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Minimum downward irradiance recognized by
Japanese spiny lobster

Takashi KoikE, Kooji HAvasHi, and Yutaka NAGATA

Abstract
The Japanese spiny lobster (Panurilus japonicus) shows nocturnal habit. The diurnal brightness varia-
tion was reproduced in our experimental tanks by setting a 12-hour bright period (daytime) and a 12-
hour dark period (nighttime), alternatively. The lobster was kept and habituated on the condition of
the 3.3 x 10° Iz daytime brightness and of the 0 Iz nighttime brightness for several days prior to each
experimental run. Then, the daytime brightness was lowered to the following levels (0 Iz, 6.8 x 10~ Iz,
23 x 107" Iz, 5.2 x 10 Iz, 35 x 107" [z). The lobster sustains its diurnal variation pattern even after the
change of the daytime brightness. However, if the daytime brightness is lowered than some critical
value, the variation period tends to be shortened and the period of diurnal activity variation becomes
significantly shorter than 24 hours. Such phase shift of the activity variation does not occur when the
daytime brightness values remain higher than this critical value, so the variation pattern of spiny lob-
sters can be said to completely correspond to that of the brightness change. By using this nature, we

determined this critical brightness value was about 2.3 x 10~° Iz.
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Fig. 1. Schematic view of the experimental apparatus.
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Table 1. Experimental conditions of each run.

Run  Brightness Water Date
No. N/D temp.
659) )
1 0/0 19.0—224 May 28-July 2 1993
2 0/68x10"°" 21.7—225 July 3-July 25 1993
3 0/23%x107° 196—23.7 Sep. 21-Oct. 31 1993
4 0 /52x107* 225-—-278 July 1-July 15 1990
5 0/ 35X107* 23.1—26.0 June 17-June 30 1990

* N:nighttime D:daytaime
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Fig. 2. Daily variation of the diurnal activity of the lobster in run 1. The activity frequencies per hour are plotted
on the ordinate, and its scale is shown at the bottom of the right corner. The change of the daytime period are
plotted on the abscissa. The nighttime is shown by black horizontal bars and the daytime by white bars. The
numerals attached on the left side of each figure show the day number, and those in circles indicate that they

are in the habiuation period.
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Fig. 3. The same as in Fig. 2, except for run 2.
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Fig. 4. The same as in Fig. 2, except for run 3.
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Fig. 5. Relation between the water temperature (°C)
and the accumulated activity frequency per day.
The straight line in the figure is obtained by the
least square method. Data points shown by white
circles are obtained in the present experiments,
and those by black circles in the previous

Table 2. Activity frequencies per hour for nighttime (N) and for daytime (D) for each habituation period and for
each sub-period of one week length. The last sub-period in each run may be shorter than one week, and 4 days
() or 6 days (#*). The standard deviations are also ahown. The variation periods (in hour) obtained by the
periodgram analysis are shown in parentheses. The brightness conditions are reproduced in the left side

Run

Brightness

habituation first week second week third week fourth week
No. (1x) ‘
N 0 155.0£25.2 12851278 81.8138.9 451+t 6.9 91.111.9
1 D 0 38.21+323 374+178 129.5+37.2 144.7+14.3 111.2+14.6
(24.0) (24.0) (22.8) (23.6) (23.8)
N 0 119.5+9.8 104.7425.9 493+ 7.3x%
2 'D 68x10°° 25.7+54 583+ 9.9 53.2::204 *
(24.0) (234) (238) *
N 0 136.4+30.9 127.3£21.0 128.0£10.1 145.7+16.0
3 D 23x10°°% 198t 7.2 46.6+16.1 341+ 9.2 376+ 88
(24.0) (23.8) (24.2) (24.0)
N 0 86.8+ 9.7 66.8+11.0
4 D 52x107° 19.5£10.8 126+ 24
(24.0) (24.0)
N 0 624134 81.2£13.5 *x*
5 D 35x10°* 147+ 48 941E 1.3%:*
(24.0) (24.0) **
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Fig. 6. Temporal changes of the lobster activity fre-
quencies per hour averaged over nighttime (black
circles) and over daytime (white circles) for each
day: ais for run 1, b for run 2, ¢ for run 3, and d for
run 4, respectively. The day numbers are plotted
on the abscissa. The left side of the vertical line in-
dicates the habituation period.
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Fig. 7. The same as in Fig. 2 except for run 4. No
habituation period is set in this run.
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habituation period is set in this run.
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