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STRUCTURAL AND FUNCTIONAL ANALYSIS OF
THE EYE OF BIOMPHALARIA GLABRATA
(MOLLUSCA, GASTROPODA, BASOMMATOPHORA)

V.T. SCHALL and D.F. BAPTISTA

Departamnento de Biologia, Instituto Oswaldo Cruz,
FIOCRUZ, 21040 Rio de Janeiro, RJ, Brasil

1. The eye of the snail Biomphalaria glabrata was studied at the light microscope level. The eye
is a spherical lens bathed in humor (vitreous body) and surrounded by the corneal and retinal cell layers.

2. The retina is composed of four layers: the inner photoreceptor layer close to the ocellar
cavity, a pigmented layer, a nuclear layer, and the fibrous layer. The nuclear layer contains the nuclei of the
supporting cells and of two types of sensory cells that are similar to those described for other gastropod
molluscs.

3. Calculations of optical properties showed that the eye of B. glabrata is slightly
hypermetropic and has limited resolving power.

4. The results are discussed in terms of the importance of visual information for the behavior of
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Introduction

The structurally simple eyes of gastropod molluscs can provide information on
differences in light intensity, although their ability to form images is debated. Although the
eye structure of several mollusc species of this class has been known for a long time (Willem,
1892), few recent studies have been published on their physiological properties or on the role
of the eyes in the behavior of these snails (Stoll and Bijlsma, 1973).

In some species, electrophysiological studies have demonstrated responses
traditionally associated with ocular detection of patterns such as lateral inhibition in
Hermissenda (Dennis, 1967; Stensaas et al., 1969) and in Otala (Goldman and Hermann,
1967). Also, Suzuki et al. (1979) reported that light- and dark-adapted retinas have different
spectral sensitivity curves.

Optical measurements in Littorina littorea suggest that the eye may be able to form
images on the retina in an aerial medium (Newell, 1965). Similar measurements of the eyes of
Agriolimax reticulatus have suggested the ability to detect only changes in light intensity.
These eyes are adapted to night function and are adequate for the simple orientation behavior
associated with this species (Newell and Newell, 1968). The same measurements made on the
eyes of Strophocheilus (Oswaldo Cruz and Bernardes, 1982) have suggested a higher
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resolving power than those of Helix (Schwalbach et al., 1963) and .Ofégr‘iolifnax (Newe :
for shape discrimination. In con N

Newell, 1968), although they have limited capacity _ Ho! try
orata is able to distinguish p.,

Hamilton and Winter (1982) reported that Lirtorintf irr et Dret Patge,
orientation with untrained animals showing a statistically significant prelerence for Vertie,

rather than horizontal bars. _

In addition to neurophysiological and optical studies, behawora.ll observatiop hay,
suggested that gastropods are able to perceive biologically relevant stimuli. Light'relate:;
behavioral studies on molluscs have been reviewed by Warden et al. (1940), Milne apg Mil,

(1956) and Fraenkel and Gunn (1961). . N |
Several studies have been published concermng the activity of Biomphalan-ﬂ

t in attempts to correlate this form of information with Varig, )
§

glabrata in relation to ligh
in the environment (Pimente] ,,,

aspects of the snail’s behavior. These include distribution
White, 1959), circadian rhythm of activity (Pimentel-Souza et al., 1976, 1984; Schall, 198,

Rotenberg et al., 1988), spawning rhythm (Joy, 1971; Barbosa, 1984) and Oﬂenmtion

reaction (Sodeman Jr., 1973; Schall et al., 1984), among others.
There is only one description of the general structure of the eye of Biomphajy,;,

glabrata (Pan, 1958) but no histological or electrophysiological studies related to vision g,
available for this species. The objective of the present investigation is to describe

structure of the eye of Biomphalaria glabrata in more detail, as well as to present some of i

optical properties, thus providing data that may be used to correlate the animal’s behavig

and its physiology.

