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INTRODUCTION 

Most insects possess two types of photoreceptors: The large 

compound eyes composed of numerous ommatidia each with its own lens 

and a small number of sense cells below, and the ocelli, composed of a 

single lens and with numerous sense cells beneath it. 

In most cases, when present, the ocelli are quite visible. How

ever, many insects lack obvious external ocelli and have thus been de

scribed as anocellate. Recently, an internal ocellus was discovered in 

sphinx moths previously considered anocellate (Eaton 1971). In order 

to gain a further understanding of the internal ocellus it was necessary 

to compare it to an external ocellus of another moth. One phase of this 

research was directed toward determining the structural characteristics 

of the external ocellus of the cabbage looper Trichoplusia ni. 

While the compound eyes of insects are capable of form perception 

of variable degrees among different species, this ability has been found 

to be lacking in the ocelli studied to date. The exact functions of 

ocelli are not known, but it is generally agreed that they playa major 

role in the detection of changes in light intensity (Goodman 1970). 

Wigglesworth (1972) has pointed out that the functions of sense organs 

and their powers of discrimination have been discovered largely by obser

vations of behavior. Accordingly, the second phase of this research was 

a behavior study to determine whether or not the ocelli play a role in the 

initiation of crepuscular flight. 

1 



LITERATURE REVIEW 

I. STRUCTURE OF OCELLI IN INSECTS 

A. General 

Insects generally possess both compound eyes and ocelli. In those 

insects in which the ocelli are well developed, the lens and sense cells are 

differenetiated (Wigglesworth 1972). However, in other insects the ocellus 

in merely an unpigmented spot in the cuticle with a few randomly arranged 

sense cells below it, as in Thermobia (Pipa, et ale 1964). In some cases the 

sense cells lie under normally pigmented cuticle (Paulus 1972). A unique 

arrangement exists in the sphingids, the receptor cells are internal and 

joined to a minute external cornea by a long, thin, nerve-like fiber (Dickens 

and Eaton 1974). 

The major structural components generally found in ocelli are de

scribed below: Externally, an unpigmented cuticular window or a lens of 

variable thickness is usually present. The lens is secreted by the under

lying corneagen cells (Goodman 1970). Below the corneagen cells lies the 

sensory layer consisting of receptor cells whose short axons synapse with 

second order neurons in the ocellar nerve (Parry 1947). These cells and 

synapses are sheath~d by glial cells (Goodman 1970). Dark pigment cells 

are common in ocelli but are absent in some species (Ruck 1958a). A re

flecting layer, tapetum, of variable composition is' also present in many 

ocelli (Goodman 1970). 

B. The Rhabdom and Retinulae 

The number of receptor cells, called retinula cells, comprising the 

sensory layer varies greatly. As few as four were seen in the collembolans 

studied by Paulus (1972) while Goodman (1970) reports up to 1,000 present in 

some insects. The proximal ends of these cells project short axons which 

2 
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synapse with second order neurons. Distally, some portion of the membrane 

of each cell is modified to form a microvillar border; the rhabdom. Usually, 

the retinula cells are grouped to form retinulae (Mazokhin-Porshniakov 1969) 

in which each cell contributes a rhabdomere/s to form the rhabdom/s of the 

retinulae. Recently, Dickens and Eaton (1974) have reported single cells in 

sphinx moths whose rhabdomeres do not contribute to rhabdom formation. 

The number of cells contributing rhabdomeres to form the rhabdom 

varies among insects and may also vary within a single ocellus (Hazokhin

Porshniakov 1969). Occasionally two or three cells may combine to form a 

rhabdom in the sphinx moths (Dickens and Eaton 1974). In the worker honeybee 

the rhabdom is formed by the apposition of the rhabdomeres of two adjacent 

cells (Yanase and Kataoka 1963; Toh and Kuwabara 1974). The retinulae of 

Libellula (Ruck and Edwards 1964) and Tricholepidion (Elofsson 197() ;Jre both 

composed of three cells forming a three-rayed rhabdom. The rhabdoms of 

Schistocerca (Goodman 1970) are formed from microvillar borders of four cells 

while those of Periplaneta americana are formed from three to five cells 

(Ruck 1957). In several cases the distal end of the retinula cells are com

pletely surrounded by rhabdomeres, e.g. Eristalis, Syrphus (Redikorzew 1900), 

Drosophila (Hertweck 1931) and Boettcherisa peregrina (Toh et ale 1971) and 

in this type of arrangement the number of cells contributing to rhabdom 

formation may be variable. 

C. The Retinula Cell Cytoplasm 

The retinula cell cytoplasm contains numerous organelles such as 

mitochondria, golgi apparatus, smooth and rough endoplasmic reticulum, 

multivesicular bodies, onion bodies, various cisternae and vacuoles and the 

nucleus. 
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The cell nucleus may be located either proximally as in the worker 

honeybee (Yanase and Fujimoto 1961; Toh and Kuwabara 1974), Libellula (Ruck 

and Edwards 1964), Boettcherisa peregrina (Toh et ale 1971) and Manduca sexta 

(Dickens and Eaton 1974) or distally- as in Schistocerca gregaria (Goodman 

1970) and Tricholepidion gerstchii (Elofssen 1970). Nuclei are usually large 

and ovoid (Goodman 1970) however, Dickens and Eaton (1974) reported pleo

morphic nuclei in the ocellar retinula cells of various sphinx moths. 

The endoplasmic reticulum is conspicuous distally in the retinula 

cell (Goodman 1970). Ruck and Edwards (1964) suggested that a connection 

exists between the endoplasmic reticulum and the extracellular space. They 

were able to trace membrane pairs in the endoplasmic reticular system near 

the rhabdomere to an area just inside the axonic outer limiting membrane. 

Here they found it difficult to distinguish the endoplasmic reticular 

channels from the extracellular space and so suggested that they are con

fluent. They further suggested that, in some cases, the available extra

cellular space between cells might be insufficient for the ion store re-

Quired to maintain the prolonged positive entry phase characteristic of 

photoreceptor electrical activity and that the endoplasmic reticulum might 

provide a means of increasing the volume of this area. Lastly, they sug

gested that this supplementary area might be the site of the origin of the 

generator potential. Ruck and Edwards (1964) have supported their claims by 

citing as examples the compound eyes of Dissosteira, Anax, Apis and the skipper 

butterfly in which Fernandez-Moran(l958) described membrane bound tubules 

confluent with the extracellular space which he tentatively thought to be 

ultra-tracheoles. Goodman (1970) has offered two objections to the proposals 

of Ruck and Edwards (1964). First, she found no existing connections b~tween 

the end~plasmic reticulum and the extracellular space in Schistocerca, and 
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second she points out that it is the volume per unit area of membrane which 

is significant in the exchange of ions and therefore a proliferation of the 

cell cytoplasm with narrow channels would be of no benefit. 

In the dark adapted compound eye of Locusta (Horridge and Barnard 

1965), the median ocellus of Schistocerca (Goodman 1970) and the ocelli of 

of Tomocerus (Paulus 1972) a zone of vacuoles or a palisade has been de

scribed which develops adjacent to the rhabdomere displacing the previously 

closely associated mitochondria. It is suggested that the palisade increases 

the sensitivity of the dark adapted photoreceptor by reflecting stray quanta 

back to the rhabdom (Horridge and Barnard 1965). 

