
tured as a parallel distributed processing 
system; (c) invariances: the evaluations 
of 11 and 12, invariant under the object's 
location in the camera's viewing field and 
its direction of movement, are inherent 
in the processing structure; (d) approx- 
imation vs. exactness: the "relation" 
property of dimensioning guarantees 
robust object classifications; (e) general- 
ization: objects that are different from 
compact rectangles can be selected, too; 
(f) adaptive properties: for appropriate 
parameter settings the algorithms allow 
the net to adapt parameters quickly 
depending on the global stimulus fea- 
tures provided to the system. The net 
will be improved, e.g., with respect to 
the evaluation of spatiotemporal stimu- 
lus properties and velocity invariance. 
Furthermore, the classification of an 
object will be performed by means of a 
Kohonen net. 
For a simple class of objects, this MOD- 
Net was successfully tested in an experi- 
mental platform [6] after the problems 
concerning the interfaces "sensor- 

MODNet-actor" were solved (Fig. 4). 
An object passes an infrared gate that 
releases the camera whose output pro- 
cessed by the net tells a robot, for exam- 
ple, to grasp only small elongated 
objects oriented in the belt's direction of 
movement, and to sort these according to 
their different lengths. The net's directio- 
nal invariance allows variable camera 
positions. The platform will be expanded, 
so that the net also provides information 
for the grasping patterns of the robot 
depending on the dimensions of the 
object and its position on the belt. 
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A prerequisite for an evolutionary 
change of function is the capacity of a 
morphological structure to perform two 
(motor) tasks [1]. To what extent then is 
the previous neuronal machinery associ- 
ated with the use of the structure 
retained, reduced, or modified for the 
new task [2, 3]? Cicadas may provide an 
excellent example where such a question 
can be addressed: in cicadas it is pro- 
posed that originally both sexes pro- 
duced sound signals (as is still the case in 
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many of the cercopidae; [4]). The recent 
cicada females have lost the ability to 
produce sound, but they still possess a 
timbal montoneuron [5, 6]. This ,,timbal 
motoneuron" innervates a muscle which, 
together with two other muscles, serves 
a different function, i.e., the tensor tym- 
pani muscle which acts on the tympanal 
membrane which most likely leads to a 
modulation of the auditory threshold [6, 
7]. In males, too, there is evidence that 
the timbal muscle helps to perform the 
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task of tympanal relaxation by its tonic 
component during singing [8]. Here, we 
compare the motor programs in males 
and females associated with the common 
motoneuronal pathway in order to 
describe possible changes in the motor 
pattern. 
The activity of the auditory nerves, 
which also carry the axons of the timbal 
motoneurons in males and females of 
Okanagana rimosa [5], was recorded 
using silver hook electrodes (~  50 ~tm). 
Singing activity in males was induced by 
touching the animals at their head, anten- 
nae, mouthparts, and various areas of 
the abdomen or by stimulating the brain 
electrically [8]. The sounds elicited were 
sometimes very irregular in time as is not 
unusual for the disturbance squawks of 
cicadas. The following analysis is based 
on the regular sections of the distur- 
bance squawks which was the most corn 
mon pattern elicited in males. Females 
were also mechanically and electrically 
stimulated at the same areas as the males 
and the activity of the auditory nerves 
recorded. Furthermore, auditory thresh- 
olds were determined in each female 
tested for a motor pattern expression 
using brief (1.3 ms in duration) loud- 
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speaker clicks. The auditory nerve 
response was digitized and then aver- 
aged 30 times. 
In males the motor pattern of the dis- 
turbance squawk, elicited by touching or 
by electrical brain stimulation, consisted 
of very regular spike sequences in each 

nerve recording (Fig. 1 A). Each timbal 
buckling resulted in the production of 
two to four sound pulses. The combined 
activity of the timbal motoneurons driv- 
ing both timbal muscles produced groups 
of four to eight sound pulses followed by 
a short pause (Fig. 1 A). In females, a 
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regular pattern of activity of the "timbal 
motoneuron" was elicited either by 
touching the females at the same body 
parts as the males or by electrical brain 
stimulation (Fig. 1 B). There was always 
an alternating activity pattern as in the 
males. The periods and the phase rela- 
tionships of the motoneuronal activity 
recorded in the auditory nerve in four 
males and four females are exemplified 
in Fig. 1 C to F for one individual of each 
sex. Periods in males measured 16.0 ms 
(standard deviation +1.6 ms; Fig. 1 C) 
and phase measured 0.29 (standard 
deviation _+0.017; Fig. 1 D). In females 
the periods were longer than in the 
males (27.4 ms) and showed a higher 
standard deviation (_+6.4 ms; Fig. 1 E). 
The phase relationship in females was 
different from the males (0.46) and 
showed a higher variability (standard 
deviation _+0.041; Fig. 1 F). Thus, fe- 
males can express an activity pattern in 
the ,,timbal motoneuron" which is very 
similar - albeit not the same - as that of 
the males. The pattern can be elicited by 
the same manipulations as in males 
which shows that the sensory pathways 
involved in eliciting the motor pattern in 
males also appear to be present in fe- 
males. 
The muscle innervated by the "timbal 
motoneuron" in cicada females is the 
tensor tympani which - along with other 
muscles - probably helps to relax the 
tympanum which might allow the cicada 
to adjust its auditory threshold to sur- 
rounding noise levels [6, 8]. In order to 
test whether the activity of the "timbal 
motoneuron" has such a motor effect on 
the tympanum, we stimulated the re- 

