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Abstract. Gastropods are considered model animals for studying the functioning
of the visual system. However, gaps remain in our knowledge of the gastropod
visual system itself, including the external and internal morphology of the
camera-like eyes. This study presents the first detailed examination of the
external morphology of the camera-like eye of the terrestrial pulmonate
gastropod Helix pomatia, using observations of intact animals, dissected eye
tentacles and isolated eyes, histological sections of eye tentacles, light and
scanning electron microscopy, traditional morphometrics, and statistical
analyses. The morphological characteristics of the eye of H. pomatia are
shown to be largely, but not completely, typical of terrestrial pulmonate
gastropods. Based on these characteristics, potential functions of the H. pomatia
eye were identified. This article is the first dedicated to the external morphology
of the camera-like eye of a gastropod.

Keywords: Helix pomatia, external morphology, molluscs, eye tentacle,
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AnHomayus. BproXoHOrne MOAAIOCKM PAacCMaTPMBAIOTCA KaK MOAEAbHbIe
JKVMBOTHbIE AAS U3Y4eHUS QYHKLVOHUPOBAHMS 3PUTEABHON crcTeMbl. OAHAKO
B HAlVX 3HAHUAX O 3PUTEABHOI CUCTEME CAMUX OPIOXOHOTMX MOAAIOCKOB,
B TOM YMCA€ O HapY)XHOII U BHYTPEHHEe MOPGOAOrUY KaMePHBIX rAas,
CYILLECTBYIOT IIpO0OeAbl. BriepBble Ipy MOMOLIM HAOAIOAEHVS 32 MHTaKTHBIMU
YKVBOTHBIMM, IIPUTOTOBAEHMSI IIPENapaTOB M30AVPOBAHHBIX I'AQ3HBIX IIyTIaA€L]
VI TAQ3 Y TUCTOAOTMYECKMX ITPENapaToB M30AMPOBAHHBIX TAA3HBIX LIYIIAALLl,
CBETOBOM U CKAaHMPYIOLell 9AeKTPOHHON! MUKPOCKONNHU, TPAAULIMOHHOM
MopdomeTpuu 1 pacyeTa CTATUCTUYECKUX IIOKA3aTEAEN IIOAPOOHO M3yyeHa
HapyXHasi MOP(OAOTIHs KAMEPHOT'O I'Aa3a Ha3€MHOT'O AETOYHOT'O OPIOXOHOTOTO
MoAarcka Helix pomatia. TlokazaHo, 4To MOpdoAOrniecKiie CBOICTBA raasa
H. pomatia sBASIOTCs B OOAbBILIEN CTENEHU, HO HE TIOAHOCTBIO, TUITUYHBIMU
AASI Ha3€MHBIX A€TOYHBIX OPIOXOHOIMX MOAAIOCKOB. Ha OCHOBe 13y4eHHBIX
MOopdOoAOTMUECKUX CBOCTB raasa H. pomatia onpeAeAeHbl ero BO3MOXXHbIE
¢dyukuuu. Hacrosiimas cTatbst — meppasi paboTa o Hapy>KHO Mopdoaorun
KaMepHOTI'0 rAa3a OPIOXOHOTOrO MOAAIOCKA.

Karouesote crosa: Helix pomatia, Hapy>xHass MOpPGOAOTMS, MOAAICKI,
rAQ3HOE IYMAABLe, IYIIaAbLIEBBIII MIHTET'YMEHT, FTAA3HOE SI0AOKO
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Introduction

All vertebrates and some invertebrates have
camera-like eyes. Across different levels of
evolutionary development, camera-like eyes
consist of five identical main components: the
cornea and sclera (or eye capsule); the retina;
the pupil; the crystalline lens; and the vitreous
body (Walls 1942; Land 1981; Land, Nilsson
2006; 2012; Shepeleva 2011a; 2011b; 2013;
2019; 2023; Nilsson 2021). Consequently, a
comparativeanalysis of camera-likeeyescanbe
undertaken for vertebrates and invertebrates
to identify similarities and differences
between them. Such analysis is particularly
necessary to establish invertebrates as model
organisms for studying the visual system.
This type of analysis has been carried out for
humans and terrestrial pulmonate gastropods
(Shepeleva 2013; 2018a; 2018b; 2018c¢; 2019;
2021a;2021b; 2025), as well as for humans and
jumping spiders (Shepeleva 2022). However,
a complete comparative analysis of camera-
like eyes between humans and terrestrial
pulmonate gastropods has not been possible
due to the lack of data on the eyes of this
molluscan group, including information on
eye morphology.