Spherical multivesicular bodies are also present in the receptor cell 

cytoplasm. They may be found lying free in the cytoplasm but are more com

monly bounded by a membrane (Goodman 1970). Waddington and Perry (196l) 

were the first to observe multivesicular bodies in Drosophila and thought 

they were involved in the formation of the microvillar membrane. Another 

possible function was offered by Trujillo-Cenoz (1965) who suggested they 

played a role in neuro-secretion. 

Another spherical organelle composed of concentric membranes is the 

onion or myeloid body (Goodman 1970). Berstein (196l) suggested that onion 

bodies were involved in some kind of cytoplasmic change during adaptation, but 

no difference could be discerned between the onion bodies of the light- and 

dark-adapted compound eyes of Locusta (Horridge and Barnard 1965). 

The golgi of arthropod photoreceptors are usually rather closely 

associated with the rhabdom (Dickens 1972). They may be involved in lysosome 

formation or with some function associated with the multivesecular bodies 

(Trujillo-Cenoz 1962; Rutherford and Horridge 1965; Fahrenbach 1969). 
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The mitochondria present provide the necessary energy for the trans

duction of photic stimuli to electrical potentials and other cell processes 

(Dickens 1972). They are present throughout the cytoplasm, though most 

abundant in the area immediately surrounding the rhabdom (Dickens and Eaton 

1974). 

D. The Retinula Cell Axon and Synaptic Connections with Second Order Neurons 

The retinula cell axon arises toward the base of the rhabdomere and 

is characterized by a more prominent endoplasmic reticulum and the presence 

of both neurotubules and neurofibrils. As the axons proceed toward the brain 

they come to lie parallel to one another with a common glial sheath inter

spersed (Goodman 1970). Some axons are enveloped individually while others 

are invested as bundles (Ruck and Edwards 1964; Goodman 1970). The descend

ing axonic bundles do not necessarily remain intact until synaptic connection 

is made, but rather fibers can be seen to split off and join other bundles or 

smaller bundles converging to form larger ones (Goodman 1970). In the flesh

fly Boettcherisa peregrina (Toh,et al. 1971) and the worker honeybee (Toh and 

Kuwabara 1974) the axons of three ocelli converge closely beneath their ret

inas, however, no intermingling ofaxons from the different ocelli occurs. 

In most ocelli a high degree of convergence ofaxons from retinula cells 

to second order neurons exists (Parry 1974; Hoyle 1955; Ruck 1957; Ruck and 

Edwards 1964; Goodman 1970; Toh,et ale 1971), but in Catacola sponsa, Mamestra 

persicariae (Link 1909) and the Collembo1ans Tomocerus and Orchicella (Paulus 

1972) the retinula cell axons extend all the way to the brain and no convergence 

has been reported. This is not to say that convergence is absent, but rather 

that it is absent above the brain. In those insects where convergence is 

evident the receptor cell axons are short; 100-200~ in Schistocerca (Goodman 

1970) and 50~ in Boettcherisa (Toh,et al. 1971), thus, the synaptic region 
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lies close to the retina. Some of these snapses have been found to contain 

spherical vesicles presumed to be excititory in nature (Uchizono 1965) 

while others have flattened vesicles thought to be typical of inhibitory 

synpases (Goodman 1970). 

Toh,et ale (1971) described what he called a T-shaped synaptic ribbon 

in the fleshfly. Two types of synaptic contacts were described in the dragon

flies Anax junius and Aeschna tuberculifera (Dowling and Chappell 1972). The 

first type was found to have an electron-opaque, button-like organelle in the 

presynaptic cytoplasm which was surrounded by vesicles and was termed the 

button synapse. Two postsnyaptic elements were associated with this type. 

The second type of synapse was characterized by a dense cluster of vesicles 

adjacent to the presynaptic membrane and only one postsynaptic element. Toh 

and Kuwabara (1974) have shown that the honeybee ocellar nerve consists of 

thick and thin fibers which both ramify into many fine branches in the syn

aptic region. Five types of synapses were identified and are: (1) A retinula 

axon is presynaptic tO,a thick ocellar nerve fiber. (2) A thin ocellar nerve 

fiber is presynaptic to a thick one. (3) A thin ocellar nerve fiber is pre

synaptic to another thin fiber. (4) A retinula axon is presynaptic to a thin 

ocellar nerve fiber. (5) A thin ocellar nerve fiber is presynaptic to a ret

inula cell axon. The synaptic contacts of the thin nerve fibers are the 

first to be reported. They suggest that the type 2, 3 and 5 synapses may 

convey efferent information from the brain and thus control the activity of the 

ocellar nerve fibers. 

E. The Glia and the Tapetum 

Glia is a common component of all insect nervous tissue. These cells 

are generally elongate and flattened with cytoplasm characterized by a few 

mitochondria and numerous microtubules (Elofsson 1970; Toh,et at. 1971; 
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Dickens and Eaton 1974). In different insects the glia envelops the 

receptor cells to various extents. 

In the more distal portion of most insect ocelli the glia is found 

to be the site of a reflecting tapetum which is proximal to the receptor 

cells (Goodman 1970). A variation exists in Tricholepidion gerstchii 

where the tapetum is found to envelope the entirety of each retinula 

(Elofsson 1970) and no tapetum has been reported in the internal ocell~ 

of sphinx moths (Dickens and Eaton 1974). The tapetum may be one of three 

types. In Schistocerca it is formed by the tight packing of urate granules. 

Other ocelli possess a tapetum formed from numerous tracheoles present in 

the glia forming tracheoblasts and in still others it is formed by a com

bination of both urate granules and tracheoles (Goodman 1970). The function 

of the tapetum is to reflect light back to the rhabdom thus increasing 

stimulation of the receptor cells (Wigglesworth 1972). 

II. The Function of Insect Ocelli 

A. General 

A number of ocellar functions were suggested by early workers. MUller 

(1826), Lowne (1870) and Lubbock (1889) thought they perceived close objects 

and Lowne further suggested that they were capable of stereoscopic vision. 

Conversely, Kolbe (1893), Hesse (1901) and Link (1909a,b) proposed that they 

perceived distant objects while BUddenbrock (1937) thought they could do both. 

Demo11 and Scheuring (1912) thought that, together, they could assess dis

tances using bi- or trinocular vivison. All of the above theories possess a 

common flaw in that they were based upon the assumption that ocelli are 

capable of form vision and a number of workers have gathered evidence indicat-

ing that this ability is lacking. 
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In order for a photoreceptor to perceive forms it must be able to 

form an image which falls within the sensory layer, there must be little 

convergence of the receptor cell axons to second order neurons and the 

central nervous system must be capable of using the information it perceives 

(Cornwell 1955; Goodman 1970). The lens systems of a number of different 

insects have been studied and in each case the focal point was found to lie 

beyond the sensory layer (Hesse 1901; Link 1908; Caesar 1913; Homann 1924; 

Wolsky 1930; Parry 1947; Cornwell 1955). 

