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Summary. The structure of light- and dark-adapted 
retina of the black bass, Micropterus salmoides has been 
studied by light and electron microscopy. This retina 
lacks blood vessels at all levels. The optic fiber layer is 
divided into fascicles by the processes of Miiller cells 
and the ganglion cell layer is represented by a single row 
of voluminous cells. The inner nuclear layer consists of 
two layers of horizontal cells and bipolar, amacrine and 
interplexiform cells. In the outer plexiform layer we 
observed the synaptic terminals of photoreceptor cells, 
rod spherules and cone pedicles and terminal processes 
of bipolar and horizontal cells. The spherules have a 
single synaptic ribbon and the pedicles possess multiple 
synaptic ribbons. Morphologically, we have identified 
three types of photoreceptors: rods, single cones and 
equal double cones which undergo retinomotor 
movements in response to changes in light conditions. 
The cones are arranged in a square mosaic whereas the 
rods are dispersed between the cones. 

Key words: Ultrastructure, Retina, Fish, Electron 
microscopy, Photoreceptor 

The visual system of fish presents various 
adaptations in response to habitat and behavioral pattern. 
Although the retinal structure is basically the same as in 
the rest of the vertebrates, the retina of fish presents 
unique properties as a consequence of their adaptation to 
the environment (Wagner, 1990). This is reflected in 
many aspects of retinal structure such as 1) the presence 
of retinomotor movements in response to changes in 
light conditions (Ali, 1971, 1975; Burnside and Nagle, 
1983; Burnside and Dearry, 1986), 2) the presence of 
large outer segments and prominent ellipsoids to 
improve absorption of light (Wagner, 1990), 3) the 
existence of double cones which increase the area 
available for the absorption of light (Ali and Anctil, 
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1968), 4) regular cone mosaics (Wagner, 1978), 5 )  the 
existence of a well developed retinal tapetum in 
nocturnal and bottom-living species (Wagner and Ali, 
1978), 6) presence of foveae or areas with an increase in 
photoreceptors and other neurons (Wagner, 1990), and 7) 
a marked synaptic plasticity as is demonstrated by the 
formation of spinules (Wagner, 1980) during light 
adaptation and their disappearance during dark- 
adaptation, and others. In summary, these features 
demonstrate the importance of vision in the mode of life 
and survival of the species. 

Micropterus saimoides, known as black bass, is a 
member of the family Centrarchidae (Order Perciformes) 
which has been introduced into freshwaters in Spain and 
is a native of North America. It occurs largely in ponds, 
lagoons, and calm fresh water, especially in backwaters 
with vegetation. It is a fish typically crepuscular and a 
good predator, piscivorous, although they may also feed 
on crustaceans and insects. Their ethology suggests that, 
as in all predatory fish, vision is an important sense for 
their survival, and this is reflected in the morphology of 
the retina by: the presence of many cones, the exhibition 
of retinomotor movements in response to changes in 
light, the existence of prominent ellipsoids in double 
cones which are arranged in regular cone mosaics, the 
presence of a marked synaptic plasticity in the outer 
plexiform layer which is reflected in the presence of 
spinules, nematosomes, synaptic ribbons and a thick 
inner plexiform layer which implies a high degree of 
complexity of the neural interactions. 

This study describes the fine structure of the black 
bass retina to provide more data of the vision of a 
predatory fish in order to increase our understanding of 
the morphology of the retina and its relation with the 
ecology and ethology of the species. 

Materials and methods 

Experimental animals and tissue preservation 

Experiments were carried out with black bass, 
Micropterus salmoides, with a body length of 12-15 cm. 
Fish were maintained in an aquarium for 12-h lightll2h 
dark cycle for at least 1 month prior to use. All 
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ecological adaptation (Ali, 1975; Ali and Wagner, 1975; 
Douglas and Wagner, 1982). Tinca tinca does not exhibit 
cone MRM because it is a nocturna1 fish. However, 
Lepomys cyanellus, Roccus americana and Micropterus 
salmoides with a crepuscular activity pattern present 
marked changes which enable good adaptation to 
photopic and scotopic states. The fact that in many 
cyprinids the single cones do not present MRM, may 
provide other advantages for their vision. 

Rod and cone outer segments were formed by a 
stack of membranous discs where the photopigments 
were located. In rods, the disks remained separate from 
the cell membrane. In contrast, the disks of cones 
maintained their attachment to the membrane (Cohen, 
1972). As in other species studied, the rod outer 
segments presented several incisures (Braekevelt, 1983, 
1994; Braekevelt et al., 1996). These structures have 
been interpreted as a means of increasing the surface 
area of the light-sensitive outer segments (Braekevelt, 
1994) or a mechanism to aid in the diffusion of 

substances to and from the disc membranes (Collin et 
al., 1996a,b). Although they may be found in cones 
(Braekevelt, 1983, 1992) we could not observe their 
existence in Micropterus salmoides retina. 

Another characteristic feature present in Micropterus 
salmoides retinas, which also occurs in many teleosts, 
was the presence of a bulky ellipsoid replete with 
mitochondria. It was more prominent in cones than rods. 
Their existence has been interpreted as an adaptation of 
photoreceptors to optimize sensitivity by amplifying the 
signal (Wagner, 1990), so that the mitochondria are the 
organelles responsible for the supply of metabolic 
energy. We have observed some differences between the 
cone and rod mitochondria with regard to size, the 
appearance of the matrix and the presence of glycogen 
granules. However, we have no explanation for this. 

The arrangement of the cone nuclei close to the 
outer limiting membrane and rod nuclei forming rows in 
the outer nuclear layer is a constant in al1 duplex retinas 
and it reflects the order of appearance and differentiation 
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