arm IV (Fig. 1B) for each individual (i.e., a total
eight of suckers for each individual). We quantified
five sucker teeth on each side.

First, we quantified the length of the sucker tooth
and the sharpness of the sucker tooth on both the oral
and aboral sides. The length of the sucker tooth was
measured from acquired SEM images using Adobe
Photoshop CS5 software. Here, we defined the length
of'the sucker tooth as the distance between the base of
the sucker tooth and the tip of the sucker tooth (Fig.

2). The length of the sucker tooth was standardized
against the length of the dorsal mantle. We measured
the curvature radius of the tooth tips as the sharpness
ofthe suckerteeth (Fig. 3). Since the tips of the sucker
tooth are not exactly pointed, we used the curvature
radius instead of the angle to quantify the sharpness
of'the sucker tooth. The curvature radius corresponds
to the radius of a circle with the same curve as the
arc. A steeper curve (sharper teeth) shows a smaller
curvature radius (Fig. 3A), while a gentler curve
(more obtuse teeth) shows a larger curvature radius
(Fig. 3B). We considered the base-to-base distance
between teeth as a curve and measured its curvature
radius on SEM images using Adobe Illustrator CC
2019 software.

Additionally, we measured the diameter of the
suckers from SEM images (Fig. 2) using Adobe
Photoshop CS5 software.

The significance of the differences was statisti-
cally compared using Welch’s t-test with the statistical
computing software R.
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Fig. 4. Scanning electron microscope images of suckers of Sepia lycidas. A — the sucker of the hectocotyl-
ized part; B — the sucker of the corresponding arm (right arm). The left images show the suckers, and the
right images show magnified images of the sucker ring teeth. The upper side is the aboral side, and the lower

side is the oral side.

Puc. 4. Ilpucocku Sepia lycidas, ckanupyromas snekrponHas mukpockomus (CEM). A— npucocka rekToko-
THJIM3UPOBAHHON yacTH; B — mpucocka cooTBeTcTByIoMmIEi pykH (IpaBas pyka). Ha J1eBbIx n300paskeHIIX
TIOKa3aHbl MPUCOCKH, & HA PABBIX — yBEIMYCHHBIC H300paKeHHUs 3yO1I0B MPUCOCKU. BepxHsis ctopoHa —

abopasibHast, HIKHSSI — OpajibHasl.

Results

The shape of the sucker teeth differed be-
tween the hectocotylus and the arm. The sucker
teeth of the hectocotylus were observed to be
shorter and more obtuse in comparison to those

found on the arm (Fig. 4). The length and sharp-
ness of the sucker teeth on the hectocotylus did
not noticeably differ over the entire circumfer-
ence (Fig. 4A). Moreover, no statistically sig-
nificant differences were detected in the length
and sharpness of the sucker teeth between the
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Fig. 5. Morphological quantification of the sucker and sucker ring teeth. A — average length of the sucker
tooth on the oral and aboral sides of the hectocotylus and the arm; B — average sharpness (curvature radius)
of the sucker tooth on the oral and aboral sides of the hectocotylus and the arm; C — average diameter of
the sucker of the hectocotylus and the arm. The error bar represents the standard deviation. Single asterisk
indicates p < 0.05, and double asterisk indicates p < 0.01.

Abbreviations: o — oral side; a — aboral side.

Puc. 5. Mopdonoruyeckast KoTM4eCTBEHHAsE OLEHKA MPHCOCOK U 3yOLI0B MPUCOCOK. A — CpEIHSS JIHHA
3y0a MPUCOCKH Ha OpajbHOM M abOpabHOI CTOPOHAX TEKTOKOTHIIS U pyKH; B — cpenusist octpora (panu-
yC KPHBU3HEI) 3y0a MIPUCOCKH Ha OpabHOI M abopabHON CTOPOHAX TeKTOKOTHIIS U pyku; C — cpemHuit
JIMaMeTp MPUCOCKHU TeKTOKOTHIIS U PYKH. Jlnara3oH NOTrPEeLIHOCTEH TOKa3bIBaeT CTAaHAAPTHOE OTKIOHCHHE.
OnunHouHas 3Be31049Kka ooo3HauaeT p < 0,05, nBoiinas 3Be3nouka — p < 0,01.

O003HaueHUs: 0 — OpaJibHasi CTOPOHA; a — abopajbHas CTOPOHA.
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oral and aboral sides of the hectocotylus (Fig.
5A, B).

