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EXTENDED ABSTRACT ONLY- DO NOT CITE
Salmonid fishes have two morphological types of cone (single and double) arranged in a square mosaic throughout the retina. The unit of a square mosaic consists of four double cones whose long axes align with and lie along the sides of a square surrounding a central single cone and four single corner cones located at the corners of the square (Engström, 1963) (Figure 1).  Previous studies have shown that corner cones are partially lost from the ventral retina of some juvenile salmonids around the time of smoltification (the physiological transformation that readies the fish for life in saltwater) (Kunz, 1987; Kunz et al., 1994; Novales Flamarique, 2000 and 2001). During this time, a reduction in ultraviolet (UV) sensitivity has also been noted, and attributed to the partial loss of corner cones (Novales Flamarique and Hawryshyn, 1996). With the exception of the rainbow trout and the Atlantic salmon, the extent of this cone loss in the retina of salmonid fishes has not been documented. As well, the association between corner cones and UV visual pigment has not been fully established. We have performed in-situ hybridization with visual pigment mRNA probes and histological analyses to determine the distribution of UV and blue pigment bearing cones and the density of single cones in the retina of four species of juvenile Pacific salmon [pink (Oncorhynchus gorbuscha), chum (O. keta), coho (O. kisutch), and chinook (O. tshawytscha)], and in the Atlantic salmon (Salmo salar). 
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Figure 1.  Tangential retinal sections showing the square cone mosaic in chinook parr; double cones (d) make the sides of the unit square, and single cones are located either in the center position (c) or at the corners (cc).  Arrows point to the common partition separating double cone members.

All single cones in the retina of pink alevins contained UV visual pigment and loss of corner cones was restricted to the peripheral ventro-nasal retina of the young smolt.  Single cones in this area of the smolt failed to label with the UV opsin probe but labeled with the blue opsin probe.  Most of the single cones were present in the retina of chum parr; as in pink salmon, the loss of corner cones began in the ventro-nasal periphery, and in this species progressed throughout the retina.  The dorso-temporal quadrant was the only area where corner cones remained in the retina of the smolt.  Most of the single cones labeled with the UV probe in the retina of chum parr (Figure 2); however, the single cones in the smolt retina labeled with the blue probe.  Corner cones and UV opsin label were present throughout the retina of the coho alevin.  In the smolt, however, corner cones were restricted to the dorsal retina and UV opsin labeling persisted in a small patch of cones located in the dorsal periphery. In other regions, the majority of single cones labeled with the blue probe.  The chinook parr had but ~ 25% of the corner cones remaining in the ventral retina, and UV opsin expression was absent from its lower half.  The loss of corner cones continued in the smolt leaving a small patch of cones in the centro-dorsal region where labeling with the UV probe persisted; other regions of the smolt retina had single cones that labeled with the blue probe.  Unlike the retina of Pacific salmon, that of Atlantic salmon had already lost most of the corner cones, except in the dorsal periphery, by the parr stage.  The single cones in this region were the only cones that labeled with the UV probe.  The retina of the smolt was devoid of corner cones, and the labeling of UV opsin was further confined to a smaller region of the dorsal periphery.
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Figure 2.  Tangential sections showing labeling (dark stain) with the UV mRNA probe of all single cones inner segments in the square mosaic of recently hatched chum salmon.

Overall, all single cones in the recently-hatched fish (yolk-sac alevin) contained UV visual pigment exclusively, while the single cones in saltwater-ready smolts had predominantly blue visual pigment. Salmon in between these stages had single cones expressing both UV and blue visual pigment, in accordance with a UV-blue transformation event that progressed from the ventral to the dorsal retina. The timing of the transformation preceded the partial loss of single cones and may be a triggering signal for the latter event. The extent and timing of the transformation and the magnitude of single cone loss varied between species, but both events showed the same topographical trend in all species.
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