In addition, structural studies have shown that in most ocelli, i.e., 

those ocelli where the synaptic region lies outside of the brain, a high 

degree of convergence does indeed exist (Goodman 1970; Toh,et ale 1971). 

Thus it seems conclusive that ocelli do not perceived distinct images 

(Goodman 1970). 

B. Ocelli as Stimulatory Organs 

After Homann (1924) demonstrated that ocelli were incapable of f~rm 

vision, workers began to investigateother possible functions. Bozler (1926) 

concluded that ocelli influenced the speed of movement of Drosophila and 

they acted as stimulatory organs. This conclusion was supported by Medioni 

(1959). A loss of tonus in ocellar-blinded bees was noted by Gotze (1927) 

and was later corroborated by Schemmer (1950). Wolsky (1930, 1931) also 

noted a tonus loss in several insects with occluded ocelli. He concluded 

that their only function was stimulatory and in 1933 used the term 

"stirnulationsorgane" to describe his theory. He thought that impulses from 

the "stimulationsorgane" were necessary in order for the insect to maintain 

muscular tone (the tonus effect) and the ability to contract its muscles 

normally (the kinetic effect). 
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The basis for the concept of "stimu1ationsorgane" is rooted in the 

reports of several workers who noticed a depression of activity upon ocellar 

occlusion. The measurement of this phenomenon has been accomplished by com

paring either the rate of movement or the latency of response of normal and 

ocellar occluded insects (Goodman 1970). 

The latency of response to a light stimulus was studied by Cassier 

(1962, 1965) and Dufay (1964). Cassier found in Locusta migratoria that 

response latency shortened in light intensities up to 50 lux, but above this 

it increased again. Individuals with occluded ocelli were inactive at low 

light intensities, but as the intensity was increased, latency shortened and 

no reversal was observed~ In the noctuids, Dufay (1964) found that in ocellar 

occluded individuals the response latency was independent of light intensity. 

When both the compound eyes and ocelli were functional, response latency de

creased with intensity, but when the ocelli alone were functional there was 

a reversal at higher intensities resulting in a lengthening latency period. 

From these two reports it can be concluded that if response latency is in

deed a measure of responsiveness then functional ocelli enhance responsive

ness at low intensities and inhibit it at high intensities (Goodman 1970). 

The effect of ocellar occlusion on the speed of movement of insects 

has been studied by several workers. The results of these findings are 

summarized in Table I. 

That ocelli playa role in insect activity cannot be denied, however, 

as Bullock and Horridge (1965) have pointed out, the presence of a kinesis 

does not automatically indicate a stimulatory role instead of a sensory role 

for a sense organ. Goodman (1970) has stated that the existing evidence is 

inconclusive and that not until it has been demonstrated that responsiveness 

or sensitivity to all kinds of stimuli is lowered with ocellar occlusion can 
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T'\BLE I 

A summary of th~ (e\ults of the l110re recent mea\lHernents of the effect of ()cellar 
lH compuund c\e ucclu"ilHI (HI the speed of locomotion.* 

Intact imccts Ocelli occluded 
.\lIt hor Insect 

Dim Light Bright light Dim light Urisht light 

Cassier ( I <)h)) /,( IC/I\/ll Walking speed _. Reduced Reduced 
independent of light 
intensity lIver three 

------------- ----------- __ ord~" _~)i l1lagl!!~~_e ___________________ _ 

Jander and Barry 
(1968) 

~ledioni ( 1959) 

Goudman ( 19b~) 

Schricker( 1965) 

Grl'lIlIs 

Blarclla 

Drt lSI 1/,l1ila 

Run slightly faster at Reduced Reduced 
IlIgher intensities 

In plwtopositl\L' qate 
\\alking speeu decreases at 
IllS her intenSities. in pllllto
negative sLlte It increases. 
WiLth experience lIf tests it 
hel'lll11es indepenuent (If 
II~ht intensity 

Increased 

Reduced (walking speed) 

Schist(lc('fca Walking speed independ- 1\ll clfect ReuuL'ed 
ent of light intensity 

Periplancta WalJ..ing speed increases ~(I dred Redlh.:ed 
at higher intensities 

---------
Calliphora \\alking speed Illdepend- 1\0 elfed ReullI.:eu 

ent of light intensity 
---- -- - -- ~-

4pis Walking ~peeo inoepeno. 'll ciTed Redw;eu 
enl of light intellSlty 

------ --

Apis 

*Adapted from GOODMAN 1970 

Covering ocelli Ila\ no elfccl 
on speeu (If foraging night, 
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the ocelli be labeled as true stimulatory organs. A step in this direction 

was taken when Mimura et a1. (1969) found that the spontaneous activity in 

certain antennal units of Boettcherisa peregrina were depressed upon ocellar 

occlusion, however, this fact was nullified, in terms of Goodman's (1970) 

statement, when they also found that the spontaneity of other units was 

increased during this treatment. 

C. Phototaxis 

A phototaxis is defined as an oriented turning movement to a light 

stimulus (Webster's 1973). In bilaterally symmetrical animals it is a re

sult of a comparison of the energy received by receptors on either side 

(Mast 1924). Gotze (1927) noticed a decrease in the accuracy of photic

orientation in ocellar occluded bees and though this was their function. It 

is now believed that photic-orientation by the ocelli alone is impossible, 

however, they do contribute to such orientation (Muller 1931; Cornwell 1955; 

Dufay 1964; Cassier 1965). 

A number of experiments were designed by Jander and Barry (1968) to 

investigate the role of ocelli in phototaxis. One experiment demonstrated 

that the median ocellus possessed what appeared to be a switching action, 

i.e., it was capable of reversing the type of interaction occurring between 

the ocelli and the compound eyes. When placed between two beams of parallel 

light of equal intensity intersecting at 90° and allowed to orient, normal 

insects oriented with an average angular value of 45°. If the median oc~llus, 

the lateral ocelli, or all three ocelli were occluded no significant effect 

was seen. But when a single lateral ocellus was occluded the insect oriented 

more toward the light on the blinded side suggesting it acts antagonistically 

with the adjacent compound eye. If, in addition, the median ocellus was 

occluded the above effect was reversed. The switching phenomenon exhibited 
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by the median ocellus was confirmed in other experiments by Jander and 

Barry (1968) and they proposed a negative feedback system which would account 

for its action and included all of the connections necessary for such a 

system to be functional. 

Goodman (1970) suggests that the aforementioned photokinetic effect 

may be an "epiphenomenon of their phototactic role which until now has not 

been fully appreciated." She further states that the interactions between 

ocelli and the compound eyes probably vary among different insect groups and 

that comparative studies would be desirable. 

D. Detection of the Plane of Polarized Light 

Two reports exist' suggesting that ocelli can detect the plane of 

polarized light. Wellington (1974) has claimed that the ocelli of both 

Sarcophaga alrichi Parker (1953) and the bumblebee Bombus terricola n, : i . 

dentalis (1974) possess this capability. In the sarcophagid he found that 

the ocelli seemed capable of evoking a motor response and of steering the 

insect in sunlight but lost this ability under artificial light. In the 

bumblebee he found that individuals with the compound eyes occluded reacted 

slower to changes in the plane of polarized light, but did indeed react. He 

further discovered that bees which had both the ocelli and compound eyes 

occluded never responded to a change under a polarizer. From the above and 

other experiments he concluded that the ocelli alone or in comjunction with 

the compound eyes enabled the insects studied to orient using polarized light. 

