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A Sleep Disorder in Zebrafish: Analysis of a Population that Spawn before Dawn
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Abstract

Zebrafish normally spawn after lighting under the cycle of 14 hour-light and 10 hour-
dark periods. We here report a group of zebrafish that spawn within about 1 hour before
or after lighting. We call them (or their behavior) HAYAOKI (abbreviated HO hereatfter,
and which translates as “early bird” in Japanese) because they often spawn in the dark
as if they have predicted the coming dawn. Whereas the spawning of non-HO fish is
usually inhibited in the dark, the spawning of HO-fish appeared not. Both the spawning
of a HO male with a non-HO female and a HO female with a non-HO male resulted in a
similar spawning as for a HO pair. The origin of HO spawning, while still unknown, may
be linked with the environment during the growth of the fish. These observations
suggest that fish in the HO condition may provide a model case study for sleep disorder.
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Fig. 1. Atypical posture of zebrafish (drooping caudal fin) in a state of inactivity

which is considered as sleep
A video frame recorded at midnight in the dark using a Sony Handycam (HDK-SR12)
with infrared illumination provided by the Nightview function. Scale bar: 5 mm.

Fig. 2. A spawning behavior of zebrafish

A video frame recorded in the morning after lighting using a Sony Handycam
(HDK-SR12). A male fish (slim and slightly orange or yellow-colored on the right) is
actively chasing after a female fish (silver-colored with a round belly on the left). Scale

bar: 10 mm.
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Fig. 3. Tracking analysis of sleep, swimming in the dark (a, c and d), and
chasing after female by male, a behavior related to spawning, under the light after
dawn (b and e).

Video recordings taken as above for 4 sec were analyzed by tracking the movement of
an eye, the tail fin, or the head, one frame by one, manually or automatically with
DippMotion2D software (a, b). The intervals between the successive frames were 0.01
sec for a, ¢ and d, and 0.03sec for b and e. The speed of each moment was calculated
with the same software and plotted on graphs (c, d, €). Two males and two females (a),
or a pair of male and female (b) fish were put together in a cage with a reversed
V-shaped metal mesh at the bottom. In b, a mirror was set beside the tank, reclined 45
degrees against a side of the tank, so that the record can be made both in dorsal (lower)
and side (upper) views simultaneously. Note that, during the sleep (a and c), a fish was
sliding down slowly without moving the head or the tail. Fish can be moderately active
in the dark (a and d). On the other hand, a male is actively chasing a female under the
light after dawn (b and e). Scale bars: 20 mm.
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Fig. 4. Histograms comparing the time of spawning by normal (upper) or
HAYAOKI (lower) zebrafish group

The light was turned on in the morning and 14 hour-light and 10 hour-dark cycle were
maintained. The dark bar under the histogram indicates the period in the dark and the
empty bar indicates the period in the light. The horizontal axis indicates the time in hours,
in which the time to turn the light on in the morning is designated as 0, and the vertical
axis indicates the averaged percentage of spawned eggs.
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