The group of terrestrial pulmonate gastropods
comprises at least 25,000 species (Schileyko
2016). Based on available publications, the
study of camera-like eye morphology in these
invertebrates began in earnest approximately
160 years ago (Lawson 1863). To date, the
number of terrestrial pulmonate gastropod
species in which eye morphology has been
studied to any extent is only 28 — a negligible
figure given the group’s diversity. Among
these species of molluscs, there is not a single
one for which eye morphology has been fully
documented, meaning that both external and
internal morphology have been completely
described. In all 28 species, eye morphology has
been studied incompletely; that is, external and
internal morphology are either both incomplete,
or only internal morphology is incomplete.

Specifically, incomplete data exist on
both external and internal eye morphology
for five species. For two of these, all five eye
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components have been studied (Oswaldo-
Cruz, Bernardes 1982; Shepeleva 2012), and
for three species, four components have been
studied (Lawson 1863; Henchman 1897;
Meisenheimer 1912; Rohlich, Torok 1963;
Schwalbach et al. 1963; Eakin et al. 1980;
Zaitseva 1992; 2000; 2016). For 23 species,
incomplete data exist only on internal eye
morphology:for12species,allfivecomponents
have been studied (Zunke 1979; Tamamaki,
Kawai 1983; Tamamaki 1989a; Zaitseva 2000;
2016; Bobkova et al. 2004a; 2004b; Shepeleva
2005a; 2005b; 2006a; 2006b; 2006c; 2007;
2008; 2010; 20145 2015; 2017; 2018d; 2018e;
2018f; 2020; 2021a; 2021c; 2021d; 2023;
Zieger et al. 2008), for three species, four
components (Eakin, Westfall 1964; Eakin,
Brandenburger 1967; 1975; Newell, Newell
1968; Mortensen, Eakin 1974; Brandenburger
1975; Chang et al. 1998; Zaitseva 2000; 2016),
for two species, three components (Jeong,
Lee 1994; Koralewska-Batura 1999), for one
species, two components (Kataoka 1975;
1977; Tamamaki 1989b) and for five species,
one component (Eakin, Brandenburger 1975;
Zaitseva 1992; 2000; 2016; Matsuo et al. 2017).
The external and internal morphology of
camera-like eyes in terrestrial pulmonate
gastropods has been investigated using
several methodological approaches. To study
external morphology across five species, one
species was examined using observation of
intact individuals, preparation of isolated
eye tentacles and isolated eyes, and light
microscopy (Lawson 1863); one species using
observation of intact individuals, preparation
of isolated eyes, light microscopy, and
traditional morphometrics (Shepeleva 2012);
and three species using only observation of
intact individuals (Meisenheimer 1912; Eakin
et al. 1980; Oswaldo-Cruz, Bernardes 1982).
To study internal morphology across 28
species, a variety of methods were employed.
In six species, these included preparation of
isolated eyes, isolated crystalline lenses, and
isolated vitreous bodies; histological sections
of isolated eyes or eye tentacles; light and
transmission electron microscopy; traditional
morphometrics; and calculation of statistical

