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Summary. The corneal structure of three deep-sea 
species of teleosts (Gadiformes, Teleostei) from different 
depths (250-4000 m) and photic zones are examined at 
the leve1 of the light and electron microscopes. Each 
species shows a similar but complex arrangement of 
layers with a cornea split into dermal and scleral 
components. The dermal cornea comprises an epithelium 
overlying a basement membrane and a dermal stroma 
with sutures and occasional keratocytes. Nezumia 
aequalis is the only species to possess a Bowman's 
layer, although it is not well-developed. The scleral 
cornea is separated from the dermal cornea by a mucoid 
layer and, in contrast to shallow-water species, is divided 
into three main layers; an anterior scleral stroma, a 
middle or iridescent layer and a posterior scleral stroma. 
The iridescent layer of collagen and intercalated cells or 
cellular processes is bounded by a layer of cells and the 
posterior scleral stroma overlies a Descemet's membrane 
and an endothelium. In the relatively shallow-water 
Microgadus proximus, the keratocytes of the dermal 
stroma, the cel ls  of the iridescent layer and the 
endothelial cells al1 contain aligned endoplasmic 
reticulum, which may elicit an iridescent reflex. No 
alignment of the endoplasmic reticulum was found in N. 
aequalis or Coryphanoides (Nematonurus) armatus. The 
relative differences between shallow-water and deep-sea 
corneas are discussed in relation to the constraints of 
light, depth and temperature. 
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lntroduction 

The cornea of shallow-water teleosts has undergone 
extensive selection incorporating a number of unique 
structural adaptations setting them apart from almost al1 
other vertebrate corneas. Specialisations such as 
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spectacles (Hein, 1913; Walls, 1942), corneal filters 
(Moreland and Lythgoe, 1968; Appleby and Muntz, 
1979; Heinermann, 1984; Kondrashev et al., 1986), 
iridescent layers (Locket, 1972; Lythgoe, 1975, 1976), 
annular ligaments (Tripathi, 1974; Collin and Collin, 
1996), autochthonous layers (Walls, 1942; Collin and 
Collin, 1988), sutura1 fibres (Smelser, 1962; Fisher and 
Zudunaisky, 1977), mucoid layers (Walls, 1942; 
Tripathi, 1974) and epithelial goblet cells (Collin and 
Collin, 1996) are features of a range of shallow-water 
species from a diverse range of habitats. 

In contrast, the deep-sea teleost cornea has received 
relatively little attention. Although primarily thought to 
act as a protective goggle, the cornea of deep-sea teleosts 
must also overcome the physical constraints of 
temperature and pressure, while maintaining a clear 
optical pathway for the transmission of both low levels 
of sunlight and bioluminescent emissions. Most deep-sea 
teleosts survive between 2 and 5 "C at depths where the 
pressure may attain over 400 atmospheres. Although 
light levels are high in the upper euphotic zone, levels 
fa11 markedly to a depth of 1000 m, beyond which not 
even single quanta of sunlight penetrate (Denton, 1990). 

Previous studies on the eyes of deep-sea fishes have 
identified a number of corneal specialisations. These 
include corneal projections (Pearcy et al., 1965) or 
pearly accessory corneal bodies (Whitehead et al., 1989) 
adjacent to the secondary globe in the eye of 
Bathylycknops exilis (Opisthoproctidae), which may 
increase the monocular visual field. Similarly, the lens 
pad in the scopelarchid, Scopelarchus guntheri, and the 
optical fold in the evermannelid, Ei~ermannella indica, 
are both thought to extend the monocular visual field, 
allowing light to strike the ventro-lateral aspect of the 
lens and a specialised region of the accessory retina by 
light guiding and geometrical optics, respectively 
(Locket, 1971, 1977; Collin et al., 1997). 

With the exception of the few species mentioned 
above, little is known of the basic arrangement of layers 
in the corneas of deep-sea teleosts, although the 
tendency for a split cornea has been noted by a few 
authors. In the tripod fish, Bathypterois longipcs 
(Bathypteroidae) and the sea snail ,  Careproctus 
