Several reports have raised doubts as to the validity of Wellington's 

claims. In similar experiments, Goodman (1970) found that the ocelli of 

Lucilia serricata, when functioning alone, could not produce a directional 

movement in sunlight. A major criticism is that in neither Sarcophaga or 

Bombus is the rhabdom arrangement known. Thus, it is possible that neither 

of them are in fact capable of analyzing polarized light. This is the case 



14 

in Boettcherisa peregrina. a relative of Sarcophaga. where Toh et al. (1971) 

discovered the rhabdom arrangement to such that analysis of the plane of 

polarized light is impossible. 

Another point to be made is that eye-opaquing techniques are not 

foolproof (Brady 1974). i.e., though a covering material has been administered 

to a photoreceptor this does not rule out the possibility of light quanta reach

ing the sensory structures. Thus, light could have been penetrating to the 

compound eyes which, in many arthropods, are capable of detecting the plane 

of polarized light . (von Frisch 1950; Waterman 1950; Kuwabara and Naka 1959; 

Waterman and Horch 1966; Menzel 1974). 

From the above arguments it is evident that more conclusive evidence, 

such as structural studies, is needed. 

E. Detection of the Absolute Level of and Changes in Light Intensity 

Many authors (Lowne 1970; Homann 1924; Wolsky 1933; Parry 1947) agree 

that ocelli are capable of detecting the absolute level of light intensity 

while Kerfoot (1967a,b) claims this as the only function. That the capability 

exists is supported by structural (Goodman 1970) and electrophysiological 

studies (Ruck 1961b,c; Metschl 1963; Autrum and Metschl 1963). 

The results from behavior studies are difficult to evaluate since the 

ocelli alone are seldom responsible for initiating a response (Goodman 1970). 

Bozler (1926) found that ocellar occluded Drosophila reacted slower to light 

stimuli than did intact individuals. lvellington (1974) found the same to be 

true in Bombus. Dufay (1964) has claimed that the noctuid ocelli were as light 

sensit~ve as the compound eyes and could replace them in this regard. 

Schricker (1965) showed that when bees were given a choice between two light 

sources of different intensities they would orient toward the one of greater 

intensity. When the ocelli were occluded, the difference between the two 
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sources had to be increased eight times before a significant number of 

individuals chose the brighter one. He also found that ocellar occluded 

bees experienced a shorter foraging period, i.e., they initiated foraging 

later and terminated it earlier. Wellington (1974) supports this point 

with his findings. 

Schricker (1965) suggested from the results he obtained that the 

bee ocelli enabled them to register changes in and the' absolute light in

tensity. Goodman (1970) concluded that most insect ocelli are probably 

sensitive to light intensity. 

F. Ocelli as Sensitivity Adjusters of the Compound Eye 

Cornwell (1955), who studied the ocellar function in Calliphora and 

Locusta, suggested that a correlation of function exists between the com

pound eye and the ocelli. Ruck (196lc) has demonstrated that ocelli react 

rapidly to fluctuations in light intensity. Ocellar occluded bees 

(Schricker 1965) and flies (Cornwell 1955) exhibit a decrease in visual 

sensitivity. Kerfoot (1967a) found that, in bees, the larger the size of 

the ocelli in relation to the head the lower the light intensity at which 

they forage. 

All of the above findings led Kerfoot (1967b) to hypothesize that the 

ocelli functioned as extraocular adjusters of visual sensitivity. He sug

gested that, "rather than having quick sensitivity adjustment and visual 

acuity tied up in the same structure," as in the vertebrate eye, these 

functions were segregated to the ocelli and compound eyes, respectively. 

Kerfoot also presented a hypothetical model feedback system which could 

facilitate such a division of functions. 

Kerfoot's (1967b) hypothesis seems to be supported somewhat by other 

findings. Goustard (1958) found that the general activity level of Blattella 
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was reduced 16% if only the ocelli were blackened, 8% if only the compound 

eyes were blackened and 21% if both the compound eyes and the ocelli were 

blackened. More recently, Jander and Barry (1968) have stated that in 

bright light the compound eyes and ocelli can act together to promote a 

more accurate directional orientation and in less time. Finally, Goodman 

(1968) found that Schistocerca gregaria was only sensitive to small changes 

in light intensity when the ocelli and compound eyes were functioning together 

G. Circadian Rhythms 

A circadian rhythm is defined as oscillations involving periods of 

approximately 24 hours (Bunning 1936). The primary function of such rhythms 

is to synchronize both inter- and intraspecific relationships (Dani1evsky 

1970) which are important for survival (DeWilde 1962). 

The exact role that photoreception plays in the entrainment of such 

rhythms is not clear for the existing evidence is confusing and, at times, 

contradictory. Harker (1956) has claimed that the ocelli alone are respons

ible for the entrainment of P. americana. Conversely, Roberts (1965) sug

gested that the compound eyes are responsible and Clouds ley-Thompson (1953) 

maintained both were involved. More recently, Nishiitsutsuji-Uwo and 

Pittendrigh (1968) found that insects which had their optic nerves cut and 

ocelli intact ran free, thus supporting Roberts' (1965) claim. Other experi

ments involving the ocelli have been conducted, however, none of th 0 m impli

cate the ocelli as responsible for entrainment. In his treatise on circadian 

rhythems, Brady (1974) has stated that though the issue of photic entrainment 

is still confused, one fact appears "reasonable firm," and that is that in

sect ocelli alone are insufficient to cause entrainment. 

H. Spectral Sensitivity 

The spectral sensitivity of the ocelli of the honeybee, Apis me1lifera, 

the cockroach Periplaneta americana (Ruck and Goldsmith 1958), the dragonfly 
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Libellula luctuosa (Ruck 1965), the mantis Tenodera sinensis (Sontag 1971) 

and the mosquito Aedes aegypti have been determined. In each case the 

electroretinogram was used. With the exception of P. americana each ex-- , 

hibited two peaks, one at approximately 500nm and a second, smaller peak 

at about 350 nm. P. americana showed a single peak at 500 nm (Ruck and 

Edwards 1958). 

The presence of two sensitivity peaks was suggested to be indicative 

of two classes of photoreceptors (Ruck and Goldsmith 1958) and this was 

found to be the case in the praying mantis (Sontag 1971) where tbe retinula 

cells were div~ded into two distinct groups which together united to form 

the ocellar nerve. 

I. Electrical Characteristics 

A number of workers have made electrical recordings from ocelli 

(Parry 1947; Hoyle 1955; Burtt and Catton 1956; Metschl 1963). However, the 

work of the late Phillip Ruck is generally accepted as the most outstanding 

to date. This is due to the comprehensiveness of hi~ work and the wide range 

of species studied. 

Ruck (1961a) has offered an interpretation of the insect electro-

retinogram (ERG). He identified four components in the ocellar electrical 

response to light stimuli. These four components are: 1) A slow, monophasic, 

depolarizing generator potential whose origin is the distal portion of the 

retinula cell, 2) A spike-like depolarization of the retinula cell axons 

caused by component #1, 3) A slower hyperpolarizing postsynaptic potential 

which Ruck thought was evoked by component #2, and 4) The afferent spike 

response of some of the ocellar nerve fibers in the dark adapted state. 

