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Introduction

Circadian rhythms in animals are entrained by external factors known as zeitgebergs, with being light reported as the main zeitgeberg. In teleosts, light information is transduced by the pineal organ, which is a photosensory organ containing photoreceptor cells (pinealocytes), neurons and ependymal interstitial cells. Pinealocytes are thought to be the source of melatonin synthesis. It is widely accepted that melatonin synthesis in vertebrates is regulated by the environmental light-dark cycle, peaking during  the scotophase and releasing the lowest levels during the photophase. In addition, light exerts a direct action on melatonin production, suppressing the endogenous rhythm while a light pulse during the scotophase inhibits melatonin production (Falcón et al., 1987).

Recent studies have concluded that circadian activity rhythms in tench are driven by an internal circadian clock, which is strongly influenced by light. Even when light intensity was dramatically decreased during the photophase, tench remained strictly nocturnal (Herrero et al., 2003). However, the role of melatonin on light transduction under these conditions is unknown.

In the present study, we looked into the effect of light pulses of different intensities on endocrine (melatonin) and behavioural (locomotor activity) rhythms in tench.

Materials and Methods

Experiment I: effect of one hour light pulses of different intensities at MD on nocturnal melatonin production. Forty-eight tench (938 ± 22 g body weight) were used for this experiment. Fish were reared for two weeks under a 12:12 LD cycle, with an average light intensity during the daytime of 1091 µW/cm2 at the water surface. Before sampling, 32 tench were divided into four groups. Each group was exposed at mid-darkness (MD) to a one hour light pulse of different intensity (1091, 10.5, 5.3 or 3.3 µW/cm2 ). Two more groups were sampled as controls, one at mid-light (ML) and another at MD. Plasma melatonin was determined using a commercial radioinmmunoassay (RIA) kit (IBL, Hamburg, Germany).

Experiment II: Seven tench (100 ± 7 g body weight) were placed in seven 60 L. glass aquaria isolated from external conditions. Locomotor activity was recorded by means of infrared photocells (OMROM E3S-AD62, Japan) placed in each aquarium. Animals were exposed to a 12:12 LD cycle during the first thirteen days and from day 14 onwards a one hour light pulse of 3.3 µW/cm2 was applied at MD.

Results

Experiment I: When a one hour light pulse was applied at MD, plasma melatonin significantly dropped to ML levels (ANOVA, P=0.025) at all intensities tested (1091, 10.5, 5.3 and 3.3 µW/cm2 ).

Experiment II: Locomotor activity rhythms in tench reared under LD 12:12 (L=1091 : D=0 µW/cm2 ) displayed an almost strict nocturnal behaviour. However, when a 3.3 µW/cm2 light pulse was applied at MD the nocturnal locomotor activity of fish dramatically dropped. When the lights were switched off again tench resumed their activity until the photophase started.

Conclusions

The drop in plasma melatonin when a one hour light pulse is applied at MD is consistent with data obtained for other species. For instance, sea bass plasma melatonin shows great sensitivity to light, with light threshold of about 10 lux (Bayarri et al., 2002). In tench, however, melatonin showed greater sensitivity to light, so that a light pulse intensity of 3.3 µW/cm2 (0.3 lux) dropped plasma melatonin to levels close to those obtained at ML. This suggests that melatonin rhythms may be able to transduce weak light signals such as moonlight, and synchronise lunar rhythms.

The change in the activity pattern of tench observed in exp. II, supports the previous findings, as light had a strong masking effect on tench activity rhythms, blocking their expression.
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