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The eyes of teleost fish adapt to different light levels
through changes in retinal structure. Some of these retinal
changes in response to light cycles include: movements of the
myoid (AREY 1975), migration of melanin granules (ES-SOUNNI &
ALI 1986, BURNSIDE 2001) and fluctuations in the pre-synaptic
membrane and the terminal buttons (BRAEKEVELT et al. 1998b,
BURNSIDE 2001), among others. ES-SOUNNI & ALI (1986) and
BRAEKEVELT et al. (1998a) reported several changes when com-
paring the retina of teleost fish adapted to light and to dark-
ness. These included a change in the shape of lipids droplets,

detachment of outer segments of photoreceptors, formation
of multilobular bodies, alterations in the number of macroph-
ages and melanolysosomes, and other organelles.

Retinomotor or photomechanical movements are char-
acterized by the migration of cones, rods and pigment epithe-
lium in response to changes in environmental light conditions
(ALI 1971, EASTMAN 1988, MACDONALD & MONTGOMERY 1991,
BURNSIDE 2001).

Cells of the retinal pigment have been shown to have a
mechanism to transport melanin granules not only in response
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ABSTRACT. The Antarctic fish Notothenia coriiceps Richardson, 1844 lives in an environment of daily and annual
photic variation and retina cells have to adjust morphologically to environmental luminosity. After seven day
dark or seven day light acclimation of two groups of fish, retinas were extracted and processed for light and
transmission electron microscopy. In seven day dark adapted, retina pigment epithelium melanin granules were
aggregated at the basal region of cells, and macrophages were seen adjacent to the apical microvilli, between the
photoreceptors. In seven day light adapted epithelium, melanin granules were inside the apical microvilli of
epithelial cells and macrophages were absent. The supranuclear region of cones adapted to seven day light had
less electron dense cytoplasm, and an endoplasmic reticulum with broad tubules. The mitochondria in the
internal segment of cones adapted to seven day light were larger, and less electron dense. The differences in the
morphology of cones and pigment epithelial cells indicate that N. coriiceps has retinal structural adjustments
presumably optimizing vision in different light conditions.
KEY WORDS. Photic variation; photoreceptor; retinomotor movements.

RESUMO. UltrUltrUltrUltrUltraestraestraestraestraestrutrutrutrutrutraaaaa dododododo epitélioepitélioepitélioepitélioepitélio pigmentarpigmentarpigmentarpigmentarpigmentar dadadadada rrrrretinaetinaetinaetinaetina eeeee dosdosdosdosdos conesconesconesconescones dododododo peixpeixpeixpeixpeixeeeee AntárticoAntárticoAntárticoAntárticoAntártico NototheniaNototheniaNototheniaNototheniaNotothenia coriicepscoriicepscoriicepscoriicepscoriiceps
RicharRicharRicharRicharRichardsondsondsondsondson submetidosubmetidosubmetidosubmetidosubmetido ààààà luzluzluzluzluz eeeee aoaoaoaoao escurescurescurescurescuro.o.o.o.o. O peixe Antártico Notothenia coriiceps Richardson, 1844 habita meios
com variações fóticas diária e anual e as células da retina se adaptam morfologicamente a esta luminosidade
ambiental. Dois grupos de peixes foram aclimatados durante sete dias à luz constante ou ao escuro constante.
Após secção medular, as retinas foram extraídas e processadas para microscopia de luz e microscopia eletrônica
de transmissão. No epitélio pigmentar da retina adaptado sete dias ao escuro, os pigmentos de melanina
agregam-se na base coroidal das células epiteliais pigmentares e macrófagos são encontrados no interior do
processos apicais entre as células fotorreceptoras. No epitélio adaptado sete dias à luz os pigmentos de melanina
se dispõem ao longo das projeções apicais das células epiteliais pigmentares e os macrófagos são ausentes. A
região supranuclear dos cones adaptados sete dias à luz possui um citoplasma menos elétron denso devido a
presença de canais do retículo endoplasmático que se dilatam aumentando o seu lúmen. As mitocôndrias
existentes no segmento interno dos cones adaptados à luz são maiores, e menos elétron densas. As diferenças na
morfologia dos cones e nas células epiteliais pigmentares indicam que N. coriiceps possui mecanismos celulares de
ajustes na retina provavelmente otimizando a capacidade visual em diferentes situações de luz.
PALAVRAS-CHAVE. Fotorreceptor; movimento retinomotor; variação fótica.
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to changes in light levels (ALI 1975) but also through regula-
tion by endogenous circadian rhythms (ALI 1975). However if
the pigment epithelial cells are isolated from the retina, they
do not respond to changes in light (BRUENNER & BURNSIDE 1986).
In light adapted retinas, the prostaglandin E1 can induce
retinomotor movement in cones and pigment epithelial cells
(CAVALLARO & BURNSIDE 1988).