Recently, Dowling and Chappel (1972) have demonstrated in the dragonfly 

ocellus that component #2 is not a necessary prerequisite for the appearance 

of component #3. 
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Two "effects" are seen in response to a light stimulus. The "on 

effect" results when light shines on the ocellus cuasing inhibition of the 

spontaneous dark discharges of the nerve fibers and is composed of the 

first three events together. The "off effect" occurs when the light stimulus 

is removed and is characterized by a negative depolarization and high fre

quency discharge in the ocellar nerve. 

From his studies on the flicker fusion frequency of the compound eyes 

of several different insects Autrum (1950; Autrum and Gallwitz 1951; Autrum 

1957; Autrum and Hoffman 1958, 1960) suggested that eyes which showed low 

flicker fusion frequency were associated with high photic sensitivity and 

slow adaptation to changes in light intensity while those with high flicker 

fusion frequencies were associated with rapid adaptation and lower sensitivity 

The flicker fusion frequency of a number of insect ocelli have been 

measured (Table II) and were found to lie in the same range as their associ

ated compound eyes (Goodman 1970). 

The frequency of spontaneous discharges in the ocellar fibers has been 

demonstrated to be related to light and dark adaptive processes (Ruck 1961a; 

Mimura et ale 1970). When dark adapted, the ocellus of Boettcherisa peregrina 

emits 80 impulses per second. This was reduced to 0 impulses per second when 

the ocellus received a light stimulus. After a few seconds the ocellus became 

light adapted and the fibers resumed spontaneous activity at a lower rate 

(60 impulses per second). When the light stimulus was removed the rate of 

discharge increased and peaked at 150 impulses per second before it finally 

returned to the original 80 impulses per secona when dark adapted (Mimura 

et ale 1970). 
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TABLE II 

A comparison of measurement of the flicker fusion frequency of the compound 
C~'C and the ocellus in several insects. * 

Author Insect Compound eye Ocellus 
ERG ERG 

Ruck ( )958h) A pis ~50·~65 ~50·2h5 for the ncg~ti\'c 
wave. t he posit ive wave 
fuses a t a much lower 
frequency 

PeriplaneTa 60 45·()0 

Dr~gonfly )90 ~OO+ 

Pllfmnia 350 ~OO+ 

Goodman ( )9(18) Schis/o("crca 35·50 

"'Adapted from GOOD.l1A.'\' 1970 



MATERIALS AND METHODS 

I. Insects 

The moths used in this study were laboratory reared. Eggs were ob

tained from Abbot Laboratories of Chicago, Illinois and pupae from the 

U.S.D.A. Behavior, Attractants, and Basic Biology Laboratory in Gainesville, 

Florida. Once obtained, the colony was maintained by following the basic 

techniques outlined by Heneberry and Kishaba, In Smith (1966). 

II. Scanning Electron Microscopy 

~lole or partially dissected heads were prepared using the pro

cedures designed by Watters and Buck (1971) for scanning electron microscopy. 

After dehydration in a Denton vacuum, model DV-515, and coated with a 60:40 

gold-palladium mixture, specimens were examined with an Advanced Metals 

Research Corporation model 900-J2 scanning electron microscope and micro

graphs taken by a Polaroid camera attachment. 

III. Transmission Electron Microscopy 

The heads of light and dark adapted moths were cut off and immersed 

in Fahrenbach's (1969) fixative. Immediately after immersion, the vertex of 

the head was removed and the ocelli were extracted from their cuticular cap

sules by gently pulling on the ocellar nerve. Fixation continued for approxi

mately 4-6 hours, after which the fixative was replaced by 0.1 M phosphate 

buffer in solution with 8% sucrose. Two brief washes with buffer were followed 

by one two-hour wash. The ocelli were then removed and transferred to a 

syracuse dish for post fixation with osmium tetroxide for approximately two 

hours. The ocelli were then dehydrated with either a graded acetone or eth

anol series and propylene oxide. This was followed by infiltration with a 

1:1 mixture of Epon 812-Araldite and propylene oxide which was placed in an 

oven at 60°C for 20 minutes. The tissue was then embedded in Beem capsules 
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or in a flat embedding mold. Polymerization was accomplished by heating 

in an oven at 60°C for 24-48 hours. 

Thin sections were cut on an MT2-B Porter-Blum ultra-microtome and 

viewed on an RCA EMU-3H transmission electron microscope. Prior to view

ing, the tissue was stained with uranyl acetate and lead citrate (Venable 

and Coggleshell 1965). For purposes of orientation, adjacent thick sections 

0.5 microns thick were cut and stained with a buffered Azure II solution 

(Jeon 1965). 

IV. Light Microscopy 

Tissue specimens for light microscopy were prepared in the same 

manner as those for transmission electron microscopy and stained with Azure 

II (Jeon 1965) or alternately embedded in paraffin and stained with Mallory's 

triple stain (Gray 1964). Light micrographs were taken with a Nikon M-35 

camera through a Zeiss RA microscope. 

V. Behavior Studies 

The moths used in this study were divided into five groups, each given 

a different treatment. The five treatments were as follows: (1) Ocelli 

occluded, (2) Compound eyes occluded, (3) Ocelli and compound eyes occluded, 

(4) Sham treated, and (5) Controls. Moths in groups one through four were all 

narcotized with carbon dioxide and all scales and setae were brushed from the 

vertex. This was to facilitate the application of the covering material in 

groups one through three. The comparison of sham treated individuals was 

necessary to assure that no significant effects were introduced by the gas 

or brushing of the vertex. Occlusion of the photoreceptors was accomplished by 

applying Liquitex Mars black acrylic paint as the covering material with a 

small brush. Following treatment, all moths were placed individually in 

5"x5"x3" plexiglass flight chambers for an eight-hour recovery period. 
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Following this, they were subjected to a simulated sunset and a record was 

made of the light intensity at which each flight was initiated. These 

results were then compared using Duncan's multi-range test and standard 

errors. 

The aritificial sunset was produced by a light source consisting of 

a bank of three 60 watt bulbs with a light diffusingp3nel between the source 

and the moths. The light source was connected to a rheostat to facilitate 

the gradual decrease in light intensity. The intensity was decreased by 

lowering the voltage reading on the rheostat five volts every five minutes. 

The light intensity inside each flight chamber for each voltage change was 

calibrated in micro-watts using a Hewlett-Packard 8330A Radiant Flux meter 

and a Hewlett-Packard 8334A Radiant Flux detector. 



RESULTS 

I. Structure 

The adult cabbage looper possesses two ocelli. They are found, one 

on each side of the vertex, posterior and laterad of the antennae (Fig. I). 

Externally the ocellus consists of a cone-shaped cuticular capsule 

with a corneal lens approximately 90~ in diameter at the apex (Fig. II). 

Viewed from above, these features are nearly hidden by the dense scales and 

setae present on the vertex. 

