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Abstract. For the first time, the internal morphology of the camera-like eye
of the terrestrial pulmonate gastropod Helix pomatia, namely the general
morphology of the retina, was studied in detail using light and transmission
electron microscopy. In total, 13 general morphological properties of the
H. pomatia retina were studied, of which 11 properties were examined for
the first time. It was shown that the general morphological properties of the
retina of H. pomatia, which are available for comparison with the corresponding
properties of the retina of other species of terrestrial pulmonate gastropods,
are completely typical for them. The remaining properties were studied for
the first time in terrestrial pulmonate gastropods. Based on the studied general
morphological properties of the retina of H. pomatia, including for the first
time for terrestrial pulmonate gastropods, its possible functions were identified.
This is the first article on the general morphology of the retina of the camera-
like eye of a gastropod.
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AnHomauyus. BiepBble Ipy MOMOIIM CBETOBOU U TPAHCMMCCUOHHON
9AEKTPOHHOJ MUKPOCKOIM IIOAPOOHO M3yueHa BHYTPEHH MOPOAOTHS
KaMepHOrO raa3a Ha3eMHOI'O A€rOYHOr0 OPIOXOHOTOro MOAACKa Helix
pomatia, a uMeHHO ob1as MopdoAorusi ceryatku. Beero nayueHo 13 o6mmx
MOpP(hOAOrUYECKUX CBOVICTB ceTyatku H. pomatia, u3 Hux 11 cBOCTB —
BrepBbie. [TokazaHo, 4To 001[Me MOPHOAOTMIECKI e CBOMCTBA CETYATKU
H. pomatia, KoTopble AOCTYIIHBI AASI CPAaBHEHNSI C COOTBETCTBYIOIIVMU
CBOVICTBAMU CETYATKU APYTMX BMAOB Ha3€MHBIX AETOYHBIX OPIOXOHOTUX
MOAAIOCKOB, SIBASIFOTCS IOAHOCTBIO TUIIMYHBIMU AASI HUX. OCTaAbHBIE CBOJICTBA
V3y4eHbI BIIEPBble Y HA3€MHBIX AETOYHBIX OPIOXOHOTMX MOAAKCKOB. Ha
OCHOBeE U3Y4€HHBIX 0011IX MOPGOAOTMYECKUX CBOVCTB ceTyaTtku H. pomatia,
B TOM YUCA€ BIIEPBbIE AASI HA3€MHBIX AETOYHBIX OPIOXOHOIMX MOAAKCKOB,
OIpeAeAeHbl ee BO3MOXKHbIe PpyHKUMM. DTO 1epBasi cTaTbs 00 o01en
MOPGHOAOTUY CETYATKM KAMEPHOTO rAa3a OPIOXOHOTOr0 MOAACKA.

Karoueswre crosa: Helix pomatia, MOAAIOCKY, MOPDOAOTYSI, HE3PUTEABHAS
4aCcTb CETYATKY, 3PUTEAbHAs YaCTb CETUATKMU, SNIMTEANAAbHAS TKAaHb
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Introduction

In terrestrial pulmonate gastropods, the
camera-like eyes are located inside the tips of
the upper pair of head tentacles, where they are
surrounded by tentacle tissues (Lawson 1863;
Meisenheimer 1912; Likharev, Rammelmeyer
1952; Runham, Hunter 1970; Oswaldo-Cruz,
Bernardes 1982). These tissues are completely
transparent in front of the anterior section of
the eyes, through which light penetrates into
the eyes. Light passes through the outer shell
of the eyes — the cornea and the eye capsule,
the vitreous body, the crystalline lens, the vit-
reous body again, and hits the inner shell of
the eyes — the retina (Lawson 1863; Meisen-
heimer 1912; Land 1981; Messenger 1981; Os-
waldo-Cruz, Bernardes 1982; Shepeleva 2011;
2013; 2019; 2021a). The retina combines the
light-sensitive and light-insulating apparatus
of the eyes (Lawson 1863; Eakin et al. 1980;
Land 1981; Messenger 1981; Shepeleva 2011;
2019; 2020; 2021b; 2021c). An analysis of the
literature on the structure of the camera-
like eyes of terrestrial pulmonate gastropods
shows that out of 25,000 known species (Schi-
leyko 2016), the morphology of the retina has
been studied to some extent in only 28 spe-
cies (Henchman 1897; Meisenheimer 1912;
Rohlich, Torok 1963; Schwalbach et al. 1963;
Eakin, Brandenburger 1967; 1975a; 1975b;
Newell, Newell 1968; Brandenburger 1975;
Kataoka 1975; Zunke 1979; Eakin et al. 1980;
Oswaldo-Cruz, Bernardes 1982; Tamamaki,
Kawai 1983; Zaitseva 1992; 2000; 2016; Jeong,
Lee 1994; Chang etal. 1998; Koralewska-
Batura 1999; Bobkova et al. 2004a; 2004b;
Zieger etal. 2008; Shepeleva 2005; 2006a;
2006b; 2006c; 2007; 2008; 2010; 2012; 2014;
2015; 2017; 2020; 2021b; 2021c; 2026; Matsuo
et al. 2017). Of these 28 species of mollusks,
the morphology of the retina has not been
fully studied in any species.