Fig. 1. Recordings of both auditory nerves 
which carry the axon of the timbal motoneu- 
ron in males and a likely homologue in fe- 
males [6]. A) Males show a regular motor pat- 
tern when touched or when electrically stimul- 
ated at the brain (upper and middle trace: 
auditory nerve recordings, bottom trace: 
sound). B) Females show a similar pattern of 
activity as the males when touched at the same 
areas or stimulated electrically (upper and 
lower trace: auditory nerve recordings). Time 
scale for (A, B) 50 ms. C-F) Histograms of 
period distributions and phase relationship of 
the two timbal motoneurons in males and 
females measured from recordings as in (A) 
and (B). Examples shown are from one male 
(C, D) and one female (E, F). Means and 
standard deviations of all animals tested are 
given in the text 
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males acoustically (loudspeaker clicks 
from 30 to 80 dB) while the motor pat- 
tern was recorded from the auditory 
nerve. A comparison of the magnitude of 
the auditory nerve response with and 
without "timbal motoneuron" activity 
showed that there was a small reduction 
in the response amplitude when the 
motoneuronal pattern was present (Fig. 
2; data from four females). 
In conclusion, the O. rimosa females 
possess not only the timbal motoneuron 
from song production abilities of their 
ancestors but are also able to express a 
song-like - albeit not O. rimosa-specific 
- motor pattern. The sensory pathway 
initiating the song pattern in males is 
also present in the females, although 
details are not known for either sex. The 
rather pronounced change in structure is 
accompanied by rather subtle changes in 
the neuronal system as is also described 
for grasshoppers [2] and phasmids [9]. 
The ancestral timbal motoneuron and 
muscle in cicada females have appar- 
ently undergone a change in function 
from sound production to auditory 
threshold modulation. The persisting 
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Fig. 2. Comparison of the normalized audi- 
tory nerve response to loudspeaker clicks 
from four females each with (IZ) and without 
(11) timbal motoneuron activity. Symbols 
represent mean values, horizontal bars show 
standard deviations 

"old" motor program associated with 
sound production in females is a chal- 
lenge for further research, because it is 
still not known how the "old" motor pat- 
tern is incorporated in the "new" motor 
control task. 

We thank K. Schildberger and G. Horse- 
man for their valuable comments on the 
manuscript. 
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Butterflies can detect light by the genita- 
lia as well as by the compound eyes. The 
photosensitivity of the genitalia is medi- 
ated by two pairs of extraocular photore- 
ceptors. Unlike earlier examples of ar- 
thropod extraocular photoreceptors that 
are localized within the central ner- 
vous system [1-3], the butterfly genital 
photoreceptor is the first conclusive 
example of a peripheral photosensory 
neuron in arthropods [4]. While the 
response characteristics [5] and the ultra- 
structure [6] of the genital photorecep- 
tors have been studied so far, the func- 
tional aspects of the unique system are 
not yet known. 
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In response to light stimulation of the 
genitalia, there are some movements of 
the abdominal segments. For example, 
when the butterfly curls the abdomen, 
the light stimulation of the genitalia 
causes the extension of the abdomen. We 
previously identified a neuronal circuit in 
the last abdominal and the penultimate 
ganglia where photoreceptor activity 
inhibits some abdominal motoneurons 
that innervate longitudinal muscles [7]. 
The circuit apparently constitutes a part 
of the mechanism of the abdominal 
extension response. Analysis of the neu- 
ronal mechanism underlying such a light- 
induced behavior may serve to elucidate 
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the functional significance of the photo- 
receptive system. 
In response to light stimulation of the 
genitalia, butterflies not only release the 
curled abdomen but also exhibit various 
other local movements of the genitalia. 
This report describes one such move -  
ment in male, the valva-opening 
response (VOR), and demonstrates that 
the VOR is directly induced by the activ- 
ity of the genital photoreceptors. Since 
the valva is a specialized structure for 
copulation, our results suggest that the 
genital photoreceptive system has some 
role in controlling the copulation behav- 
ior. 
Figure 1 shows the VOR in an intact 
male Papilio protenor. The photographs 
were taken from the ventral side without 
(a) and with (b) illumination from the 
posterior end of the animal. The butter- 
fly opens the valvae widely in the pres- 
ence of light. The movement of valvae 
observed here always occurred symmet- 
rically, i.e., bilateral valvae open or close 
simultaneously. 
The photoreceptive sites exist on the sca- 
phium (photoreceptive site 1, P1) and on 
the diaphragm (P2), both of which are 
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