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Moth ocellar interneurons show abnormal development in the absence of receptor innervation 
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Summary. Unilaterally ocellate adult moths were produced by cauterization of one of the pair of ocellar primordia in fifth instar 
larvae. The remaining ocellar nerves and associated interneurons of the adult moths were subjected to cobalt infiltration and 
Timm's intensification. Two interneurons from the ablated oceUus were observed to grow into the synaptic region of the remain- 
ing ocellus and presumably made functional connections with ocellar receptor cell axons. 
Key words. Development; interneurons; moth; ocellus; Trichoplusia ni; Lepidoptera: Noctuidae. 

Developing ocellar interneurons of locusts grow out along the 
pathway pioneered by retinula cell axons and form a periph- 
eral synaptic region at the base of the ocelhis2; in moths these 
ocellar internenrons remain within the brain 3. In locusts and in 
moths development of ocellar neuropile follows invasion of the 
brain by developing retinula cell axons 2' 3. This development of 
interneurons along specific pathways has been explained by the 
newly proposed 'labeled pathways', hypothesis which suggests 
that developing interneuron growth cones can recognize and 
extend upon the surfaces of preexisting labeled axons to reach 
their normal sites of innervation 4. Unilateral removal of audi- 
tory afferents result in alterations of the growth patterns of a 
cricket identified auditory interneuron producing a dendritic 
field contralateral to its normal position in the prothoracie 
ganglion 5. Similarly, unilateral removal of cercal afferent in- 
nervation during interneuron development in locust embryos 
results in a reduction in interneuron dendrite development in 
denervated nenropile regions 6. These results suggest that 
normal dendrite development involves an interaction between 
sensory axons and interneurons. 
Cabbage looper moths (Trichoplusia ni, Lepidoptera: Noctui- 
dae) have two dorsal ocelli which develop in the pupal stage 
from larval primordia 7. Parallel with ocellar development, 
three ipsilaterally, two contralaterally and one bilaterally 
projecting large ocellar interneurons arise from neuroblasts in 
the pars intercerebralis and develop in the protocerebrum of 
the brain 4' 8. By carefully using a cauterization technique, ocel- 
lar primordia of fifth instar larvae were unilaterally ablated, 
producing unilaterally ocellate adult moths 7. The ocelli of con- 
trol and unilaterally ocellate moths were infiltrated with cobalt 
chloride, for 19-20 h at 5~ After cobalt precipitation with 
0.01% ammonium sulfide, heads were fixed in Bouin's, dehy- 

drated, embedded in paraffin, sectioned, and subjected to 
Timm's intensification to reveal infiltrated neurons 8'9. Compa- 
rison of the results of infiltrations of control (fig. 1, A, B) and 
unilaterally ocellate moths (fig. 2, A, B) revealed two addi- 
tional infiltrated irlterneurons extending into the synaptic re- 
gion (O) of the remaining ocellus in the unilaterally ocellate 
moths. These neurons were the two contralateraUy projecting 
interneurons from the ablated ocellus (C'). We are certain that 
these interneurons are not displaced ipsilateral interneurons 
from the intact ocellus since portions of two ipsilateral inter- 
neurons are visible in figure 2A and are also shown in figure 3. 
The ipsilaterally projecting interneurons (I') from the ablated 
ocellus were not infiltrated by cobalt chloride but did develop 
(fig. 3). Application of the 'labeled pathways' hypothesis to the 
development of moth ocellar neuropile leads to the proposition 
that the portion of the ocellar interneuron from which the den- 
dritic terminals arise develops along a labeled pathway pro- 
vided by ocellar retinula cell axons. Our findings suggest a bi- 
lateral symmetry in pathway labeling such that in the absence 
of a normal labeled pathway, an alternative, similarly labeled, 
pathway may be followed if it is close enough for contact by 
filopods of developing interneurons 5. The failure of the ipsila- 
terally projecting interneurons of the denervated side to grow 
toward the axon of the contralateral ocellus may be due to the 
distance separating these developing cells from the contrala- 
teral pathways or perhaps to the use of a differently labeled 
pathway by these interneurons. 
An important question raised by our findings is whether these 
abnormally developing interneurons make functional connec- 
tions with ocellar receptor cell axons. A tentative answer is yes, 
due to the fact that these interneurons were infiltrated by co- 
balt passing into them in the synaptic region from the pro- 
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Figure 1. A Photomontage reconstruction of a dorso-posterior view of 
cobalt infiltrated interneurons of the left ocellus of a normal moth. O, 
ocellar synaptic region; I, ipsilateral interneurons; C, contralateral in- 
terneurons; 13, bilateral interneuron. B Line drawing of the ocellar inter- 
neurons in figure IA. 

Figure 2. A Photomontage reconstruction of a dorso-posterior view of 
cobalt infiltrated interneurons of the left ocellus of a unilaterally ocel- 
late moth. O, ocellar synaptic region; I, ipsilateral interneurons; C, con- 
tralateral interneurons; B, bilateral interneuron; C', contralateral inter- 
neurons opf right ocellus. B Line drawing of the ocellar interneurons in 
figure 2A. 

ximal end of ocellar receptor cell axons which had been filled 
distally, and cobalt passage is believed to be an indicator of 
functionally contiguous neurons ~~ 
These results may also be significant in understanding the exis- 
tence of only two rather than three dorsal ocelli in moths 3. Can 
it be that  each moth dorsal ocellus is composed of the lateral 

Figure 3. Dorso-posterior view of the ocellar interneurons in the cross- 
section from the brain of a unilaterally ocellate moth stained with Mal- 
lory's triple stain. I, C, ipsilateral and contralateral interneurons of the 
left ocellus, I', C', ipsilateral and contralateral interneurons of the right 
ocellus. 

ocellus plus one half of the median ocellus? If  this is the case it 
could help explain the proposed similarity of the two labeled 
pathways followed by the contralaterally projecting ocellar in- 
terneurons during development. 
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