Internally, a think layer of ovoid corneagen cells lies beneath the 

lens with the receptor cells beneath them (Fig. III). Both cell layers are 

arranged in a cup-like fashion around the base of the lens (Fig. IV). The 

corneagen cells are small in comparison to the receptor cells, being slightly 

larger than the receptor cell nuclein (Fig. X). The corneagen cell nucleus 

occupies most of the total cell volume (Fig. III). The cytoplasm that is 

present is quite rich in rough endoplasmic reticulum, free ribosomes and 

mitochondria. 

Each ocellus contains about seventy retinula cells (Fig. V(. Distally, 

the retinula cell cytoplasm projects an interrupted microvillar border which 

surrounds that end of the cell. Rhabdoms are formed by the apposition of the 

microvillar borders of adjacent retinula cells (Fig. VI). Thus, an inter

rupted network of rhabdoms exists in the apex of the ocellus (Fig. V). 

The retinula cell cytoplasm surrounding the rhabdom is granular in 

nature and exhibits a profusion of mitochondria (Fig. VII) which become de

creasingly evident (Fig. VIII) until they become rather sparse in the axon. 

Also evident in the cytoplasm are smooth and rough endoplasmic reticulum, 
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golgi apparatus, neurotubules, free ribosomes occasional onion bodies and 

nuermous vacuoles of various shapes and sizes. 

The structural integrity of the ocellus as a whole is aided by the 

presence of desmosomes which are found between adjacent cells (Fig. IX) 

just beneath the rhabdoms. 

Each retinula cell is surrounded by glia except in those areas where 

rhabdoms or desmosomes are present (Figs. VII and IX). Just beneath the 

rhabdoms, in the area of the desmosomes, the glia contains a layer of scat

tered pigment granules (Fig. IX) with no definite arrangement or distribu

tion. Glial cell cytoplasm is sparse with numerous microtubules and a few 

onion bodies and mitochondria present. 

The retinula cell nucleus lies approximately 40~ from the distal end 

of the cell. As is characteristic of photoreceptor cells, the nucleus is 

large and ovoid (Fig. X). 

The ocellar nerve is approximately 50~ in diameter and projects about 

325~ to the protocerebrum where it branches out (Fig. XI). The nerve is 

composed of several bundles of retinula cell axons (Figs. IV and XI). No 

convergence of first order neurons to second order neurons exists above the 

protocerebrum and no synapses were evident anywhere in the nerve (Fig. XII). 

As is characteristic of insect nervous tissue, this ocellus is sur

rounded by an outer, acellular neurilemma and an inner, cellular perineurium 

(Fig. XIII). The neurilemma was found to be invested with trachioles (Fig. 

XIII) however, they were never observed to penetrate any further than this 

layer. 

II. Function 

As was expected, occlusion of the photoreceptors in the cabbage loop

er caused them to initiate crepuscular flight at higher light intensities than 
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those moths with non-occluded photoreceptors. The important point is which 

of the photoreceptors, the compound eyes or the ocelli, play the more 

dominant role in determining the light intensity at which flight is initiated. 

The experimental results suggest that it was the ocelli that were predomi

nant in this respect though it was obvious that both the ocelli and the com

pound eyes were involved. 

When the data from the behavior studies is analyzed with the Duncan 

Multi-range Test (Table III) it is evident that both the ocelli and the com

pound eyes are involved in detecting the light intensity at which crepuscular 

flight is initiated. This test seems to indicate a continuum of flight 

initiated at increasingly higher light intensities as the compound eyes, 

ocelli or both are occluded. No significant difference was found between the 

following groups: The control group and the group with the compound eyes 

blackened; the group with the compound eyes occluded and the group with the 

ocelli occluded; the group with the ocelli occluded and the group with both 

the ocelli and the compound eyes occluded. A significant difference was 

found between the following groups: The group with both ocelli and compound 

eyes occluded differed from both the group with just the compound eyes 

occluded and the control group; the group with the ocelli occluded and the 

control group. 

When comparing the mean light intensities at which flight is initiated 

for each group (Table IV) again a continuum of flights, occurring at increas

ingly higher light intensities is apparent as the compound eyes, ocelli or 

both are occluded, respectively. A significant difference exists between the 

results of this test and the Duncan multi-range test. This test indicates that 

there is a significant difference between the group with the compound eyes 

occluded and the group with the ocelli occluded. 
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From the above results it is suggested that in the cabbage looper 

Trichoplusia ni (Hubner), both the compound eyes and ocelli are involved 

in determining the light intensity at which crepuscular flight is initiated, 

but that it is the ocelli that have a more prominent role. 
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Figure I. Scanning electron micrograph of the vertex of 

the cabbage looper head showing the arrangement 

of the ocelli (x 66). Ocellus, oc; compound eye, cpde. 
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Figure II. Scanning electron micrograph of the external 

features of a cabbage looper ocellus (x 695) 

Corneal lens, cl. 
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Figure III. Transmission ele,tron micrograph of the corneagen 

cells (longitudinal section; x 15,063). 

Corneagen cell cytoplasm, cnc; nucleus, n. 
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Figure IV. Scanning electron micrograph showing the cup-like 

arrangement of the retinula cells, their relationship 

to the exterior cuticle and the bundling of the 

retinula cell axons (x 280). Retinula cells, rc; 

cuticle, c; axon bundle, abo 
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Figure V. Light micrograph demonstrating the interrupted 

network of rhabdoms in the apex of the retinula 

cell (cross section; x 880). Rhabdom, rho 
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Figure VI. Transmission electron micrograph showing the 

apposition of microvillar borders of adjacent 

retinula cells forming rhabdoms (cross section; 

x 7,390). Glia, gl; retinula cells, rc; rhabdom, rho 
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Figure VII. Transmission electron micrograph showing the 

concentration of the mitochondria around the 

rhabdoms and the granular nature of the cytoplasm 

in this region (oblique section; x 10,540). 

Granular cytoplasm, gc; glia, gl; mitochondria, m; 

pigment, p: rhabdom, rho 
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Figure VIII. Transmission electron micrograph of the retinula 

cell axon demonstrating the decreasing concentra

tion of mitochondria (longitudinal section; 

x 16,242). Endoplasmic reticulum, er; glia, gl; 

mitochondria, m. 
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Figure IX. Transmission electron micrograph showing a desmosome 

adjoining two cells and a group of pigment granules 

embedded in the glia (cross section; x 12,800). 

Desmosome, des; glia, gl; pigment, p. 
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Figure X. Light micrograph showing the spatial relationship 

of the corneagen cells, retinula cells, and the 

cuticle (oblique section; x 416). Cuticle, c; corneagen 

cells, cnc; retinula cell, rc; retinula cell nucleus, rcn. 
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Figure XI. Scanning electron micrograph showing the attachment 

of the ocellar nerve to the protocerebrum of the 

brain and the axon bundles (x 1,500). 

Axon bundle, ab; ocellar nerve, on. 



48 



49 

Figure XII. Light micrograph showing the receptor cell axons 

continuing into the ocellar nerve without synapsing 

(longitudinal section; x 520). 

Axon, ax; retinula cell, rc; rhabdom, rho 
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Figure-XIII. Transmission electron micrograph showing the 

trachiole invested neurilemma and the 

perineurium (cross section~ x 21,600). 