To study the morphology of the retina of
the camera-like eyes of terrestrial pulmonate
gastropods, different sets of methods were
used. Thus, for six species, making prepara-
tions of isolated eyes and histological prepara-
tions of isolated eyes/eye tentacles, light and
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transmission electron microscopy, traditional
morphometrics, and calculation of statistical
indicators were used (Shepeleva 2005; 2006a;
2006b; 2006¢; 2007; 2010; 2017; 2020; 2021b;
2021c¢; Zieger et al. 2008), for six species —
making histological preparations of isolated
eyes/eye tentacles, light and transmission
electron microscopy, traditional morphomet-
rics, and calculation of statistical indicators
(Meisenheimer 1912; Rohlich, Torok 1963;
Schwalbach et al. 1963; Zunke 1979; Tama-
maki, Kawai 1983; Zaitseva 1992; 2000; 2016;
Bobkova et al. 2004a; 2004b; Zieger et al. 2008;
Shepeleva 2015; 2026), for ten species — mak-
ing histological preparations of isolated eyes/
eye tentacles, light and transmission electron
microscopy, and traditional morphomet-
rics (Henchman 1897; Eakin, Brandenburger
1967; 1975a; 1975b; Newell, Newell 1968;
Brandenburger 1975; Kataoka 1975; Eakin
et al. 1980; Zaitseva 1992; 2000; 2016; Chang
et al. 1998), for one species — making histo-
logical preparations of isolated eye tentacles,
light microscopy, traditional morphometrics,
and calculation of statistical indicators (She-
peleva 2008; 2014), for one species — making
histological preparations of isolated eye ten-
tacles, light microscopy, and traditional mor-
phometrics (Oswaldo-Cruz, Bernardes 1982),
for two species — making histological prep-
arations of isolated eye tentacles, light and
transmission electron microscopy (Jeong, Lee
1994; Matsuo et al. 2017), for one species —
making preparations of isolated eyes and light
microscopy (Shepeleva 2012), and for one
species — making histological preparations
of isolated eye tentacles and light microscopy
(Koralewska-Batura 1999). An analysis of the
cited works suggests that the lack of data on
the morphology of the retina of the camera-
like eyes of terrestrial pulmonate gastropods
is due not so much to the lack of technical
capabilities for conducting the relevant stud-
ies, as to the experimental objectives of these
studies. In addition, this may be due to the
very small size of the retina in terrestrial pul-
monate gastropods. Of the species studied,
retinal thickness was measured in only one
species — Strophoheilus sp. In the thickest
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central part, it is 60 um (Oswaldo-Cruz, Ber-
nardes 1982).

The purpose of the work is to study the
internal morphology of the camera-like eye
of the terrestrial pulmonate gastropod Helix
pomatia, namely the general morphology of
the retina. Objectives of the work: to identi-
fy whether the general morphological prop-
erties of the retina of the camera-like eye of
H. pomatia are typical of terrestrial pulmo-
nate gastropods; to identify to what extent the
general morphological properties of the ret-
ina of the camera-like eye of H. pomatia are
typical of terrestrial pulmonate gastropods; to
identify the possible functions of the retina of
the camera-like eye of H. pomatia.

Material and methods

Animals

Seventeen adult specimens of the terres-
trial pulmonate gastropod Helix pomatia
Linnaeus, 1758 (Heterobranchia: Stylomma-
tophora) were collected in the Leningrad Re-
gion of Russia. They had a shell height of 42 to
45 mm. All snails were placed in two plastic
baskets 35 cm long, 25 cm wide, and 13 ¢cm
high for six and 11 specimens, respectively.
The mollusks were kept at room temperature
and natural light conditions. They were fed
carrots and dandelion leaves.