The cytoskeleton and the endoplasmic reticulum are two
cell elements involved in photomechanical adaptation to dark-
ness and light (FERRERO et al. 1979). These photomechanical re-
sponses involve elongation of the myoid in photoreceptors,
and a redistribution of microtubules that slide along the length
of myoid. This sliding is generated by the interaction of micro-
tubules distributed as stripes in specific myoid regions (WARREN

& BURNSIDE 1978). The distribution and appearance of the en-
doplasmic reticulum in the internal segment of the photore-
ceptors changes with adaptation to light. As the inferior ellip-
soid of cones and rod elongates the density of the endoplasmic
reticulum is reduced (FERRERO et al. 1979).

Fish habitats and retinal responses are related. Depend-
ing on species and life stage, fish live in a variety of habitats
with different light regimes, from surface water to great depths,
and they may make extensive diurnal vertical migrations. The
interspecific differences in retinal responses under different light
conditions may be a consequence of ecological adaptations.
Species may be adapted to a certain light regime and adapta-
tion to light is often faster than adaptation to dark (ALI & HANYU

1963, ALI & ANCTIL 1968, ALI 1971). Retinomotor responses may
be related to behavior in schooling fish (KEENLEYSIDE 1955,
LOUKASHKIN & GRANT 1959), or to feeding and migration (ALI 1971,
FANTA et al. 1994, DONATTI & FANTA 2002), among other factors.

 Notothenia coriiceps Richardson, 1844 (Nototheniidae)
lives in relatively shallow coastal Antarctic waters, where the
photoperiod and light quality in terms of wavelength can vary
significant on a daily and/or seasonal. Acknowledging the oc-
currence of this variation our objectives included a qualitative
description of ultrastructural morphological changes and func-
tional strategies of the retina that enable the visual system of
Notothenia coriiceps to function in light and darkness.

MATERIAL AND METHODS

Notothenia coriiceps was collected by trammel net in Ad-
miralty Bay (62º09’S, 58º26’W), King George Island, South
Shetlands, Antarctica, at about 20m depth, during the summer
(December and January) of 1998/1999. Individuals of a total
length of 36.5 ± 2 cm (mean ± S.D.) (n = 28) were maintained
in light proof tanks, under controlled conditions at the Brazil-
ian Antarctic Station Comandante Ferraz.

The well-aerated water was kept at a temperature of 0 ±
0.5ºC (mean ± S.D.), pH 7.0 ± 0.5 (mean ± S.D.), and salinity
34.5 ± 1.0 ppt (mean ± S.D.). Groups of 14 N. corriceps were
maintained for seven days in continuous light, or continuous
darkness. Darkness tanks were covered with a black light proof

sheet. For continuous light conditions, a daylight fluorescent
lamp was on above the tank and remained on all during the
experiment.

Fish were euthanized by medullar section and after de-
cerebration the retinas of dark adapted fish were extracted and
fixed under a low level red light. Light adapted fish retinas
were extracted under daylight fluorescent lamp.

For optical microscopy, retinas were fixed in Bouin’s fluid
for eight hours (CULLING et al. 1985) and processed routinely
for traditional histology according to CLARK (1981). Samples
were embedded in Paraplast Plus® (Sigma), sectioned at 2-4
µm, stained with Haematoxylin-Eosin (H.E.) and photomicro-
graphs were taken with a photomicroscope (model PM 10AD,
Olympus, Japan).

For transmission electron microscopy, the retinas were
cut into small pieces and fixed in modified Karnovsky at 4ºC
(CULLING et al. 1985). During post fixation a 2% solution of
osmium tetroxide buffered in 0.2M cacodylate (pH. 7.2) was
used, and samples were contrasted with 2% uranyl acetate. The
samples were dehydrated in an ethanol series, embedded in
Epon-812 in a balanced mixture (LUFT 1961). The contrast of
sections was enhanced with 2% uranyl acetate (WATSON 1958),
and lead nitrate (REYNOLDS 1963). They were examined under a
electron microscope (JEM 1200 EXII, JEOL, Japan).