https://www.doi.org/10.33910/2686-9519-2026-18-2-429-443



L P. Shepeleva

indicators (Shepeleva 2005a; 2006a; 2006b;
2006¢; 2007; 2010; 2017; 2018d; 2018e; 2018f;
2020; 2021a; 2021c; 2021d; 2023; Zieger
et al. 2008). In one species, preparation of
isolated eyes and isolated crystalline lenses,
histological sections of isolated eye tentacles,
light and transmission electron microscopy,
traditional morphometrics, and calculation
of statistical indicators were used (Zunke
1979; Shepeleva 2015; 2018e; 2018f; 2023).
In another species, the same techniques were
employed but without calculation of statistical
indicators (Lawson 1863; Henchman 1897;
Eakin, Brandenburger 1975; Zaitseva
2000; 2016). In three species, preparation
of isolated crystalline lenses, histological
sections of isolated eyes or eye tentacles,
light and transmission electron microscopy,
traditional morphometrics, and calculation of
statistical indicators were applied (Bobkova
et al. 2004a; Shepeleva 2005b; Zieger
etal. 2008). In one species, preparation of
isolated eyes and isolated crystalline lenses,
histological sections of isolated eye tentacles,
light microscopy, traditional morphometrics,
and calculation of statistical indicators were
used (Shepeleva 2008; 2014; 2018d; 2018e;
2018f; 2023). In one species, histological
sections of isolated eye tentacles, light and
transmission electron microscopy, traditional
morphometrics, and calculation of statistical
indicators were employed (Tamamaki, Kawai
1983; Tamamaki 1989a; Zaitseva 2000;
2016; Bobkova et al. 2004b). In ten species,
histological sections of isolated eyes or eye
tentacles, light and transmission electron
microscopy, and traditional morphometrics
were used (Meisenheimer 1912; Rohlich,
Torok 1963; Schwalbach et al. 1963; Eakin,
Westfall 1964; Eakin, Brandenburger 1967;
Newell, Newell 1968; Mortensen, Eakin 1974;
Brandenburger 1975; Kataoka 1975; 1977;
Eakin et al. 1980; Tamamaki 1989b; Zaitseva
1992; 2000; 2016; Chang et al. 1998). In one
species, histological sections of isolated eye
tentacles, light microscopy, and traditional
morphometrics were used (Oswaldo-Cruz,
Bernardes 1982). In two species, histological
sections of isolated eye tentacles, light
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and transmission electron microscopy
were employed (Jeong, Lee 1994; Matsuo
etal. 2017). In one species, preparation of
isolated eyes and isolated crystalline lenses
and light microscopy were used (Shepeleva
2012) and in one species, only histological
sections of isolated eye tentacles and light
microscopy were employed (Koralewska-
Batura 1999).

Analysis of published studies suggests that
the current limited knowledge of the external
and internal morphology of camera-like eyes
in terrestrial pulmonate gastropods is largely
attributable to the specific experimental
objectives of these studies, and to a lesser
extent to a lack of technical capabilities. It
may also be due to the very small size of the
eyes — often not exceeding 200 um — and the
even smaller size of their components in this
molluscan group (Shepeleva 2009a).

The aim of this study is to investigate
the external morphology of the camera-
like eye of the terrestrial pulmonate
gastropod  H. pomatia. = The  specific
objectives are: to determine whether the
morphological characteristics of the camera-
like eye of H. pomatia are typical of terrestrial
pulmonate gastropods; to ascertain the degree
to which the morphological characteristics of
the camera-like eye of H. pomatia are typical
of this group; and to identify the possible
functions of the camera-like eye of H. pomatia.

Material and methods

Animals

Nineteen adult specimens of the terrestrial
pulmonate gastropod Helix pomatia Linnaeus,
1758 (Stylommatophora: Helicidae) with a
shell height of 42—-45 mm were collected in
the Leningrad Oblast, Russia. The snails were
placed in two plastic baskets measuring 35 cm
long, 25 cm wide, and 13 cm high, containing 8
and 11 specimens, respectively. The molluscs
were maintained at room temperature under
natural light conditions and were fed carrots
and dandelion leaves.

Prior to the experiments, the snails were
placed in a refrigerator at 4 °C for about
15 min for cold anesthesia.
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The studies were conducted in accordance
with the International Guiding Principles
for Biomedical Research Involving Animals
developed by the Council for International
Organizations of Medical Sciences in 1985.

Observation of intact animals

Observation of intact molluscs was carried
out directly by the author under natural
conditions.

Preparation of isolated eye tentacles and
light microscopy

For light microscopy, preparations of
isolated eye tentacles were made by separating
the upper portion of the eye tentacles
containing the eyes from the remainder of
the eye tentacles that lacked eyes. Dissecting
scissors and saline solution were used. The
resulting preparations were examined under a
Leica M205 FA fluorescent stereomicroscope
(Leica Microsystems, Wetzlar, Germany)
and photographed with a Leica DFC365 FX
digital camera (Leica Microsystems, Wetzlar,
Germany). Twelve preparations of isolated
eye tentacles from six molluscs were prepared
and examined.

