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Virgin females of Leucophaea maderae reveal a circadian rhythm in their locomotor activity
which is superimposed by the ovarial cycle. Locomotor activity of last larval instars does not

exhibit a circadian pattern.

Locomotor activity of cockroaches, especially Leu-
cophaea maderae, has frequently been used in cir-
cadian rhythm research. Most of the work, however,
has focused on adult males [1], whereas females
were mentioned to show generally a more erratic
pattern [2]. Activity records of female Periplaneta
americana were discussed as being correlated with
the reproductive cycle [3]. Only one recent study
compared in more detail the activity rhythms of
female and male adults and of the first 4 larval
instars of L. maderae [4]. Additional results on
females and last larval instars are reported here.

Locomotor activity was recorded in running-
wheels under continuous red light (up to 40 pW/cm?)
and constant temperature (28 °C £ 1°C) [5]. Tem-
poral alterations in the amount of activity instead of
a continuous pattern characterize the actograms of
adult virgin females of L. maderae (Fig. 1). Still, a
circadian free-running period can be detected, since
the sections of high activity fit a straight line con-
necting the onsets of activity. About 7— 10 days after
the last moult a circadian activity pattern occurs for
5-15 cycles. Subsequently females stay inactive for
4—5 weeks until another section of activity follows,
and so on. About 8—10 days after activity ceased an
empty ootheca was often found in the running
wheel. As insects frequently feed on the ootheca [6],
it may not have been discovered in all possible
cases. Female cockroaches release pheromones re-
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lated to their sexual cycle [7, 8], and the first
maximum of release occurs during the second week
following the imaginal moult [7]. That coincides with
the first section of locomotor activity in our data.
Virgin females of L. maderae ovulate every 4-—35
weeks, but longer intervals were also found [6]. This
corresponds again to the sections of high activity in
our results. The locomotor activity pattern in female
L. maderae can therefore be traced back to a super-
position of the circadian rhythm and the ovarial
cycle.

Last larval instars of L. maderae are mainly active
during the dark part of an LD-cycle. In constant
conditions, however, rhythmicity disappears. Some
regular patterns may occur for several days, but they
are fequently interrupted by discontinuities such as
phase jumps or period changes (Fig. 2). To deter-
mine if any periodicity underlies such patterns, a
time series analysis of four arbitrarily selected acto-
grams (average time recorded: 37 days) was per-
formed by using TIMESDIA [9]. Fig.3a shows the
periodogram of Fig. 2a. No significant general pe-
riod-length in the circadian range was discovered. In
two cases a significant semi-circadian component
was found; an example is given in Figs. 2b and 3b.
The estimated period-length is indicated as 11.65 h.
Yet, as shown in the phase diagram of the complex
demodulation (Fig. 3¢), the ryhthm is not stable and
not continuously present in the time series: the
instantaneous phase of the periodicity under investi-
gation is not a straight line (for more details about
complex demodulation we refer to [10]).

These findings differ in some respects from results
by Page and Block [4], who reported circadian
rhythms in the first larval instars of L. maderae,
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though sometimes discontinuous or not very pro-
nounced. Both sets of results may, however, be ex-
plained by a stochastic model without the assump-
tion of a clock mechanism [11]: its simulations show
patterns similar to those presented here, as well as to
the rhythmicity found by Page and Block. Since
adult males do show a circadian rhythm which is
obviously controlled by an oscillatory mechanism
[12], L. maderae would be another example for
different mechanisms underlying circadian rhythms
in different developmental stages [13]. To prove
such coherence requires further investigation.

[1] J. Brady, Adv. Insect Physiol. 10, 1-115 (1974); T. L.
Page, J. Comp. Physiol. 124, 225-236 (1978); T. L.
Page, C. P. Calderola, and C. S. Pittendrigh, Proc.
Nat. Acad. Sci. USA 74, (3), 1277-1281 (1977).

[2] S. K. Roberts, J. Cell. Comp. Physiol. 55, 99-110
(1960).

[3] J. E. Harker, J. Exp. Biol. 33, 224—234 (1956); G. R.
Lipton and D. J. Sutherland, J. Insect Physiol. 16,
1555-1566 (1970).

[4] T. L. Page and G. D. Block, (in press).

[5] G. Wiedenmann, J. Interdiscipl. Cycle Res. 8, 3—4,
378—-383 (1977); K. Hofmann, M. Giinderoth-Pal-
mowski, G. Wiedenmann, and W. Engelmann, Z. Na-
turforsch. 33 ¢, 231—-234 (1978).

[6] F. Engelmann, Biol. Zbl. 76,722—-740 (1957).

[7] M. L. Wharton and D. R. A. Wharton, J. Insect Phy-
siol. 1,229-239 (1957).

- Activity Patterns of Female and Larval Leucophaea maderae

Acknowledgements

This work is part of a Ph.D.-thesis (G. W.), and
was accomplished by cooperation between our labs
in Tiibingen and Bonn. It was supported by grants
from Deutsche Forschungsgemeinschaft to Wolf-
gang Engelmann (En 42/14, En 42/18, En 42/19) and
to Klaus Brinkmann (Br 377/12).

[8] F. Engelmann, Experientia 16, 69 (1960); R. H. Barth,
Science 133, 15981599 (1961).

[9] W. Martin and K. Brinkmann, J. Interdiscipl. Cycle
Res. 7,251-258 (1976); W. Martin, U. Kiprg, and K.
Brinkmann, EDV in Medizin und Biologie 8, 3, 90—
94 (1977).

[10] W. Martin and K. Brinkmann, Proc. of XIII Int. Con-
gress of Int. Society of Chronobiology, Pavia, Italy,
(D. K. Hayes and F. Halberg, eds.), (in press).

[11] H. Kaiser and U. Lehmann, J. Comp. Physiol. 96,
1-26 (1975).

[12] G. Wiedenmann, Z. Naturforsch. 32c¢, 464—465
(1977); G. Wiedenmann (in press).

[13] W. Engelmann and J. Mack, J. Comp. Physiol. 127,
229-237 (1978).



