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Introduction

Proper vision is fundamental for survival during early development of fishes, as most of them are sight feeders (Gerking, 1994) and use visual cues to avoid predators.

Studies of the visual system in fishes have focused on assessments of optomotor (whole body swimming)
Materials and Methods

All experiments used Eagle Lake strain rainbow trout, and observations occurred from hatch until the swim-up stage (65 days post-fertilization, dpf), and at 90 dpf. Behavioural visual function was evaluated using an apparatus and operational procedures described in detail in Carvalho et al. (2002). The first endpoint is related to the capacity of discriminating detail, and is quantified based on the smallest stripe width to which the fish responds positively. The second endpoint is related to the capacity of detecting movement at different light illuminances, and is measured as flicker fusion thresholds (FFT), defined by the number of cycles (one black plus one white stripe) that rotate surrounding the fish at a certain speed. The third endpoint is an optomotor based low light sensitivity threshold, quantified as the scotopic threshold (ST).

The same groups of fishes from which behavioural measurements were obtained were also used for our analyses of retinal histology using conventional methods for light microscopy, and for analyses of retinoids, carotenoids, and vitamin E by HPLC. The linear densities of the photorrecetors cones and rods and of retinal ganglion cells (RGC) per 100 µm of retina were quantified using an inverted microscope.

All data sets of replicates of different individual fish at different developmental stages related to chromatographic, retinal histology and behavioural visual function analyses were analysed using either One-Way Analysis of Variance (ANOVA) or Kruskall Wallis non-parametric One-Way-ANOVA.

Results and Discussion

The visualization of an image begins with the capture of photons by visual pigments within the retinal photoreceptors. The availability of the retinoid all-trans-retinal is critical in the process of phototransduction and the propagation of synaptic impulses from the retina towards higher centers of the brain (McBee et al., 2001). All-trans-retinal was detected only at swim-up (6 ng.fish-1). The period from approximately 14 days post-hatch (when all-trans-retinal was not detected) to swim-up coincides with the period during which visual function improves significantly. Rainbow trout optomotor responses start at 10 dph (Figure 1) and sensitivity to low light (Figure 2) and motion detection abilities increase during the same period. The length of the cone ellipsoid layer increased from 1 dph to 40 dph in rainbow trout (Figure 1), accompanied by improvements in behavioural visual acuity (Figure 1). Low light sensitivity increased 2.2 log10 units during the developmental period evaluated. This improvement in the scotopic threshold correlated with an increase in rod density during the same period, which changed from zero at hatch to approximately 30 cells.100µm-1 at swim-up, with a steep increase at around 12 dph (Figure 2).
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Figure 1.  Mean ± 95% CL behavioral (!) and histological (a) visual acuity and cone ellipsoid length (▲) during early development of rainbow trout.
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Figure 2. Mean ± 95% CL scotopic thresholds (!, lux and ■, W.cm-2) and retinal rod density (○) during early development of rainbow trout.

We demonstrate an ontogenetic improvement of motion detection skills in rainbow trout. Larger FFTs were measured at later developmental stages and at higher light illuminances. Although motion detection skills are very important and of evolutionary significance, quantifications of FFT for fishes along early development has been quantified only in the medaka (Carvalho et al., 2002). Under scotopic conditions, 90 dph rainbow trout exibited better motion detection skills than juvenile medaka, as rainbow trout FFT reached 2.0 cycles.s-1 at -4 log10 illuminance in lux (log I), whereas medaka were not responsive at a light illuminance one order of magnitude higher (log I = -3) (Carvalho et al., 2002). These differences are possibly related to a higher number of rod photoreceptors already developed at that stage for rainbow trout. 

Conclusions

The results obtained in this study have shown significant improvements in visual function measured as acuity, flicker fusion and scotopic thresholds during early development of rainbow trout. This increase in sensorial capabilities reflected changes in the concentration of all-trans-retinal, a retinoid involved in phototransduction, and in the structure of retinal photoreceptors, providing an integrated perspective on early development of visual function in rainbow trout. A better understanding of these processes can provide information that is relevant in the management of impacted fish populations.
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