Histological preparation of isolated eye
tentacles and scanning electron microscopy

For scanning electron microscopy,
preparations of isolated eye tentacles were
made in the same manner as for light
microscopy. The preparations were fixed in
a 2.5 % solution of glutaraldehyde in 0.1 M
cacodylate buffer (pH=8.0) for 2 h at 4 °C,
washed with buffer,and dehydrated ina graded
series of alcohols of increasing concentration.
The preparations were then dried by critical
point drying using CO, for 2 h in a Leica
EM CPD300 (Leica Microsystems, Wetzlar,
Germany), mounted on an aluminum stub,
and sputter-coated with a 20 nm thick layer
of gold for 30 min in a Leica EM SCD500
(Leica Microsystems, Wetzlar, Germany).
The resulting preparations were examined
and photographed using a JEOL JCM-5000
NeoScope scanning electron microscope
(JEOL, Tokyo, Japan). Four preparations of
isolated eye tentacles from two molluscs were
prepared and examined. All preparations of
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isolated eye tentacles were obtained from new
molluscs.

Preparation of isolated eyes and light
microscopy

For light microscopy, preparations of
isolated eyes were made from preparations
of isolated eye tentacles by dissecting the
eyes together with the optic nerves from
the surrounding tissues of the eye tentacles
using dissecting needles and saline solution.
The preparations were examined under a
Leica M205 FA fluorescent stereomicroscope
(Leica Microsystems, Wetzlar, Germany)
and photographed with a Leica DFC365
FX digital camera (Leica Microsystems,
Wetzlar, Germany). Twelve preparations of
isolated eyes were made and studied from
12 preparations of isolated eye tentacles
obtained from six molluscs. All preparations
of isolated eyes were made from the same
preparations of isolated eye tentacles and
the same molluscs described in the section
‘Preparation of isolated eye tentacles and light
microscopy.

Histological preparation of isolated eye
tentacles and light microscopy

For light microscopy, histological sections
of isolated eye tentacles were prepared from
preparations of isolated eye tentacles using the
following technique. The preparations were
fixed in a 2.5 % solution of glutaraldehyde in
0.1 M cacodylate buffer (pH = 8.0) for 2 h at
4 °C and washed with buffer, then fixed in a
1 % solution of osmium tetroxide in the same
buffer for 1 h at 4 °C and washed with distilled
water. The preparations were subsequently
dehydrated in a graded series of alcohols of
increasing concentration, infiltrated with
absolute acetone and a mixture of acetone
and Embed 812 epoxy resin (EMS, Hatfield,
USA), and embedded in Embed 812. Semithin
sections (1.5 pm) were cut using glass knives
on a Leica EM UC7 ultramicrotome (Leica
Microsystems, Wetzlar, Germany), stained
with a 0.5 % solution of toluidine blue with
the addition of 1 % sodium carbonate, and
mounted under a coverslip using Bio Mount
HM (Bio Optica, Milano, Italy). The resulting

https://www.doi.org/10.33910/2686-9519-2026-18-2-429-443



L P. Shepeleva

500 pm

Fig. 1. Photograph of an extended isolated eye tentacle of Helix pomatia obtained using light
microscopy. Abbreviations: e — eye, tet — tip of the eye tentacle

Puc. 1. ®otorpadus nmpenapara BBITIHYTOIO M30AMPOBAHHOTO T'AQ3HOIO IyrnaAbLa Helix
pomatia, MOAyYeHHas IIPY IIOMOLIY CBETOBOI'O MUKPOCKOIIA: € — IAas3; tel — KOHUYMK I'Aa3HOT O

IyITaAbLA

preparations were examined under a Leica
DMI 6000 inverted fluorescence microscope
(Leica Microsystems, Wetzlar, Germany)
and photographed with a Leica DFC360 FX
digital camera (Leica Microsystems, Wetzlar,
Germany). Approximately 2,340 semithin
sections of eye tentacles from 22 eye tentacles
obtained from 11 molluscs were prepared
and examined. All semithin sections of eye
tentacles were made from new preparations
of isolated eye tentacles from new molluscs.

Traditional morphometrics

Measurements were performed on
photographs of semithin sections of eye
tentacles passing through the center of the
eyes. Twenty measurements of eye size (10
measurements along the anteroposterior
axis and 10 along the horizontal axis) were
carried out on 10 semithin sections of eye

Amurian Zoological Journal, 2026, vol. XVIII, no. 2

tentacles from 10 eye tentacles obtained from
at least five molluscs. The exact number of
molluscs cannot be given, as 10 eye tentacles
were selected from a total of 22 eye tentacles
obtained from 11 molluscs.

Calculation of statistical indicators

Mean values of the obtained morphometric
data and their standard deviations were

calculated  using  standard  formulas
(Lakin 1990).