Before the experiments, the snails were
kept in a refrigerator at 4 °C for about 15 min
for cold anesthesia.

The studies were carried out in accordance
with the International Guiding Principles for
Biomedical Research Involving Animals, de-
veloped by the Council for International Or-
ganizations of Medical Sciences in 1985.

Making preparations of isolated eye tenta-
cles and light microscopy

For light microscopy, preparations of iso-
lated eye tentacles were made by cutting of
the upper part of the eye tentacles with the
eyes. The obtained preparations were studied
under a Leica M205 FA fluorescent stereo-
microscope (Leica Microsystems, Wetzlar,
Germany) and photographed with a Leica
DFC365 FX digital camera (Leica Microsys-
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tems, Wetzlar, Germany). Twelve prepara-
tions of isolated eye tentacles from six mol-
lusks were made and studied.

Making preparations of isolated eyes and
light microscopy

For light microscopy, preparations of iso-
lated eyes were made from preparations of
isolated eye tentacles by separating the eyes
from the tissues of the eye tentacles. The
preparations were made and studied under a
Leica M205 FA fluorescent stereomicroscope
(Leica Microsystems, Wetzlar, Germany) and
photographed with a Leica DFC365 FX digital
camera (Leica Microsystems, Wetzlar, Ger-
many). Twelve preparations of isolated eyes
from 12 preparations of isolated eye tentacles
from six mollusks were made and studied. All
preparations of isolated eyes were made from
the same preparations of isolated eye tenta-
cles from the same mollusks described above.

Making histological preparations of iso-
lated eye tentacles, light and transmission
electron microscopy

For light and transmission electron mi-
croscopy, histological preparations of iso-
lated eye tentacles were made from prepa-
rations of isolated eye tentacles. The prep-
arations were fixed in a 2.5 % solution of
glutaraldehyde on 0.1 M cacodylate buffer
(pH = 8.0) for 2 h at 4 °C and in a 1 % solu-
tion of osmium tetraoxide on the same buffer
for 1 h at 4 °C, dehydrated in a series of al-
cohols of increasing concentration, impreg-
nated with absolute acetone and a mixture of
acetone and epoxy resin Embed 812 (EMS,
Hatfield, USA), and filled with Embed 812.
Semithin (1.5 pm) and ultrathin (70 nm) sec-
tions were cut with glass knives on a Leica
EM UC7 ultramicrotome (Leica Microsys-
tems, Wetzlar, Germany). Semithin sections
were stained with 0.5 % toluidine blue solu-
tion and enclosed under a cover glass using
Bio Mount HM (Bio Optica, Milano, Italy).
The obtained preparations were studied un-
der a Leica DMI 6000 inverter fluorescence
microscope (Leica Microsystems, Wetzlar,
Germany) and photographed with a Leica
DFC360 FX digital camera (Leica Micro-
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Fig. 1. Photograph of a longitudinal semithin section of the camera-like eye of Helix pomatia,
obtained using a light microscope: blr — area of the basal lamina of the retina; ¢ — cornea;
cl — crystalline lens; cor — central region of the optic part of the retina; ec — eye capsule;
er — edge of the retina; innlr — the inner layer of the retina; intlr — the intermediate layer of
the retina; /lr — light-sensitive layer of the retina; nr — non-optic part of the retina; outlr —
the outer layer of the retina; por — peripheral region of the optic part of the retina; ti —
tentacular integument. Asterisks indicate the apical surface of the supporting cells in the
non-optic part and the vertices of the photoreceptor cells in the optic part of the retina