RESULTS

Notothenia coriiceps has a retina with ten cells layers.
However, fish adapted to 7-day light or seven day dark condi-
tions differed in some retinal properties. The position of the
melanin pigment in the pigment epithelium differed in both
light regimes (Figs 1 and 2). After seven day in the dark the
melanin granules were aggregated in the coroidal base of the
pigmented epithelial cells, exposing the tips of the external
segments of the photoreceptors (Fig. 3). After seven days un-
der light the melanin pigment was located inside the apical
projections of the pigment epithelium cells, protecting the
external segments of the photoreceptors (Fig. 4).

When adapted to dark conditions, the pigment epithe-
lium contained more membranes detached from the external
segments of the photoreceptors, dispersed in its cytoplasm,
more phagosomes, and more myeloid bodies associated with
lipid droplets (Figs 5, 6 and 8). Macrophages were found close
to the Bruch’s membrane and alongside the apical processes,
between the photoreceptors (Fig. 7). There were no macroph-
ages in the pigment epithelium of animals adapted to light.

In cones, the region of the myoid and ellipsoid that form
the internal segment underwent changes during adaptation.
Light adapted cones were shorter than dark adapted. After seven
days in light conditions ellipsoids of cones were closer to the
external limiting membrane than after seven days in the dark,
and the ellipsoids and myoids were not distinguishable, the neck
having disappeared (Fig. 9). Dark adapted cones became elon-
gated and had clearly defined regions, the ellipsoid, myoid, su-
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Figures 1-4. Organization of the retina of Notothenia coriiceps: (1) seven day dark-adapted retina; and (2) seven day light-adapted retina.
Observe the 1) pigment epithelium, 2) cones and rods, 3) external limiting membrane, 4) external nuclear layer, 5) external plexiform
layer, 6) internal nuclear layer, 7) internal plexiform layer, 8) ganglionar cells, 9) optical nerve fibers, 10) internal limiting membrane
(H.E.) (scale: 100.000 nm). (3) Detail of photoreceptors adapted to seven day darkness; and (4) adapted to seven day light. Observe the
melanin granules (asterisk), cones (co), and rods (ba) (H.E.) (scale: 10.000 nm).
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Figures 5-8. Pigment epithelium of seven day dark-adapted Notothenia coriiceps: (5) pigment epithelium with Bruch’s membrane (MB),
melanin pigment (asterisk), nucleus (N), detached membranes of photoreceptor external segments (arrow) (scale: 2.000 nm); (6)
phagosome (FA) in the cytoplasm of epithelium cells and melanin pigments (asterisk) (scale: 500 nm); (7) Macrophages (M) with
phagosomes (arrow) in the pigment epithelium (scale: 500 nm); (8) myeloid corpuscles (thin arrow) associated with lipid droplets
(star). Notice that detached membranes of the external segment of photoreceptors (thick arrow) (scale: 1.000 nm).
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Figures 9-12. Internal segment of cones in Notothenia coriiceps: (9) myoid (mi) and ellipsoid (el) in a cone adapted to seven day light.
Notice the less electrondense cytoplasm and the external limiting membrane (MLE) (scale: 500 nm); (10) mitochondria (asterisk) in a
cone adapted to seven day light (scale: 200 nm); (11) myoid (mi), ellipsoid (el) and neck (pe) of a cone adapted to the seven day dark,
with electron dense cytoplasm, nucleus (N), and external limiting membrane (MLE) (scale: 500 nm); (12) Mitochondria (asterisk) in a
cone adapted to seven day dark (scale: 200 nm).
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Figures 13-15. Myoid region of a cone of Notothenia coriiceps: (13) myoid region of a cone adapted to seven day light. Notice the
endoplasmic reticulum (thich arrow), the fins (ba), and the Müller cell extensions (small arrow) (scale: 500 nm); (14) myoid region of a
cone adapted to seven day dark. Notice the endoplasmic reticulum (thick arrow) and nucleus (N) (scale:200); (15) microtubules (thin
arrow) and endoplasmic reticulum (thick arrow) at the myoid of a cone adapted to seven day light (scale: 200 nm).
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pranuclear region and neck (Fig. 11). The mitochondria in the
ellipsoids were more electron-dense and smaller in dark condi-
tions when compared to light conditions (Figs 10 and 12).

