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Introduction

Active movements of fish in response to external environmental variations follow cyclical patterns that with the pass of time give as a result biological rhythms endogenously driven. The periodicity of these rhythms may be ultradian, circadian and infradian. Within this last category, the circannual and the lunar rhythms are the better studied. Night-active species from shallow fresh water may be subjected to periodic changes in the brightness of moonlight and some of them synchronize their activities with the lunar day of 24.8 h or even with specific phases of the lunar month (Newmann, 1976). The experiment, kept outdoors under the direct illuminant and gravitational influence of the moon, was designed to prove the lunar effect on the locomotor activity in a fish species whose circadian daily rhythms have been reported to follow a strict nocturnal activity pattern: the tench (Tinca tinca). Results showed that lunar cycle affected the locomotor behaviour of tench, being a highest activity recorded under full moon.

Material and methods

The experiment was carried out in the flat roof at the top of the Biology Faculty (Murcia, Spain), with eight tench of 80 g body weight, kept in pairs in four 60-litre, fresh water aquaria, exposed to natural environmental conditions. Every aquarium was fitted with infrared photocells (Omron, E3S-AD62, Japan) connected to a computer to continuously record fish movements. The counts made when fish interrupted the light beam of the photocells were stored every ten minutes by computer. A glass cap was disposed on the top of the aquaria and the sides were covered with black plastic film, in order to improve isolation and to prevent fish from seeing each other.  Every aquarium was supplied with an individual filter and a water-heater that minimized the daily temperature variations. A constant register of the temperature was obtained through a sensor (iButton-TMEX, USA), which recorded mean temperature at 10-minute intervals. Two PVC tubes were placed in every aquarium as a shelter for the fish. Food was provided twice a week in a 2% body-weight. Aquaria were exposed to natural light conditions and photoperiod during the three lunar cycles that lasted the experiment. Stored data from photocells and temperature sensors were analysed with a chronobiology software (Temps v.1, 179 by Dr. Díez Noguera, Barcelona) and with the Excel program. The Temps program allows displaying the results in actograms which were double-plotted for a convenient visualisation.

Results

Results of the experiment developed outdoors under the direct influence of the moon on the locomotor activity of tench, showed differences under every moon phase. The locomotor activity peaked during full moon and daily activity also differed during the first and last quarter (Fig. 1), though not significant differences were found between them.  

Discussion

Tench is a fish species with high sensitivity to light, developing a negative phototaxis in its locomotor activity which is synchronized to the dark phase of the photoperiod despite its length and even if it is shortened to two hours. The nocturnal behaviour of tench was kept also when differences in light intensities between the scotophase and the photophase were as minimal as LD 0.3:0 lux (Herrero et al, 2003). Such a nocturnal behaviour led us to think that the different light intensities of every lunar phase may have certain influence in the activity of tench, showing preferences for developing a more intense locomotor activity during new moon, when light intensities are at its lowest. Indeed, locomotor activity in tench was influenced by moon phases therefore, results revealed a peak of locomotor activity during the periods of full moon.
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Figure 1.  Actograms of locomotor activity from 2 representative tench under the influence of different lunar phases. White and black bars at the top of the graphs indicate the light and dark phases, respectively. Peak of activity was registered under full moon. 

The results obtained indicated that the different light intensities might not be what synchronised lunar rhythms in tench, being discussed the importance of the illuminant influence in the lunar rhythms of tench under environmental conditions. Results about activity rhythms following the lunar cycle are consistent with those found for other fish species as Sparus aurata which has been reported to be under the moon influence in their feeding rhythms and indication of a maximum intake has been observed under full moon (Sánchez-Muros et al, 2003) or Caecomastacembelus zebratus whose proportion of feeding activity was much higher in the first and second quarters of the lunar cycle (Ochi et al, 1999).
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