Results
Morphological characteristics of the

camera-like eye of Helix pomatia

Observation of intact specimens, together
with the study of preparations of isolated eye
tentacles and histological preparations of
isolated eye tentacles of H. pomatia, reveals
the following. A pair of camera-like eyes is
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Fig. 2. Photograph of the tip of an extended isolated eye tentacle of Helix pomatia obtained
using light microscopy. Abbreviations: as — anterior portion of the eye, e — eye, ps —
posterior portion of the eye, tet — tip of the eye tentacle

Puc. 2. ®oTorpacdust KOHYMKA TpenapaTa BbITSHYTOIO M30AMPOBAHHOIO TAQ3HOTO LIyIIaAbLIA
Helix pomatia, moAy4eHHasi Ipy MOMOIIY CBETOBOIO MUKPOCKOIIA: dS — TIEPEAHUI OTAEA
TAa3a; e — IAas; ps — 3aAHUI OTAEA TA33; tet — KOHYMK AQ3HOTO IyIaAbLia

located at the tips of one of the two pairs of
cephalic tentacles — the upper pair (Fig. 1).
The eyes are situated inside the upper part
of the tentacles and are completely isolated
from the environment (Figs. 1, 2). The
anterior, smaller portion of the eyes, which
is adapted for light penetration, is covered
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by a transparent, colorless integument of the
tentacles (Fig. 2). The posterior, larger portion
of the eyes, which is not adapted for light
penetration, is surrounded by the internal
structures of the tentacles and covered by a
translucent, gray-brown integument of the
tentacles (Fig. 2).
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500 pm

Fig. 3. Scanning electron micrographs of partially retracted isolated cephalic tentacles of Helix
pomatia. A — partially retracted isolated eye tentacle with a visible eye area. B — tip of a
partially retracted isolated eye tentacle with a visible eye area. C — partially retracted isolated
eye tentacle with the eye area no longer visible. D — tip of a partially retracted isolated eye
tentacle with the eye area no longer visible. Abbreviations: ea — eye area, tet — tip of the eye
tentacle. The arrow indicates the region of the tentacle inside which the eye is located.

Puc. 3. ®otorpadpuu mnpenapaToB 4aCTUYHO COKPATMBIIMXCS M30AMPOBAHHBIX TAa3HBIX
wynaaeyy Helix pomatia, TOAyuyeHHble TIpY TIOMOINM CKaHUPYIOLIET0 3AEKTPOHHOIO
MMKpOCKOINa: A — YacTMYHO COKpaTMBlIeecs M30AMPOBAHHOE TAa3HOe IyIaAblie, Ha
KOTOPOM ellje BUAHA 00AaCTh raa3a; B— KOHYMK YaCTMYHO COKPATUBILETOCSI MU30AVPOBAHHOTO
TAQ3HOTO LIYIIaAbL[a, HA KOTOPOM ellje BUAHA 00AacTb raa3a; C — 4aCTUYHO COKpaTMBILIEECs
M30AMPOBAHHOE TAa3HOE LIYIaAbLie, HA KOTOPOM 00AACTb rAa3a y>ke He BUAHA; D — KOHYMK
YaCTUYHO COKPATMBLIETOCSI M30AMPOBAHHOIO TAA3HOTO LIYIAAbLIA, HA KOTOPOM OOAACTh
raasa y)e He BMAHA; ed — 00AaCTb Iraasa; fef — KOHYMK TAAQ3HOTO LIYIAABLIA, CTPEAKa
MOKa3bIBaeT 00AACTD LYIIAAbLIA, BHYTPY KOTOPOI HAXOAUTCSI TAQ3

Observation of intact specimens, combined
with analysis of preparations of isolated eye
tentacles and histological preparations of
isolated eye tentacles of H. pomatia, shows
that, depending on the state of the tentacles,

Amurian Zoological Journal, 2026, vol. XVIII, no. 2

of which there are three, the camera-like
eyes exhibit two established types of spatial
orientation. In extended tentacles, the
anterior portion of the eyes faces the tip of
the tentacles (Figs. 1, 2). In partially retracted
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ap

PPPP

219.8 um

291.2 uym

Fig. 4. Schematic diagram of the camera-like eye of Helix pomatia. Abbreviations: ap —
anterior portion of the eye, cppp — central part of the posterior portion of the eye, pppp —
peripheral part of the posterior portion of the eye

Puc. 4. CxematnuHoe n3o0pakeHne KaMepHOTo raasa Helix pomatia: ap — nepeaHUIT OTAEA
rAa3a; cppp — LIEHTPAAbHAs YaCTh 3aAHETO OTAeAQ IAa3a; pppp — nepudepudeckas 4acTb

3aAHETrO OTAEAA rAa3a

tentacles (Fig. 3), the eyes are deployed such
that their anterior portion is directed toward
the wall of the tentacles. In fully retracted
tentacles, it was not possible to determine the
spatial orientation of the eyes.