The supranuclear region was less electron-dense in cones
adapted to daylight than in those adapted to darkness, because
the tubules in the endoplasmic reticulum expand, enlarging
the lumen of the endoplasmic reticulum (Figs 13 and 15). In
seven day dark adapted cones, the cytoplasm is more electron
dense and the endoplasmic reticulum has no enlarged tubules
(Fig. 14).

DISCUSSION

The retina of Notothenia coriiceps is composed of ten his-
tological layers, being similar to that of several other
notohenioids and typical teleosts (EASTMAN 1988, GRÖTZNER &
FANTA 1998, DONATTI & FANTA 2001, FANTA et al. 2001). They ex-
hibit four types of cones, rods, pigmented epithelium and neu-
ronal layers (GRÖTZER & FANTA 1998, DONATTI & FANTA 2001).

Some authors have described the retinal organization and
visual function of Notothenioid fish (FANTA et al. 1994, 1999,
2001, GRÖTZER & FANTA 1998, MACDONALD & MONTGOMERY 1998,
DONATTI & FANTA 2001, 2002). However, there are several changes
in the retinal ultrastructural characteristics that occur as a con-
sequence of adaptation to continuous light or dark conditions
that were not yet qualitatively described. This study detected
structural differences in retinas of light and dark adapted
Notothenia coriiceps related to retinomotor movements, tubules
of endoplasmatic reticulum, and to the density of cytoplasm
and mitochondria.

The extent of retinomotor movements in retinal photo-
receptors, and pigment epithelium, are indicators of the activ-
ity of the retina. Usually, isovolumetric changes, similar to those
of a muscle contraction, are attributed to a system of microtu-
bules in the photoreceptors (BURNSIDE 1978, WARREN & BURNSIDE

1978). Retinomotor movements reposition photoreceptor outer
segments and screening pigment in the retinal pigment epi-
thelium so that photoreceptors are optimally exposed to in-
coming light in the dark in the case of rods and under light
conditions in the case of cones (ALI 1971, 1975). This capacity
might be important for N. coriiceps to enable the fish to find
their prey under light and dark conditions, or even when
weather changes, resulting in sudden changes in light condi-
tions. (DONATTI & FANTA 2002)

A higher number of detached membranes of the exter-
nal segment of photoreceptors, and the presence of macroph-
ages was observed in the pigment epithelium of N. coriiceps
adapted to darkness. This loss of the outer segments of photo-
receptors followed by phagocytosis by the pigment epithelium
cells is normal in some retinas (BALKEMA & BUNT-MILAM 1982,
BRAEKEVELT et al. 1998a, DONATTI & FANTA 1999), due to rhythmic
turnover of its cellular organelles (O’DAY & YOUNG 1978,
BRAEKEVELT 1980), and is intensified in consequence of higher
photoreceptors activity. The balance between membrane syn-

thesis and degradation maintains the external segment, mainly
of rods, in a relatively constant length. The removal of these
external segments can be done macrophages (BRAEKEVELT 1980),
which would explain their presence in the pigment epithelium
in this study. In contrast, evidence of disk shedding by cones is
very rare, and has not been show to be a regularly recurring
process. (O’DAY & YOUNG 1978). They do not exist given in the
literature that explains the occurrence of a higher number of
detached membranes of the external segment of photorecep-
tors in the animals adapted to darkness

Lipid droplets, associated with the myeloid body, were
found in greater quantity in the dark-adapted retina. Their num-
ber can increase due to the degradation of phagosomes, and this
may explain the lipid droplets in dark-adapted N. corriceps.

In N. coriiceps adapted to darkness the presence of elec-
tron dense cytoplasm, and an endoplasmic reticulum with tu-
bules that have a small diameter, indicates a reduction in

synthetic activity and in the release of metabolites to the
external segment of photoreceptors.

The qualitative analysis of the retina of N. coriiceps dem-
onstrates that this species presents the typical cellular and sub-
cellular mechanisms for retinal structural adjustments that can
optimize the visual function of the retina.
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