Axon, ax; neurilemma, nl; perineurium, pn; 

trachiole, t. 
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Table III. Results of an analysis of the data from the 

behavior studies by the Duncan multi-range test. 

Compound eyes and ocelli occluded, cpdo; ocelli 

occluded, 0; compound eyes occluded, cpd; 

controls, c; sham treated controls, cs. 
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Treatment :\lean light intensity for night ill uw 

cpdo 4.64 a 

o 3.69 a b 

cpd 2.19 b 

c 1.63 

cs 1.05 

'lEANS NOT FOLLOWED BY S.·\ 'IE LETTER ARI 

SIGNIFICANTLY DIFFERENT 

c 

c 

c 
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Table IV. Results of behavior tests showing the mean light 

intensities at which flight was initiated for each 

experimental group. Vertical bars represent ± one 

standard error of the mean. Compound eyes and 

ocelli occluded, cpdo; ocelli occluded, c; compound 

eyes occluded, cpd; controls, c; sham treated controls, cs 
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DISCUSSION 

I. Structure 

The general structure of the cabbage looper ocellus is comparable 

to the well developed insect ocelli where the lens and sense cells are 

well differentiated (Wigglesworth 1972). The sense cells are arranged 

cup-like around the base of the lens an,1 thus the two structuH_'S are 

closely associated. This differs from the arrangement of the internal 

ocellus described by Dickens and Eaton (1974) in which the sense cells 

were found to lie just above the brain while the lens is some distance 

away in the cuticle. 

As in the fleshbly B. peregrina, approximately 70 receptor cells 

are present in the cabbage looper ocellus. The rhabdoms are formed by the 

apposition of the microvillar borders of adjacent cells (Fig. VI) as in the 

worker honeybee (Yanase and Kataoka 1963; Toh and Kuwabara 1974). However, 

in this ocellus each cell contributes to various rhabdoms around its entire 

periphery. Thus, an interrupted network of rhabdoms exists (Fig. V), much 

like the solid network found in the fleshfly (To~et ale 1971). This 

differs quite markedly from the sphinx internal ocellus in which one, two or 

three cells comprised the rhabdom (Dickens and Eaton 1974). 

Because of the network arrangement of the rhabdoms, no retinulae as 

described by Mazohkin-Porshniakov (1969) exist in this ocellus and it ap

pears questionable whether this term can be used with any validity when 

discussing these ocelli. 

Unlike the pleomorphic nuclei of the sphinx moth retinula cells 

(Dickens and Eaton 1974) the cabbage looper nuclei are ovoid as is typical 

in insect photoreceptors (Goodman 1970). 
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Both Horridge and Barnard (1965) and Goodman (1970) have reported 

zones of dense mitochondria surrounding the rhabdoms of the compound eye 

of Locusta and the ocellus of Schistocerca, respectively, when in the light 

adapted state. This feature is also exhibited in the light adapted cabbage 

looper ocellus (Fig. VII). Other cell organelles present are distributed 

as is typical of insect photoreceptors. No peri-rhabdomeric reticulum as 

described by Curtis (1969) and Dickens and Eaton (1974) was found in the 

cabbage looper. Also lacking, were the abundant multivesicular bodies in 

the area of the rhabdom seen in the sphinx moth (Dickens and Eaton 1974). 

In most structural sutides of ocelli, the retinula cell axons were 

found to be short, (Goodman 1970; Toh,et ale 1971) so the synaptic region 

lay close under the retina. In addition, when a synaptic region was found 

present, a high degree of convergence of first order neurons to second order 

neurons was evidenced (Parry 1947; Hoyle 1955; Ruck 1957; Ruck and Edwards 

1964; Goodman 1970; Toh,et ale 1971). In the cabbage looper, the retinula 

cell axons extend to the protocerebrum, thus no synaptic region or converg

ence is evident above the brain. This is in agreement with the findings of 

Link (1909a) and Paulus (19"72) who found the same to be true in the noctuid 

Catacola sponsa and the collembolans Tomocerus and Orchicella, respectively. 

That convergence may occur once the retinula cell axons reach the brain seems 

quite probable in all of these cases, however, it is a matter for further 

study. 

II. Function 

Due to the number of structural variations which have been found among 

the ocelli studied thus far, a simple explanation of function seems quite 

improbable at this time. This thought is backed by the number of reports of 

different theories of ocellar function, each supported by a seemingly sub-

stantial set of data. 
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That ocelli do not function by perceiving distinct images has been 

established (Hesse 1901; Link 1908; Caesar 1913; Homann 1924: Wolsky 1930; 

Parry 1947; Cornwell 1955). One feature which has previously eliminated 

form vision as a possible function in other ocelli has not been seen in the 

cabbage looper and another feature can only be assumed at this point. No 

convergence of first order neurons to second order neurons exists above the 

brain. That convergence does occur, once the retinula cell axons enter the 

protocerebrum is probable, however, that is yet to be determined. In 

addition, we can only assume that, due to the close association of the lens 

and sensory layer of the retinula cells, any image formed by the lens does 

indeed fall beyond the area of possible detection. 

Wellington (1943, 1974) introduced the concept of ocelli detecting the 

plane of polarized light. A prerequisite for this is the orderly linear 

arrangement of the microvilli of several cells composing a rhabdom (Waterman 

and Horch 1966). Because of the network arrangement of the microvilli of 

the fleshf1y (~. peregrina) o~e1lus, Toh,et ale (1971) rejected detection of 

the plane of polarized light as a possible function. Similarly, because of 

the network-like arrangement of the rhabdoms of the cabbage looper ocellus, 

this again must be rejected as a possible function. 

Several workers have reported a depression of activity in insects 

whose ocelli have been occluded. Wolsky (1933) condluded that an ocellus 

functioned as a "stimulationsorgane." However, Goodman (1970) has pointed 

out that not until it has been demonstrated that sensitivity to all kinds 

of stimuli is decreased by ocellar occlusion can ocelli be regarded as 

stimulatory organs. Mimura, et ale (1969) had found that the spontaneous 

activity in certain antenna! units of the f1eshf1y ~. peregrina were depressed 

upon ocellar occlusion. More recently, Eaton (personal communication) has 
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found what are presently thought to be excitatory spikes in the electro

retinogram response of the cabbage looper ocellus. Thus, it is evident that 

many more studies will be necessary to determine if ocelli do indeed play 

such a role. 

Many authors have suggested that ocelli are only capable of regis

tering changes in or detecting the absolute level of light intensity. 

Structural (Goodman 1970) and electrophysiologica1 (Ruck 1961b, 1961c; 

Metschl 1963; Autrum and Metsch1 1963) studies have shown ocelli to possess 

this capacity. The results of the present study are in agreement with the 

above in that they suggest that the cabbage looper ocellus is capable of 

detecting the light intensity at which crepuscular flight is initiated. It 

is also evident from these results that the ocelli do not function alone in 

this respect, and that both ocelli and compound eyes are involved. This is 

not the first instance in which the effects of the compound eyes and ocelli 

were found to be somewhat additive. Goustard (1958) found that the general 

activity level of Blattella was reduced most when both the compound eyes and 

ocelli were occluded. More recently, Jander and Barry (1968) found that, 

when working together, the compound eyes and ocelli could promote a more 

accurate directional orientation to a bright light and in less time. 