Examination of preparations of isolated
eyes of H. pomatia indicates that the paired
camera-like eye consists of a single eyeball as
the main structure.

Viewing preparations of isolated eyes
of H. pomatia demonstrates that the camera-like
eye has the shape of an oblate ellipsoid (Fig. 4).

According to morphometric data obtained
for H. pomatia, the size of the camera-
like eye is 219.8+10.1 pm (#=10) along the
anteroposterior axis and 291.2+25.8 pm
(n=10) along the horizontal axis (values are
presented as mean +* standard deviation, n —
number of eyes) (Fig. 4).
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Observation of intact specimens of
H. pomatia reveals that the camera-like eye
appears as a black structure. The study of
preparations of isolated eye tentacles and
isolated eyes of H. pomatia suggests that
the pigment within the camera-like eye is
unevenly distributed. The anterior portion
of the eye is completely transparent and
colorless (Figs. 2, 4). The posterior portion of
the eye can be divided into two parts based
on location, size, transparency, and color: the
central part, located inside the eye, is large,
opaque and black in color; the peripheral
part, located along the border of the eye, is
smaller, completely transparent, and colorless
(Figs. 2, 4). The observed pattern of pigment
distribution combines completely transparent,
colorless areas with an opaque, black area,
resulting in the eye appearing black overall.

https://www.doi.org/10.33910/2686-9519-2026-18-2-429-443



L P. Shepeleva

Discussion

Morphological characteristics of the
camera-like eye of Helix pomatia

A pair of camera-like eyes of H. pomatia
is located at the tips of the upper pair of
cephalic tentacles. The eyes are situated
inside the upper part of the tentacles,
completely isolated from the environment.
The anterior, smaller portion of the eyes,
adapted for light penetration, is covered
by a transparent, colorless integument of
the tentacles. The posterior, larger portion
of the eyes, which is not adapted for light
penetration, is surrounded by internal
structures of the tentacles and covered by a
translucent, gray-brown integument of the
tentacles. This location of the camera-like eye
in H. pomatia is consistent with that observed
in other terrestrial pulmonate gastropods.
A pair of camera-like eyes in this group is
invariably located at the tips of the upper pair
of cephalic tentacles, as documented in Helix
aspersa Miller, 1774 (Eakin, Brandenburger
1975) and Limax maximus Linnaeus, 1758
(Lawson 1863). Although the precise position
of the eyes within the upper tentacles has not
been determined for all species, unpublished
data from the author, obtained during the
preparation and examination of isolated eye
tentacles of molluscs, indicate that the eyes
occupy a consistent position: inside the upper
part of the tentacles, completely isolated from
the environment, as observed in Helix lucorum
Linnaeus, 1758 (Shepeleva 2012) and Succinea
putris Linnaeus, 1758 (Shepeleva 2015). In
these species, the anterior, smaller portion of
the eyes, adapted for receiving light, is covered
by a transparent, colorless integument of the
tentacles, while the posterior, larger portion
of the eyes, not adapted for light reception,
is enveloped by the internal structures of the
tentacles and covered by a translucent, gray-
brown integument of the tentacles. Thus, the
location of the camera-like eye of H. pomatia
is identical to that found in other terrestrial
pulmonate gastropods.

