



























































































































































































































































































































































has never before been investigated and it seemed worthwhile to
examine the phecnomenon of "warm-up" in Nudaurelia in the light

of Jilson's results.

Warm=up is distinct from normal flight in two important
respects - {a) the amplitude of the wing beat is very small, and
(b) in some cases (in Nudaurelia at least but not in Thgretra
- See Table 2.4), the oscillation frequency of the wings is in-
creased. It seems likely therefore that the "warm-up" pro-
grams and flight programs from the central nervous system are
different. From this thc¢ question arises as to whether the
central "warm-up" program is a rcorganization of the normal
flight program or whether there is a distinct centre responsibile
for the warm-up program. The sinsory aspects involvéd are not

considered in this investigation.

By reference to Plate 2.4 it is evident that the likely
location for the "warm-up" centre must be either in the. pro-
thoracic ganglion or in the combined mesothoracic and meta-
thoracic ganglia (which will be referred to as the pterothora-
cic ganglion in future). If the warm-up centre is located in
the pterothoracic¢ ganglion the likely axonal pathways are through
nerva N2 and nerve NDL to the longitudinal flight muscles and
through nerve NDV and two other nerves, not illustrated in the
diagram, to the dorso-ventral flight muscles. On the other
hand the warm-up centre may be located in the prothoracic ganglion
and the nervous pathways may either run through nerve N1 which
jeins nerve N2 and innervates the dorsal longitudinal muscles,
or they may run from the prothoracic ganglion through the inter-
ganglionic connectives by way of nerve N2 toc the dorsal lengitu-

dinal muscles. Also if the warm-up centre is located in the



be considered and that is that the warm-up centre may be located
in the pterothoracic ganglion with axonal connectives passing
through the interganglionic connective IGC to N1 and from there
to the dorsal longitudinal muscles. In this case the dorso-
ventral muscles would be innervated directly through nerve NDV

and others.

The following observations and experiments indicate which of

these alternatives is the more likely.

Initially it was noted that if, during vivisection, the pro-
thoracic ganglion was touched w h a dissecting instrument, the
wing muscles could be made to shiver in a manner very similar to
warm-up. Touching the pterothoracic ganglion produced violent
flapping. This suggested that the warm-up centre might be
located in the prothoracic ganglion, Direct current stimulation
of the prothoracic ganglion with the wing flapping freely (for
details see material and iethods), resulted in apparent werm-up
which backs up the last ohservation, Direct current stimu-
lation of the ptercothoracic ganglion and more intense stimula-
tion of the prothoracic ganglion produces flapping but warm=-up
could not be induced by stimulation of the ptercothoracic ganglion.
Intense stimulation ¢of the pterothoracic ganglion results in
tetanic contraction of both sets of wing muscles. The muscles
contract tetanically with the wings in the up or down position
depending on the polarity of the stimulating electrodes. What
determines whether the wings will flap to the up or down position
{as both dorsal longitudinal and tergo-sternal muscles seem to

contract tetanically) is not clear.

The possibility that the warm-up centre may be located in





































