Puc. 1. ®otorpadus nmpoAOAbHOTO MOAYTOHKOTO Cpe3a KaMepHOro raasa Helix pomatia,
MOAYYeHHasl TPV IIOMOIIM CBETOBOTO MUKpOcCKona: blr — o6AacTb 6a3aAbHOM MAACTUHKU
CeTYaTKW; ¢ — POTOBULIA; ¢/ — XPYCTaAUK; COr — LIeHTPaAbHasl 00AaCTbh 3pUTEABHOM YaCTU
CeTYaTKM; ec — IAA3Hasl KAIICyAQ; er — Kpail CeTYATKY; innlr — BHYTPEHHUI CAOI CETYATKM;
intlr — IPOMEXYTOYHBIV CAOJ CETYATKM; [[r — CBETOYYBCTBUTEABHBIN CAOV CETYATKU; NI —
He3pUTEAbHAsI YaCTh CETYATKY; OUtlr — HapY)KHBIIT CAOV CeTYATKH; por — nepudepuyeckas
00AAQCTb 3pUTEABHOIN YaCTU CEeTYATKM; fi — IIYIMAAbLEBbII MHTEI'YMEHT. 3Be3A04YKaMu
0003HavYeHbI AlIMKAAbHAS [IOBEPXHOCTD OMIOPHBIX KAETOK B HE3PUTEABHOI YaCTH 1 BEPUIVHBI
dboTopeLenTOPHBIX KAETOK B 3pUTEABHON YaCTU CETYATKU

systems, Wetzlar, Germany). Ultrathin sec-
tions were contrasted with a 2 % solution
of uranium acetate and a 0.1 % solution of
lead citrate. The obtained preparations were
studied under a JEOL JEM-1400 transmis-
sion electron microscope (JEOL, Tokyo, Ja-
pan) and photographed with an Olympus
Veleta digital camera (Olympus, Tokyo, Ja-
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pan). About 2,340 semithin sections of eye
tentacles from 22 eye tentacles from 11 mol-
lusks and 212 ultrathin sections of eye ten-
tacles from six eye tentacles from at least
three mollusks were made and studied. All
semithin and ultrathin sections of the eye
tentacles were made from new preparations
of isolated eye tentacles from new mollusks.

https://www.doi.org/10.33910/2686-9519-2026-18-3-813-825
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Traditional morphometrics

Measurements of the parameters were per-
formed on photographs of semithin sections of the
eye tentacles passing through the center of the eyes.
The following number of measurements were per-
formed: eight measurements of the thickness of
the non-optic part of the retina on eight semithin
sections of eye tentacles from eight eye tentacles
from at least four mollusks; five measurements of
the thickness of the central and peripheral region
of the optic part of the retina, respectively, on five
semithin sections of eye tentacles from five eye
tentacles from at least three mollusks. To measure
the thickness of the retina on semithin sections
of the eye tentacles, both different and identical
eye tentacles were taken, therefore, in total, eight
semithin sections of eye tentacles were taken from
eight eye tentacles from at least four mollusks. It is
not possible to give the exact number of mollusks,
since eight eye tentacles were selected from 22 eye
tentacles from 11 mollusks.

Calculation of statistical indicators

Using the appropriate formulas, the mean
values of morphometric data and their stan-
dard deviations were calculated (Lakin 1990).

Results

General morphological properties of the ret-
ina of the camera-like eye of Helix pomatia

The study of histological preparations of
isolated eye tentacles of H. pomatia shows the
following.

The retina is located between two compo-
nents of the eye — the outer shell and the crys-

talline lens (Fig. 1). Depending on the location
and functions in the retina, two parts can be
distinguished: the non-optic part, which is lo-
cated between the cornea, the eye capsule, the
optic part of the retina and the crystalline lens
and is not capable of photoreception, and the
optic part, which is located between the non-
optic part of the retina, the eye capsule and
the crystalline lens and is capable of photore-
ception (Fig. 1). Within the optic part of the
retina, two regions can be distinguished ac-
cording to position: the central region, which
is located between the peripheral region of
the optic part of the retina, the eye capsule
and the crystalline lens, and the peripheral re-
gion, which is located between the non-optic
part of the retina, the eye capsule, the central
region of the optic part of the retina and the
crystalline lens (Fig. 1).

The retina is not inverted (Fig. 1, 2). The
retina is formed by one morphological type of
tissue — epithelial. The retinal epithelial tissue
is represented by one morphological kind — a
single-layer multi-row columnar epithelium
(Fig. 1, 2). The retinal epithelial tissue consists
of four types of cells — supporting, photore-
ceptor, ganglion and glial, and two forms of
extracellular matrix — interstitial matrix and
basal lamina (Fig. 1, 2).