It is possible that the ocelli are extraocular adjusters of visual 

sensitivity as suggested by Kerfoot (1967b). Schricker (1965) found that 

ocellar-occluded bees exhibited a decrease in visual sensitivity and Cornwell 

(1955) found the same to be true in certain flies. The data from the present 

study could be considered to be supportive of this concept, however, as is the 

case for most of the theories of ocellar function more information is needed 

before any concrete conclusions can be made. 



SUMMARY 

The study of the external ocellus of the cabbage looper 

Trichoplusia ni (HUbner) yielded the following results: 

1. Ultrastructure studies revealed an interrupted network of rhabdoms 

existing in the distal-most portion of the retinula cells which lie in a 

cup-like arrangement around the base of the corneal lens. No convergence 

of first order neurons to second order neurons was evidenced and no 

synapses were seen above the protocerebrum. 

2. Behavior studies indicate that both the ocelli and the compound 

eyes are involved in the determination of that light intensity at which 

crepuscular flight is initiated, but that it is the ocelli that are pre

dominant in this respect. 
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APPENDIX 

HISTOLOGICAL TECHNIQUES 

I. Transmission electron microscopy 

A. Fixation - composition of fixative 

1. Buffer 

2. 

a. Stock solutions 

(1) Solution A - 0.2 M NaH2P04.H20 

(2 ) Solution B - 0.2 M Na2HP04 28.4 

b. Buffer stock (0.1 M) 

(1) Solution A 23 ml 

(2 ) Solution B 77 ml 

(3) Distilled water 100 ml 

(4 ) 1% CaC12 20 drops or 1 ml added 

stirring to avoid precipitation 

Fixatives 

a. Glutaraldehyde (1%) - pH 7.2 

(1) 70% Glutaraldehyde 2 ml 

(2) 37% Formalin 18.9 ml 

(3) Sucrose 6.3 g 

- 7.6 

(4) 0.1 M Phosphate buffer 119 ml 

27.6 gIl 

gIl 

slowly 

4-6 hrs. 

b. Osmium fixative - pH 7.2 - 7.6 2 hrs. 

(1) Osmium tetroxide .25 g 

(2 ) Distilled water 12.5 ml 

(3) 0.1 M Phosphate buffer 12.5 ml 

(4) Sucrose 1.125 g 
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B. Dehydration 

1. Graded ethanols - 14 min each 

a. 30% ethanol 

b. 50% ethanol 

c. 70% ethanol 

d. 80% ethanol 

e. 95% ethanol 

f. 100% ethanol 

C. Embedding 

1. Composition of embedding medium 

a. Mixture A 

(1) Dodecenylsuccinic anhydride 12.66 g 

(2) Araldite 9.03 g 

b. Mixture B 

c. 

(1) Nadic methyl anhydride 2.83 g 

(2) Epon 812 8.06 g 

Final Embedding Mixture 

(1) All of mixture A 

(2 ) All of mixture B 

(3) Accelerator - 2,4,6-tri(dimethyl-aminoethyl) 

phenol .46 g 

2. Embedding procedure 

a. Warm tissue in 1:1 embedding mixture - propylene oxide 

allow the propylene oxide to boil off 20 min. 

b. Place tissue in Beem capsule or embedding mold 

containing embedding mixture and position. 
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c. Place capsules in oven at 60°C overnight (24 hrs. at most) 

Allow to harden for several days before attempting 

sectioning. 

D. Staining section on copper grids (Venable and Coggleshell 1965) 

1. Uranyl acetate stain - 10-15 min 

a. Uranyl acetate 0.9 g 

b. Double distilled water 30 ml 

2. Lead citrate stain - 30 sec - 3 min 

a. Lead citrate 0.09 ~ 

b. Double distilled water 30 ml 

c. Sodium hydroxide 10 NO.3 ml 

II. Light microscopy 

A. Fixation--Alcoholic Bouin's - 4 hrs. 

1. Formalin 25 rnl 

2. Glacial acetic acid 5 ml 

3. 2% picric acid in 70% ethanol 75 ml 

B. Removal of excess picric acid--Lenoir's fluid - 1 hr. 

1. Distilled water 70 ml 

2. 95% ethanol 30 ml 

3. Ammonium acetate 10 g 

C. Dehydration--Graded ethanols--each - 10 min 

1. 15% ethanol 

2. 35% ethanol 

3. 50% ethanol 

4. 70% ethanol 

5. 85% ethanol 
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6. 95% ethanol 

7. absolute ethanol 

D. Cleaning 

1. Carbol-benzene - 20 min 

a. Benzene 70 ml 

b. Phenol 30 g 

2. Benzene - 20 min 

E. Embedding--Paraplast Plus 

F. Sectioning--AO 820 Microtome 

G. Re-hydration 

1. Xylene-removes paraffin - 2 changes each 1 min 

2. Graded ethanols and distilled water - each - 1 min 

a. absolute ethanol 

b. 95% ethanol 

c. 85% ethanol 

d. 70% ethanol 

e. 50% ethanol 

f. 35% ethanol 

g. 15% ethanol 

h. Distilled water 

H. Staining 

1. Mallory's triple stain (Gray 1966) 

a. First staining solution - 1% acid fuchsin - 2 min 

b. Thorough rinse in distilled water 

c. Differentiating and mordanting solution - 2 min 

1% phosphotungstic acid 
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d. Quick rinse in distilled water - 5 sec 

e. Second stain solution - 15 min 

1. Water 100 ml 

2. Aniline blue 0.5 g 

3. Orange G 2 g 

4. Oxalic acid 2 g 

f. Thorough washing in water 

g. Differentiate in absolute ethanol 

h. Xylene 
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A STUDY OF THE FINE STRUCTURE AND THE FUNCTION 

OF THE OCELLUS OF THE 

CABBAGE LOOPER (TRICHOPLUSIA NI, HUBNER) 

(LEPIDOPTER: NOCTUIDAE) 

by 

Matthew Alden Dow 

The structure of the cabbage looper ocellus was examined by light 

and electron microscopy. Rhabdoms were found in the distal region of the 

retinula cells. These were formed by the apposition of microvillar borders 

of adjacent cells, thus, an interrupted network of rhabdoms was found to 

exist in cross section. No convergence of first order neurons to second 

order neurons was found anywhere above the protocerebrum as is typical of 

insect photoreceptors in general. No synapses were found to exist anywhere 

above the brain. 

It is hypothesized that the cabbage looper ocellus plays a major role 

in determining the light intensity at which crepuscular flight is initiated. 

This hypothesis was tested in the following manner. 

Laboratory reared moths were divided into five groups each with a 

different or no treatment. These were: 1. Compound eyes and ocelli occluded. 

2. Compound eyes occluded. 3. Ocelli occluded. 4. Controls. 5. Controls 

sham treated. All groups were placed in transparent flight chambers and sub

mitted to a simulated sunset. Test results were compared using the Duncan 

Multi-Range Test and Standard errors. The results indicate that the cabbage 

looper ocellus plays a role in determining the light intensity at which 

crepuscular flight is initiated. 
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