Material and Methods

The data were obtained from the eyes of 10 adult animals (shell diameter = 151 J
20 mm) reared and maintained in the laboratory on a 12-h light/12-h dark schedule similar to
natural conditions. Eyes were enucleated between 10:00 a.m. and 16:00 p.m. To obtas
complete data for 10 eyes, the eyes of more than 40 animals were processed since data fron
a sequence of sections covering the entire eye are required. The specimens were anesthetized
by “immersion” in a 0.1% nembutal solution. After 4 to 6 h they were removed from ther
shells, and the cephalopodal mass was placed in Helly fixative solution for Mallory (Her
denhein), Nissl and Masson staining of the eye. The material was dehydrated and embedd
in a mixture of carnauba wax, beeswax and paraffin. Tangential sections (7.00 pm thich
were analyzed and photomicrographed with a light microscope (Ergaval, Zeiss, Jend
equipped with an ocular micrometer, a camera lucida and accessories for photomicrograph’
The morphological measurements were carried out in the eyes of 8 animals, takiig i
m“'dia_ﬂ portion of the eye as a reference plane for the measurement of total length and widl
lens diameter, corneal aperture, and distance between the refractor and receptor layers.
. .Direct measurements of the optical properties of the eye are difficult bccau§3 0',
its small size and intense pigmentation. Therefore these properties were investigated usitg*
procedure developed by Oswaldo-Cruz and Bernardes (1982) for a closely related spe*
:‘ehe ca.lculaﬁons were based on the measurement of curvature radius and of the dis[ancif
- gz?et;ngm th:;l ;‘ci:lcl;\;e ?;‘I;Zaie; of a rnedium-sized. cye. (2?0 jum in diamete’r) ?Inoilf moS‘i

: ues of the refractive indices used were similaf
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eport od by these investigators, which in turn were wit
fiterature for invertebrate eyes. We used anp intermedia
for Strophocheilus fl-ﬁ-ls) by Oswaldo-Cruz and Be
Newell (1965) for l.,m‘orma luoTea (1.45) for the refractive index of the lens

The optical properties and resolving power of the eye were c'alculated using a
computer program bas'ed on the procedures described by Oswaldo-Cruz et al. (1979) Tghe
Jata were processed with a Sector-IBM (PC-XT) computer . -

Photorec.eptor'cells were counted using a slide projector coupled with an NU2
universal investigation rmc.roscope (Zeiss-Jena). Counting was performed on serial sections
of two complete eyes using a mapping system for eye reconstruction. Each section was
projecwd onto a microscgpe accessory screen, its outline was drawn on plastic transparent
tracing foil and the nuclei of each receptor cell were marked. The subsequent section was

projected onto another sheet superimposed on the previous drawing, and only the cells which
did not overlap with those of the previous drawing were included.

hin the range of those reported in the
te value (1.55) between that adopted
rnardes (1982) and that reported by

Results

General eye structure

As described by Pan (1958), the eyes of B. glabrata are located on the dorsal -
surface of the body on the lateral surface of each cephalic tentacle and are surrounded by a
perioptic cavity limited by a transparent cell layer. The eye is pear shaped (Figure 1), with an
axial diameter of 265.00 to 308.00 wm (X = 290.00; SD = 15.22), by 206.00 to 250.00 wm
(X = 210.00; SD = 25.40) and consists of cornea, lens, vitreous body, retina and optic nerve.

For the morphometric calculations the cornea was defined as the non-pigmented
part of the eye wall, as proposed by Kataoka (1977) as well as by other investigators cited in
his paper. The cornea (Figure 1) is about 5 pm thick in its central portion and consists of a
single layer of transparent cuboidal cells. The refractive index of the cornea reported for
related species varies from 1.36 to 1.38. Therefore the cornea may act as an important
refractive layer when the animal is exposed to the air but not when it is in water, which has a
refractive index of 1.33. )

The transition between the retina and the cornea is marked by a gradual reduction
in thickness of the former and by a forward inclination of the retinal componentg The lensl is
123.00 to 200.00 m in diameter (x = 160.00; SD = 28.28) and is bathed by wt-reot‘xs fluid,
which may hold it in place, since no supporting structure w?s observed C(?nnecung it t'o tl'le
inner surface of the eye. The pupil (Figure 1) is approximately spherical and vamnes in
diameter from 109.00 to 180.00 pm (X = 135.00, SD = 25.44).