The retinal basal lamina and the apical sur-
face of all supporting cells of the non-optic part
together with the vertices of all photoreceptor
cells of the optic part of the retina form the
outer and inner surface of the retina, respec-
tively, the outer lateral surface of the extreme

Table 1
Morphological parameters of the retina of the camera-like eye of Helix pomatia
TabAnna 1
Mop¢oaornyeckue napamMeTpsl ceTYaTKu KamepHoro raasa Helix pomatia
Parameter (um) | Helix pomatia
Non-optic part
Thickness 5.7 + 1.8 (n=8)
Optic part
Central region
Thickness | 50.6 + 4.6 (n=5)
Peripheral region
Thickness | 45.7 + 3.4 (n=5)

The parameters are given as the mean value + standard deviation. n: the number of non-optic
parts, central and peripheral regions of the optic part of the retina.

Amurian Zoological Journal, 2026, vol. XVIII, no. 3
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supporting cells of the non-optic part of the
retina form the edge of the retina (Fig. 1).

The outer and inner surfaces of the retina
have the shape of a segment of an oblate el-
lipsoid (Fig. 1).

The non-optic part of the retina is smaller
than its optic part, and the central region of
the optic part of the retina is smaller than its
peripheral region. According to morphometric
data obtained for H. pomatia, the thickness of
the retina decreases significantly in the direc-
tion from the central region to the peripheral
region in the optic part to the non-optic part,
which is confirmed by the high value of the ra-
tio of these parameters — 8.9 (Fig. 1; Table 1).

The analysis of preparations of isolated
eyes, as well as unstained and stained semi-
thin sections of the eye tentacles of H. poma-
tia shows the following. The retina looks like
a black colored structure. The pigment within
the retina is unevenly distributed. The inner
layer of the retina is completely transparent
and colorless. The intermediate layer of the
retina is opaque and colored black. The outer
layer of the retina is completely transparent
and devoid of color. The available distribu-
tion of pigment within the retina is such that
it combines completely transparent layers
devoid of color and an opaque layer colored
black as a result of which the retina looks
black (Fig. 1).

Discussion

General morphological properties of the ret-
ina of the camera-like eye of Helix pomatia

The retina of H. pomatia is located be-
tween two components of the eye — the outer
shell and the crystalline lens. The location
of the retina of terrestrial pulmonate gastro-
pods has not been determined. However, in
photographs of semithin sections of the eyes,
it can be seen that the retina has one variant
of location: between two components of the
eye — the outer shell and the crystalline lens,
as in Helix aspersa Miiller, 1774 (Eakin, Bran-
denburger 1975a) and Cepaea nemoralis Lin-
naeus, 1758 (Bobkova et al. 2004b). Thus, the
location of the retina of the camera-like eye of
H. pomatia is the same as the location of the
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retina of the camera-like eyes of other species
of terrestrial pulmonate gastropods.

In H. pomatia, depending on the location
and functions in the retina, two parts can be
distinguished: the non-optic part located be-
tween the cornea, the eye capsule, the optic
part of the retina and the crystalline lens and
not capable of photoreception, and the optic
part located between the non-optic part of
the retina, the eye capsule and the crystal-
line lens and capable of photoreception. In
terrestrial pulmonate gastropods, depending
on the location and functions in the retina,
two parts are distinguished: the non-optic
part, which is located around the pupil and is
not adapted to photoreception, and the optic
part, which is located around the crystalline
lens and is adapted to photoreception, as in
Arion rufus Linnaeus, 1758 (Shepeleva 2005;
2020; 2021b). Thus, the presence of non-optic
and optic part in the retina of the camera-like
eye in H. pomatia is similar to the presence of
non-optic and optic part in the retina of the
camera-like eyes in other species of terrestrial
pulmonate gastropods.

Within the optic part of the retina of H. po-
matia, two regions can be distinguished ac-
cording to position: the central region located
between the peripheral region of the optic
part of the retina, the eye capsule and the crys-
talline lens, and the peripheral region located
between the non-optic part of the retina, the
eye capsule, the central region of the optic
part of the retina and the crystalline lens.
Within the optic part of the retina of terres-
trial pulmonate gastropods, two regions are
distinguished according to position: the cen-
tral region, which is adjacent to the peripheral
region of the optic part of the retina, and the
peripheral region, which is located between
the non-optic part and the central region of
the optic part of the retina, as in A. rufus (She-
peleva 2005; 2020; 2021b). Thus, the presence
of a central and peripheral region in the op-
tic part of the retina of the camera-like eye of
H. pomatia coincides with the presence of a
central and peripheral region in the optic part
of the retina of the camera-like eyes of other
species of terrestrial pulmonate gastropods.