In H. pomatia, depending on the state of
the tentacles, of which there are three, the
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camera-like eyes exhibit two established types
of spatial orientation. In extended tentacles,
the anterior portion of the eyes faces the tip of
the tentacles. In partially retracted tentacles, it
is directed toward the wall of the tentacles. In
fully retracted tentacles, the spatial orientation
of the eyes has not been established. Among
terrestrial pulmonate gastropods, depending
on tentacle state, two groups of spatial
orientation types have been identified: those
with two orientation types (toward the tip
of the tentacles and toward the wall of the
tentacles) and those with one orientation type
(toward the tip of the tentacles only) (Burch
1968; Eakin et al. 1980; Zaitseva 2004). Most
mollusc species exhibit two types of spatial
orientation. Although the spatial orientation
in extended tentacles has not always
been explicitly considered, examination
of drawings from semithin sections of
eye tentacles suggests that in extended
tentacles, the anterior portion of the eyes is
directed toward the tentacle tip, as shown in
Agriolimax reticulatus Miller, 1774 (Newell,
Newell 1968) and Achatina fulica Bowdich,
1822 (Tamamaki 1989a). In partially retracted
tentacles, invagination and inversion of the
tentacle tip occur, causing the eyes to change
their spatial orientation (Burch 1968; Eakin
et al. 1980; Zaitseva 2004). This phenomenon
has been described and illustrated for two
species — A. reticulatus (Newell, Newell
1968) and A. fulica (Tamamaki 1989a). In
both these species, the anterior portion of the
eyes turns toward the tentacle wall at nearly a
right angle (Newell, Newell 1968; Tamamaki
1989a). In fully retracted tentacles, the
spatial orientation of the eyes has not been
described. In some mollusc species, only one
type of spatial orientation has been identified.
In extended tentacles, the anterior portion of
the eyes is directed toward the tentacle tip,
as in Athoracophorus bitentaculatus Quoy et
Gaimard, 1832 (Eakin et al. 1980). In partially
retracted tentacles, invagination and inversion
do not occur, so the eyes retain their spatial
orientation. In fully retracted tentacles, the
spatial orientation repeats that of extended
and partially retracted tentacles (Eakin
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et al. 1980). Thus, the spatial orientation of
the camera-like eye in H. pomatia is similar to
that observed in other terrestrial pulmonate
gastropods.

The paired camera-like eye of H. pomatia
consists of a single eyeball — the main one. In
terrestrial pulmonate gastropods the paired
camera-like eye exhibits two structural variants:
a single eyeball (the main one) or two eyeballs
(main and accessory). Many mollusc species
possess a pair of eyes, each formed by a single
eyeball, as in Helix albescens Rossmasler, 1839
(Zaitseva 1992; 2000; 2016) and Cochlodina
laminata Montagu, 1803 (Shepeleva 2006a).
Fewer species are known to possess a pair of
eyes, each formed by two eyeballs. These include
representatives of different life forms, both
snails and slugs. Among snails, only one species
is known — A. fulica (Tamamaki, Kawai 1983;
Tamamaki 1989a). Among slugs, several
species have been documented: L. maximus
(Henchman 1987), A. reticulatus (Newell,
Newell 1968), Limacus flavus Linnaeus, 1758
(Kataoka 1977; Tamamaki 1989b),and Deroceras
agreste Linnaeus, 1758 (Zieger et al.2008).
Thus, the structure of the camera-like eye of
H. pomatia corresponds to that found in other
terrestrial pulmonate gastropods.

In H. pomatia, the camera-like eyeis shaped
as an oblate ellipsoid. Among terrestrial
pulmonate gastropods, camera-like eyes
exhibit four shapes: oblate ellipsoid; prolate
ellipsoid; irregular, and normal spheroid
(Shepeleva 2013; 2019). The most common
shape is the oblate ellipsoid, as seen in
Helicigona lapicida Linnaeus, 1758 (Shepeleva
2006b). The prolate ellipsoid is somewhat less
common, as in Arianta arbustorum Linnaeus,
1758 (Shepeleva 2006c). Irregular shapes are
sometimes observed, typically due to the
presence of an accessory eyeball, asin L. flavus
(Tamamaki 1989b). The least common shape
is the normal spheroid, as in Strophoheilus sp.
(Oswaldo-Cruz, Bernardes 1982). Thus, the
shape of the camera-like eye in H. pomatia
is consistent with that found in many other
terrestrial pulmonate gastropods.

The size of the camera-like eye of H. pomatia
is 219.8 pm along the anteroposterior axis
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and 291.2 pm along the horizontal axis.
According to calculations performed in this
study, the size of the camera-like eyes among
terrestrial pulmonate gastropods with an
oblate ellipsoid shape varies by a factor of 1.5
along the anteroposterior axis and 1.4 along
the horizontal axis. The maximum eye size
reaches 199 um along the anteroposterior
axis and 270 pm along the horizontal axis,
as in Monachoides incarnata Miller, 1774
(Shepeleva 2006a). The minimum eye size
is 130 um along the anteroposterior axis
and 190 pm along the horizontal axis, as in
Trochulus hispidus Linnaeus, 1758 from
southern Sweden (Shepeleva 2008). Thus,
the size of the camera-like eye of H. pomatia
with the oblate ellipsoid shape is not directly
comparable in magnitude to that of other
terrestrial pulmonate gastropods with the
same shape.