Retina organization

The retina is formed by 30.00 to 40.00 pm thick.epith'elial tissue (X = -35.001.;1 lslz
= 3.54) and can be more easily described when subdivided into four layers: an

. ibrous
Photoreceptor layer close to the ocular cavity, 2 pigment layer, a nuclear layer, and a fibro
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fibre
Figure 1 - Illustration of a transverse

layer; L, lens; ON, optic nerve; rl,
layer; nl, nuclear layer.

ca; fl
section through the center of the B. glabrata eye. C, C"[’:r_ ol P
photoreceptor layer; R}, Type I receptor; Ry, type Il receptons

g
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(Figure D). The photoreceptor layer is formed b

al cells.
At least three types of cells in different s

. their nuclei lying on the cell layer. The sy : )
ariem;?na”ef than _those of the visual cells and lessp ZZ:;Tyg sctzlilrsu:;v&-?g]z:egazt;d;; clei T}TiCh
yisual cells are of two types, a larger, spherical type distributed in the middie or(t:' i ? "
cell layer, and a smaller, more oval type closer to the p; i
of their morphological and staining characteristics, these nuclej can be considered to belo
to type 1 and 1I receptor cells, respectively, as Suggested by Oswaldo-Cruz and Bemard:i
(1982). Counting of type 1 cell receptor nuclej yielded mean values of 573,30 + 23.86
cells/layer. We were unable to identify type 11 receptor cells with certainty in all sectio-ns.
However, on the basis of counting performed on more differentiated regions in some
sections, we suggest a type 1/type 11 ratio of 1:2 (Figure 2).

The nuclei of type I cells are located in a layer approximately 16.00 wm below the
inner surface of the retina and therefore are distributed over a spherical surface of 290.11
pm in diameter. The surface area of a sphere of this dimension, after subtracting the surface
of the cornea where no receptors are present, is 196.92 wm2. The retinal area for each

layer Y the apical pr

.‘ ojections and microvillj of
the visU

Patial arrangements are present in the

Fo o . i types of receptors and some
1gure 2 - Photomicrographs of the B. glabrata rcn_" a l”um{ CF, fibrous layer; (1) type ]
Components, CFr, Photoreceptors layer; cs, supportng el eipEampares
l'ecep[()r and (2) type I receptor. Thick arrows indicate the type
the type 11 receptor with two nuclei (thin arrows).

cn, nuclear layer;
I receptor with only one nuc
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receptor is then 343.61 pwm?2, corre-
sponding to a mean distance of 18.5
pm between type 1 receptor cells.
The mean distance between type I
receptors, determined from meas-
urements on 76 elements taken from
sections selected at random, was 14.8
*+ 3.1 pm, ie., less than the value
calculated for a rectangular mosaic
arrangement.

Schematic eye

The principal parameters
of the schematic eye are presented in
Figure 3. The data reported here in-
dicate a focal length or posterior
nodal point, N’, of 120.00 pm and a
posterior focal point, P’, located
269.0 wm from the corneal vertex.
On the basis of these dimensions for
the schematic eye, a real image is
formed slightly behind the receptor
layer suggesting that the eye of B.
glabrata is hyperopic (Figure 3). On
this basis, the pear shape of the eye
(Figure 1) indicates that the central
area of receptors is the deepest one
and therefore the image may be
formed on the receptor layer. Con-
sequently, the eye of B. glabrata may
be emmetropic.

Resolving power of the eye

Using the criterion of
Rayleigh for the resolution of the
diffraction pattern of B. glabrata,
with a mean pupil diameter of 135.0
Mwm and a wavelength of 480 mm
(peak of the sensitivity curve for

other . :
gastropods as reported by Dennis, 1967, and Susuki et al., 1979), we calculate that th
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pm k ni = 1.000 rp = 14§
1
5T ar
. ny = 1.376 r2 = 1425
n3 = 1.336
4 A3 '
1
160 « N
ng = 1.550 |
4 A4
50
40
- .