https://www.doi.org/10.33910/2686-9519-2026-18-3-813-825
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Fig. 2. An enlarged fragment of Figure 1. Photograph of a longitudinal semithin section
through the central and peripheral region of the optic part of the retina of the camera-like eye
of Helix pomatia, obtained using a light microscope. c/ — crystalline lens; gc — ganglion cell;
mv — microvilli of photoreceptor cells; ngc — ganglion cell nucleus; nph — photoreceptor cell
nucleus; nsc — supporting cell nucleus; ph — photoreceptor cell; sc — supporting cell

Puc. 2. ®parmeHT pucyHka 1 B yBeanueHHOM Bupe. PoTorpaduisi mpoAOABHOIO TOAYTOHKOTO
cpesa uepe3 LEHTPAAbHYIO U MHepUPepUYecKyl0 00AACTb 3PUTEABHOM YaCTU CETYATKU
KaMepHoOro raasa Helix pomatia, moAydeHHast Ipy MOMOIIM CBETOBOIO MUKpOCKoMa: ¢/ —
XPYCTAAUK; g€ — TAaHTAMO3HAsI KAETKA; 7V — MUKPOBUAABI GOTOPELIENTOPHBIX KAETOK; 1gC —
SIAPO TaHTAMO3HOW KAETKY; nph — SIAPO POTOpeLenTOpHON KAETKY; 1SC — SIAPO OIIOPHOM
KAETKU; ph — poTopelLienTOpHAsI KAETKA; SC — OMOPHas KAETKa

In H. pomatia, the retina is not inverted. In  (Shepeleva 2006a). Thus, the absence of the in-
terrestrial pulmonate gastropods, the retina pos-  version of the retina of the camera-like eye in
sesses a single principle of organization: it isnon-  H. pomatia is akin to the absence of the inversion
inverted, as in H. aspersa (Eakin, Brandenburger  of the retina of the camera-like eyes in other spe-
1975a) and Cochlodina laminata Montagu, 1803  cies of terrestrial pulmonate gastropods.

Amurian Zoological Journal, 2026, vol. XVIII, no. 3 819
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The retina of H. pomatia is formed by one
morphological type of tissue — epithelial. The
retina of terrestrial pulmonate gastropods is
formed by one morphological type of tissue:
epithelial, as in Helix albescens Rossmasler,
1839 and Arion silvaticus Lohmander, 1937
(Zaitseva 2000). Thus, the morphological type
of the retinal tissue of the camera-like eye of
H. pomatia is analogous to the morphologi-
cal type of the retinal tissue of the camera-like
eyes of other species of terrestrial pulmonate
gastropods.

In H. pomatia, the retinal epithelial tissue
is represented by one morphological kind — a
single-layer multi-row columnar epithelium.
In terrestrial pulmonate gastropods, the mor-
phological kind of the retinal epithelial tissue
has not been determined. Therefore, it is not
possible to compare the morphological kind
of the retinal epithelial tissue of the camera-
like eye of H. pomatia and other species of
terrestrial pulmonate gastropods.

The retinal epithelial tissue of H. pomatia
consists of four types of cells — supporting,
photoreceptor, ganglion and glial, and two
forms of extracellular matrix — interstitial
matrix and basal lamina. The structure of the
retinal epithelial tissue of terrestrial pulmo-
nate gastropods has not been studied as such.
Itis noted that the retinal epithelial tissue con-
tains four types of cells: supporting, photore-
ceptor, ganglion and glial, as in H. albescens
and Achatina fulica Bowdich, 1822 (Zaitseva
2000; 2016). Of the two forms of the extracel-
lular matrix, only one form is mentioned: the
basal lamina, as in Strophoheilus sp. (Oswal-
do-Cruz, Bernardes 1982). Therefore, it is not
possible to compare the structure of the reti-
nal epithelial tissue of the camera-like eye of
H. pomatia with that of other species of ter-
restrial pulmonate gastropods.

In H. pomatia, the retinal basal lamina and
the apical surface of all supporting cells of
thenon-optic part together with the vertices
of all photoreceptor cells of the optic part of
the retina form the outer and inner surface
of the retina, respectively; the outer lateral
surface of the extreme supporting cells of the
non-optic part of the retina forms the edge
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of the retina. In terrestrial pulmonate gastro-
pods, the elements that form the outer and in-
ner surface and the edge of the retina have not
been described. Therefore, it is not possible to
compare the elements forming the outer and
inner surface and the edge of the retina of the
camera-like eye in H. pomatia and in other
species of terrestrial pulmonate gastropods.