In contrast, the sucker teeth of the arm were
longer and sharper compared to those of the
hectocotylus (Fig. 4). Specifically, the arm’s
oral side exhibited shorter and more obtuse
teeth, whereas the aboral side displayed longer
and sharper teeth (Fig. 4B). These differences
were statistically significant (Fig. 5A; average
length of the sucker tooth; oral side: 2.01 +
0.85 [range] (average =+ standard error [range])
vs. aboral side: 4.90 = 1.42 [range]; t-test, p <
0.05, Fig. 5B; average sharpness of the sucker
tooth; oral side: 0.06 = 0.02 [range] (average +
standard error [range]) vs. aboral side: 0.03 +
0.02 [range]; t-test, p < 0.05).

Furthermore, the diameter ofthe hectocotylus
suckers was noticeably smaller in comparison
to those of the arm (Fig. 4), a difference that
proved to be statistically significant (Fig. 5C;
hectocotylus: 1.45 = 0.29 [range] (average +
standard error [range]) vs. arm: 2.30 + 0.36
[range]; t-test, p <0.01).”

Discussion

In this study, we first report that the shape
of sucker ring teeth of the hectocotylized part
of S. lycidas differs from that of the arm sucker.
The overall structure was typical of Sepiidae’s
suckers; it had a soft rim encircling the infun-
dibulum, within which was a ring with sucker
teeth (Nixon, Young, 2003). As the shape of
sucker ring teeth is known to have a relation
to its function (Nixon, Dilly, 1977; Okutani,
2010; Tsuchiya, 2013; Omura, Ikeda, 2022),
the morphological features of the sucker ring
teeth of the hectocotylus would be useful for
mating behavior. Possible adaptation strategies
are discussed below.

Firstly, the short and obtuse features of the
sucker teeth around the entire circumference
of the hectocotylized part would be suitable
for grasping spermatophores without hooking
and scratching and for smoothly transferring
them to a female. Generally, the sucker teeth of
decapodiforms (including cuttlefish) are used
to catch prey by hooking (Nixon, Dilly, 1977,
Okutani, 2010; Tsuchiya, 2013; Omura, Ikeda,
2022)and can damage prey oran enemy (Cerullo,
Roper, 2012). As for this hooking usage, the
sucker teeth of the control (non-hectocotylized)

arm were longer and sharper than those of the
hectocotylized part, and the teeth on the aboral
side are longer and sharper than those on the oral
side (Figs 4, 5) for holding prey and transferring
it to the mouth (Okutani, 2010). Comparing to
the longer and sharper sucker teeth, shorter and
more obtuse sucker teeth would not be suitable
for hooking. The hectocotylus is used for grasp-
ing spermatophores and pressing them against
the female during mating (Hanlon et al., 1999;
Wadaetal.,2010). Forthis usage, the sucker teeth
of the hectocotylus need to avoid hooking and
scratching in any direction when the hectocotylus
grasps the batch of spermatophores. Therefore,
the shorter and more obtuse features of the
sucker teeth around the entire circumference of
the hectocotylized part would be beneficial for
grasping spermatophores without damaging them
and for smoothly transferring them to a female.

Secondly, small-diameter suckers without
sharp hooking would enhance the hectocotylus’
ability to grasp spermatophores. In general, small
suckers without sharp hooking act as a non-slip
structure on a surface, enabling them to strongly
grasp and manipulate the batch of spermato-
phores effectively; such a structure appears in a
non-slip glove (David, 2002). Similarly, small
suckers on the hectocotylized part of S. lycidas
may aid in enhancing the control of grasping
and manipulating spermatophores. The existence
of small suckers on the hectocotylized part of
Sepiidae is consistent with the earlier report
about the macroanatomy of S. /ycidas (Sasaki,
1929) and other species of cuttlefish (Raid et al.,
2005; Nateewathana, 2008).

We analyzed the morphology of the sucker
ring teeth of the hectocotylus of S. lycidas and
discussed hypotheses for morphological adapta-
tions for mating behavior. Further investigations
ofthe mating behavior of S. /ycidas might support
our conclusions. First, whether the structure of the
hectocotylized sucker can grip spermatophores
without scratching them should be studied. The
firmness of spermatophores and gripping force
ofthe hectocotylus should be measured. Second,
verifying whether the hectocotylized sucker
functions effectively as an anti-slip device when
gripping spermatophores is needed. Observing
the surface structure of spermatophores and
measuring the friction and adhesion forces of the
hectocotylized sucker through experimental stud-
ies should be conducted. This study contributes
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to our understanding of the basic morphology
and mating strategies of cuttlefish.
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