F.igure 3 - Optical properties of the B. glabrata eye. The
distance separating the refractive surfaces and the radii of
curvature are given in p.m. The posterior nodal point (N'
and the posterior focal point (P') are located 120 pm and 2¢°
pm behind the corneal vertex, respectively, indicating
hyperopic eye. A;, Anterior corneal surface; A2, posteric!
corneal surface; A3, anterior lenticular surface; Ag, posteric’
lenticular surface; A5, receptor surface; Ag, posterior sclerd!
surface; n, refractive index of air (n;), comea (n2), aqueot
humor (n3), total lens (n4) and vitreous humor (n5); 7 radits
anterior corneal (r;), posterior corneal (r2), anterior lentict’

lar (r3), posterior lenticular (r4), receptor (r5), and posterior
scleral (rg).
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: f this animal can discrimi
tical system © riminate betweey o
:Pproximatcly 0.21 degrees. Objects separated by an angle of
The physiological resolving limit of the spaj] eye, estimated on the bas;
mean distance between receptor's (15 wm) and of the focal fonigth 6F the e basis of the
m), indicates that B. glabrata is capable of discriminating only between gzg::ta] R
: .. Sie
3PPf°mat°1y 7.00 degrees, a value similar to that calculated for the eye of Srrop:mt;:d .by
(Oswa_[do-crl:lz an.d Bernardes, 1982). Therefore, the optical performance of th Pdf)c efius
system of this animal should be higher than the samplin e dioptrical

_ ; bk g data provided b
mosaic. This performance is much inferior to that of the vertebrate eye, y the receptor

Discussion

Few studies have been performed to evaluate the optical properties of gastropod
eyes. Among them are those of Newell (1965), Newell and Newell (1968), Land (1981),
Oswaldo-Cruz and Bernardes (1982) and Hamilton et al. (1983). The general structure of the
eye of B. glabrata resembles that of the other species reported in the literature. Because of
the technical difficulties in obtaining direct measurements of the optical properties of B.
glabrata eyes, which are very small, we adopted the computational procedures developed by
Oswaldo-Cruz et al. (1979) for the study of vertebrate optics and adapted for the eye of
Strophocheilus by Oswaldo-Cruz and Bernardes (1982).

For the calculations of the refractive indices of the various eye surfaces we used
values reported for other gastropods, which do not show marked variations for the cornea
and vitreous humor but which vary for the lens. Thus, a refractive index of intermediate
value between that experimentally measured by Newell (1965) for the eye of L. lirtorea and
that estimated by Oswaldo-Cruz and Bernardes (1982) for Strophocheilus was adopted for
the present study. Furthermore, since the calculations for a schematic eye should be made
from values reflecting those of an intact eye, the processing of the material (anesthesia and
fixation), which may produce small alterations in dimensions in relation to the in vivo eye,
may have been a source of error. Therefore, although different measuring methods were
used, comparisons of equivalent factors may be made among B. glabrata, L. littorea, L.
irrorata and Strophocheilus (Table 1). The differences among tt.ne eyes of these four rﬂ:&::
species, having specific periods of activity in different media, i.e, air and wate;i shof .
considered. Analysis of the data in Table 1 indicates that, even though the' values for a]
glabrata are intermediate between those for L. littorea and for Strophocheilus, its optic
characteristics aro closor to those of L. lifforea - 1t should be pointed out that both 5 glabrata

i edominantly in air.
and L. littorea are more active in water, whereas the other species move pr y

i tor
Among the four species, the one with the best resolving power antcid sgmal::::n;c:;zpam
separation is Littorina irrorata (Hamilton et al., 1983). QOther data relrr)locl:.ontra.)s,t < cenidiglio
Winter (1982) suggest an ability to visualize shapes for. L. trroratal.l — S;ze e Cnse
Oswaldo-Cruz and Bernardes, the eyes of Straphochetlus, although larg

ood spatial
of other spails, including the three species compared he.rel.]:.i ?nl::;s?f;e ;r;:c:::;:ngcc witl:l the
fésolution, being adapted to operate at 1ow levels of lig { study concerns

i - f the presen
simple orientation behavior of the species. An IMPOr tant result of the p
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.onship

ine relati;’:or ding to Jaeger (1965, apud Oswaldo.-
h,
I

whic :vels of Juminosity.
at loW Using various arguments, Newell (1965) raised the :
o bape, 185 l? the lens may form an image WitPOSSIbdnty that . 4
sC rvature radius ratio (f/r = 2.82) approaching that ¢
o e animal is cxposefi to air the'frontal surface of the
onvergence and thus the images of distant objects could be ip focus at the ret;
- degree angle \.wth the eye fundus.m relation to the center of the lens ma ek 3
o lmi of acuity un?osed by the .retmal mosaic, which may have a smal]ery :;:’:’:ﬁo“d .
siopic syStem> producing a sharper image than the retina can P

