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General views of lunar synchronization of fishes

Complex associations of the sun-earth-moon orbit causes changes in tide and moonlight intensity on the earth. It has been reported that many reef fishes utilize such rhythmic changes for synchrony of recruitment, development and release of gametes. At present, however, some of the evidence related to lunar-related reproductive rhythm are circumstantial or unconfirmed, because most studies have been carried out based upon field observations of spawning behavior and occurrence of spawned eggs. The lack of definitive physiological studies compounds the problems for determining the lunar synchrony of reproduction. Understanding the participation of the moon in the synchrony of biological activities in fishes is significant from the perspective of aquaculture as well as chronobiology.

There are diverse adaptive strategies to lunar synchronization among the reef fishes. They are categorized as the semi-lunar and the lunar spawning cycles, the spawnings of which roughly occur at intervals of every 2 weeks and 1 month, respectively. Certain territorial and site attached damselfishes exhibit reproductive activity with peaks near the new and/or the full moon. The spawning periodicity relative to the time of high tide has been reported in wrasses. The advantage of these strategies (semi-lunar cycle) may be to minimize immediate egg and larval predations and facilitate their transportation to offshore locales by strongest outgoing tide. 

The synchronous spawning of rabbitfishes and groupers occurs around a specific lunar phase (Rahman et al., 2003). In those cases (lunar cycle), synchronicity of spawning occurs in places without a direct effect of tidal stimulation. These examples suggest a possibility that an advantage of lunar periodicity is to be synchronized gonadal maturation and increased opportunity for encounter with appropriate partners for successful spawning.

Moonlight perception and utilization by a lunar-synchronized spawner
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Very few studies have investigated lunar synchronization in teleost fishes from physiological aspects. Although lunar-related synchrony is an important rhythm, it is unclear where fish perceive cues from the moon and how fish transmit such cues as endogenous stimuli. As one of possible cues from the moon, we examined the perception and utilization of moonlight conditions by the golden rabbitfish, Siganus guttatus, which spawns around the first quarter moon during the reproductive season. Through experiments, we paid attention particularly to melatonin, which was measured by means of time-resolved fluoroimmunoassay (Yamada et al., 2002). 

Melatonin concentrations in the blood of the fish were at low levels during daytime and then increased and peaked at the midnight (24:00). Additionally, comparison of the plasma melatonin concentrations at night revealed significant difference between the full moon (low level) and the new moon (high level). These results suggest that the plasma melatonin concentration changes not only with daylight intensity but also with moonlight intensity. Exposing the fish to moonlight intensity at the midnight of the new and the full moon resulted in rapid and significant decreases in the plasma melatonin concentrations to control levels (Figure 1), suggesting that the fish possibly perceives the ‘brightness’ of the night. 

When the fish were reared under natural conditions, spawning occurred at the expected spawning dates. On the other hand, rearing the fish reared under the constant darkness and lightness of night disrupted the expected spawnings. It is possible that night conditions are related to synchronous gonadal development and spawning in the golden rabbitfish. 
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Figure 1. Changes in plasma melatonin concentration after moonlight exposure at the full moon (upper) and the new moon (lower).








1
4