In H. pomatia, the camera-like eye of
intact individuals appears as a black structure.
The pigment within the eye is unevenly
distributed. The anterior portion of the eye
is completely transparent and colorless. The
posterior portion of the eye can be divided
into two parts based on location, size,
transparency, and color: the central part,
located inside the eye, is large, opaque, and
black in color; the peripheral part, located
along the border of the eye, is smaller,
completely transparent, and colorless. This
pattern of pigment distribution — combining
completely transparent, colorless areas
with an opaque, black area — results in the
eye appearing black overall. In terrestrial
pulmonate gastropods, the camera-like eyes
of intact individuals are uniformly black, as
observed in H. lucorum (Shepeleva 2012) and
Cepaea hortensis Miiller, 1774 (Shepeleva
2017). Although pigment distribution in the
eyes of terrestrial pulmonate gastropods has
not been systematically studied, analysis of
photographs from isolated eye preparations
indicates a single pattern of uneven
distribution, as seen in H. [ucorum (Shepeleva
2012) and T hispidus from southern Sweden
(Shepeleva 2008). In these species, the
anterior portion of the eyes is completely
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Table 1
Morphological characteristics of the camera-like eye of Helix pomatia

TabAuma 1
Mopdoaroruyeckue cBoiicTBa KaMepHoro raasa Helix pomatia

Characteristic Helix pomatia

At the tips of the upper pair of head tentacles and
inside the upper part of the tentacles in complete
isolation from the environment: the anterior,
smaller portion of the eye, which is adapted for
light penetration, is covered by the transparent,
colorless integument of the tentacles; the
posterior, larger portion of the eye, which is not
adapted for light penetration, is surrounded by the
internal structures of the tentacles and covered
by the translucent, gray-brown integument of the
tentacles.

Two established types: in extended tentacles,
the anterior portion of the eye faces the tip of
the tentacles; in partially retracted tentacles, the
anterior portion of the eye is directed toward the
wall of the tentacles; in fully retracted tentacles,
it was not possible to determine the spatial
orientation of the eye.

Consists of a single eyeball (the main one).
Oblate ellipsoid.
219.8+10.1 x 291.2+ 25.8 um (#=10)

Black: the anterior portion of the eye is completely
transparent and colorless; the posterior portion
of the eye can be divided into two parts based on
location, size, transparency, and color: the central
part, located inside the eye, is large, opaque, and
black in color; the peripheral part, located along
the border of the eye, is smaller, completely
transparent, and colorless.

Location

Spatial orientation

Structure
Shape
Size (anteroposterior x horizontal axis)

Color

transparent and colorless, while the posterior
portion can be divided into a large, opaque,
black central part and a smaller, completely
transparent, colorless peripheral part along
the perimeter of the eyes. Thus, the color and
pigment distribution of the camera-type eye
in H. pomatia are identical to those observed
in other terrestrial pulmonate gastropods.

Possible functions of the camera-like eye of
Helix pomatia

The morphological characteristics of the
camera-like eye of H. pomatia examined in this
study suggest that for this mollusc, the eye may
perform the following functions: determining
the light intensity and determining light
direction when the tentacle is extended.
These proposed functions are consistent
with published data on the functions of the
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camera-like eye in H. pomatia (Willém 1892)
and in other terrestrial pulmonate gastropods
(Wheeler 1921; Newell, Newell 1968; Gal
etal. 2004; Shepeleva 2006¢c; 2009b; Zieger
et al. 2008).

Conclusion

In this study, the external morphology of the
camera-like eye of the terrestrial pulmonate
gastropod H. pomatia was examined in detail
for the first time. The following morphological
characteristics of the eye were investigated:
location, spatial orientation, structure, shape,
size, and color (Table 1). These properties
were compared with the corresponding known
or independently assessed morphological
characteristics of camera-like eyes from other
terrestrial pulmonate gastropod species. Of
the six, all were comparable: five properties
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are typical of terrestrial pulmonate gastropods,
while one property is atypical. Thus, the
morphological characteristics of the camera-
like eye of H. pomatia are largely, but not entirely,
typical of terrestrial pulmonate gastropods.
Additionally, based on the morphological
characteristics studied, potential functions
of the camera-like eye of H. pomatia were
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