- ‘ detect; 4) the diffracti
o important, since the aperture of the pupil (55-60 Km) is 100 times the wavl:l::;tfﬁcti
hght

f more developed ammals; 2)
€Ye may cause an appreciable

On the basis of thfe data in Table 1 and the general results of
is clear that there are more similarities than differences between the eyes of L. littorea and B
glabrata. Therefore, following the reasoning of Newell (1965), we i — 5
glabrata can visualize shapes, although with a performance inferior to that of L. fittorea.
However, in spite of this possibility, only behavioral tests can provide definite information
since “‘the organ may precede the function”,

On the basis of the arrangement of the nuclear layer of the retina of B. glabrata,
two types of receptor cells, type I and type 11, were observed, as described by Oswaldo-Cruz
and Bernardes (1982). Type II cells, located close to the pigment layer, differ in position
from those of Strophocheilus, which are located close to the basal lamina. Despite the
different location, the general and staining characteristics of these cells, the proportion of
number and spacing are similar, suggesting that they are of the same type. These two types
of cells may be related to the perception of light intensity, as suggested by Suzuki et al.
(1979). They demonstrated the presence of two spectral sensitivity curves in Limax flavus,
which may be associated with the two morphologically distinct cell types (type I and type II).

Even though cell nuclei corresponding to the description of type I and II cells
have been observed in B. glabrata, it was only possible to count type l'cells, 1te., thosc? more
sensitive to light. However, in the more differentiated regions of the h1st.olog1cal sections, a
12 relationship was observed between type I and type II cells. According to Suzuki et al.
(1979), type 11 cells are active in darkness, so that a similar role may be ‘postglatcd for thcse;
cells in the twilight and nocturnal activity of the animal. Studies of the biological r:jtttl::;st:c
locomotion of the animal in relation to various lighting schedules ha\{e qemo?sfgz, g
*Pecies shows peaks of motility after dawn and dusk (g‘.c';hall, 198(1); ll::nt‘:l;:rk) and greatc;
1984). Changes in the activity associated with light transition (300 K83 0% 00
The o1 dark bands have also been observed by ROtenbe;inctet [()referential r;:gion over
t : irge:tte crl locomotion du@g these periodsdm:;' ’ I:iflx:;:t:lcandgwmte (1959) have Qemon-
Strateq h- Y cycl.c. Experiments conducte yto the surface more frequently at mght..as
wag alsc: at the animal moves from the'bottom' int out that the maximum absorption

Observed by Pieri (1979). It is interesting to po

. 979) for gastropods
:al“es of the spectral sensitivity curves recorded b SIZAE T ar;i:slion \)avavelength band
Ie be[w@en 460 and 480 nm WhICh is close to [he maxlmum [

the present study, it
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during twilight (Beck, 1980). This suggests an adaptative advantage that guarantees greate,

i ity during this period of the day. _
vl acmtgtoll (1573) nr::de an attempt to answer the question of the use of light made by
stagnalis. He suggested that the use of light may be related to the typ’ci‘ of pulmoxTary
respiration of this aquatic animal, since it occasionally needs to brffathe air. hl-ls, the abﬂity
to locate brighter, not covered, parts of the water surface may be unportant: Light may algg
affect oviposition in this species (van der Steen, 1967) as well as the‘ endocrine processes of
molluscs which are mediated by the eye or by neural photon:et:_eptlon as demonstrateq by
Kennedy (1960) and Arvannitaki and Chalazonitis (1961). Preliminary data reporte?d by Stol]
(1973) have also suggested the participation of the eye (_)f L stagnalis in the
photoneuroendocrine system. B. glabrata has the same type of respiration as L. stagnalis apg
therefore detection of a free water surface by identifying lighter areas may have become gy
adaptative factor. There are reports that B. glabrata migrates from the botth Fo th? wallg
and surface of the aquarium when horizontal illumination is changed to vertical illuminatioy
(Deschiens, 1957; Barbosa, 1970; Williams and Coelho, 1973; Pimentel-Sou.za et.al., 1976,
1984; Schall et al., 1985) which implies reorientation according to light incidence,
Furthermore, Joy (1971) reported the influence of light on the oviposition of B. glabrat,,
although the role of the eyes in the neural pathway of this process has not yet beep
established.
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