The outer and inner surfaces of the retina
of H. pomatia possess the shape of a segment
of an oblate ellipsoid. The shape of the outer
and inner surfaces of the retina of terrestrial
pulmonate gastropods has not been deter-
mined. Therefore, it is not possible to com-
pare the shape of the outer and inner surfaces
of the retina of the camera-like eye of H. po-
matia with that of other species of terrestrial
pulmonate gastropods.

In H. pomatia, the non-optic part of the
retina is smaller than its optic part. In ter-
restrial pulmonate gastropods, the size of the
non-optic and optic part of the retina has not
been estimated. Nevertheless, the study of
photographs of semithin sections of the eyes
suggests the same size of the non-optic part of
the retina relative to its optic part: a smaller
size, as in H. aspersa (Eakin, Brandenburger
1975a) and Limax valentianus Férussac, 1822
(Matsuo et al. 2017). Thus, the size of the
non-optic part of the retina relative to the op-
tic part of the retina of the camera-like eye in
H. pomatia is identical to the size of the non-
optic part of the retina relative to the optic
part of the retina of the camera-like eyes in
other species of terrestrial pulmonate gastro-
pods.

The central region of the optic part of the
retina of H. pomatia is smaller than its pe-
ripheral region. The size of the central and pe-
ripheral region of the optic part of the retina
of terrestrial pulmonate gastropods has not
been estimated. At the same time, the study of
photographs of semithin sections of the eyes
indicates the same size of the central region of
the optic part of the retina relative to its pe-
ripheral region: a smaller size, as in H. aspersa
(Eakin, Brandenburger 1975a) and Monachoi-
des incarnata Miiller, 1774 (Shepeleva 2006a).
Thus, the size of the central region of the optic

https://www.doi.org/10.33910/2686-9519-2026-18-3-813-825



L P. Shepeleva

part of the retina relative to the peripheral re-
gion of the optic part of the retina of the cam-
era-like eye of H. pomatia is the same as the
size of the central region of the optic part of
the retina relative to the peripheral region of
the optic part of the retina of the camera-like
eyes of other species of terrestrial pulmonate
gastropods.

In H. pomatia, the thickness of the retina
decreases significantly in the direction from
the central region to the peripheral region
within the optic part, and further toward
the non-optic part, which is confirmed by
the high value of the ratio of these param-
eters — 8.9. In terrestrial pulmonate gastro-
pods, nothing is known either about changes
in retinal thickness, or about parameters suit-
able for independent calculations. Therefore,
it is not possible to compare the change in the
thickness of the retina of the camera-like eye
in H. pomatia and in other species of terres-
trial pulmonate gastropods.

The retina of H. pomatia looks like a black
colored structure. The pigment in the retina
is unevenly distributed. The inner layer of
the retina is completely transparent and col-
orless. The intermediate layer of the retina
is opaque and colored black. The outer layer
of the retina is completely transparent and
devoid of color. The available distribution of
pigment in the retina is such that it combines
completely transparent layers, devoid of color,
with an opaque layer, colored black, as a result
of which the retina looks black. The retina of
terrestrial pulmonate gastropods is colored
in one color: black, as in Trochulus hispidus
Linnaeus, 1758 from Southern Sweden (She-
peleva 2008). The distribution of the pigment
in the retina has not been studied. Moreover,
the analysis of photographs of preparations of
isolated eyes and semithin sections of the eye
tentacles indicates only one way of distribut-
ing pigment in the retina: uneven, as in Suc-
cinea putris Linnaeus, 1758 (Shepeleva 2015).
The inner layer of the retina is completely
transparent and colorless. The intermediate
layer of the retina is opaque and possesses
a black color. The outer layer of the retina is
completely transparent and possess no color.
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The existing distribution of pigment within
the retina is such that its combines complete-
ly transparent colorless layers and an opaque
layer colored black, as a result of which the
retina is perceived as black. Thus, the color of
the retina of the camera-like eye of H. poma-
tia is similar to the color of the retina of the
camera-like eyes of other species of terrestrial
pulmonate gastropods.

Possible functions of the retina of the cam-
era-like eye of Helix pomatia

The studied general morphological prop-
erties of the retina of the camera-like eye of
H. pomatia suggest that it can perform the
following functions: shaping (for the eye and
pupil), supporting, protective and delimiting
(for eye components), receptor and screening
(for the eye). Assumptions about some func-
tions of the retina of the camera-like eye of
H. pomatia, such as shaping (for the pupil)
and receptor and screening (for the eye) are
consistent with the literature data about the
functions of the camera-like eye of this spe-
cies (Meisenheimer 1912) and the camera-
like eyes of other species of terrestrial pulmo-
nate gastropods (Lawson 1863; Land 1981;
Messenger 1981; Shepeleva 2011; 2013; 2019).
Assumptions about the remaining functions
of the retina of the camera-like eye of H. po-
matia, such as shaping (for the eye), support-
ing, protective and delimiting (for eye com-
ponents) were made for the first time for ter-
restrial pulmonate gastropods.

Conclusion

In this work, the internal morphology of
the camera-like eye of the terrestrial pulmo-
nate gastropod H. pomatia, namely the gen-
eral morphology of the retina, was studied in
detail for the first time. The following general
morphological properties of the retina were
studied: location in the eye; parts; regions;
inversion; morphological type of tissue; mor-
phological kind of tissue; structure of tissue;
elements forming the outer and inner surface
and the edge; the shape of the outer and inner
surfaces; the size of the parts relative to each
other; the size of the regions relative to each
other; thickness change; and color (Table 2).
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Table 2

General morphological properties of the retina of the camera-like eye of Helix pomatia

TabAnma 2

O6mue mopdorornyeckne CBOMCTBA CeTYATKU KaMepHOro raasa Helix pomatia

Properties

Helix pomatia

Location in the eye

Between the outer shell of the eye and the
crystalline lens

Parts

Two: the non-optic part, which is located between
the cornea, the eye capsule, the optic part of the
retina and the crystalline lens and is not capable
of photoreception; the optic part, which is located
between the non-optic part of the retina, the eye
capsule and the crystalline lens and is capable of
photoreception

Regions

Two in the optic part: the central region, which
is located between the peripheral region of the
optic part of the retina, the eye capsule and the
crystalline lens; the peripheral region, which is
located between the non-optic part of the retina,
the eye capsule, the central region of the optic part
of the retina and the crystalline lens

Inversion

Absent

Morphological type of tissue

One: epithelial

Morphological kind of tissue

One: a single-layer multi-row columnar epithelium

Structure of the tissue

Consists of four types of cells and two forms
of extracellular matrix: supporting cells;
photoreceptor cells; ganglion cells; glial cells;
interstitial matrix; basal lamina

Elements forming the outer and inner
surface, respectively, and edge

The basal lamina of the retina and the apical
surface of all supporting cells of the non-optic part
together with the vertices of all photoreceptor cells
of the optic part of the retina, respectively, and the
outer lateral surface of the extreme supporting
cells of the non-optic part of the retina

The shape of the outer and inner surfaces

A segment of an oblate ellipsoid

The size of the parts relative to each other

The non-optic part is smaller than the optic part

The size of the regions relative to each
other

In the optic part: the central region is smaller than
the peripheral region

Thickness change

Decreases significantly in the direction from the
central region to the peripheral region in the optic
part to the non-optic part

Color

Black: the inner layer of the retina is completely
transparent and colorless; the intermediate layer
of the retina is opaque and colored black; the outer
layer of the retina is completely transparent and
devoid of color

All the properties of the H. pomatia retina,
except for inversion and morphological type
of tissue, were studied for the first time. The
studied general morphological properties of
the retina of the camera-like eye of H. po-
matia were compared, if possible, with the
known/independently assessed correspond-
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ing general morphological properties of the
retina of the camera-like eyes of other species
of terrestrial pulmonate gastropods. Of the 13
studied properties of the retina of H. pomatia,
eight properties could be compared — they
are typical of terrestrial pulmonate gastro-
pods, and five properties could not be com-
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pared — they were studied for the first time
in terrestrial pulmonate gastropods. Thus,
the general morphological properties of the
retina of the camera-like eye of H. pomatia,
which are available for comparison, are com-
pletely typical of terrestrial pulmonate gas-
tropods. Also, based on the studied general
morphological properties of the retina of the
camera-like eye of H. pomatia, including for
the first time for terrestrial pulmonate gastro-
pods, its possible functions were identified.
This article is the first article on the general
morphology of the retina of the camera-like
eye of a representative of the group of terres-
trial pulmonate gastropods in particular and
gastropods in general.
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