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Give instruction to a wise man, and he will get wiser:

teach a just man, and he will increase in learning.
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ABSTRACT

Y
wr

The stemmata oﬁ eight speciés,of 1épidopterous larvae
were ekamined by-iight, scanﬂing and transmission electron
microscopy to dq?érmine their external and ;nternai"struc—
turé} connections to the brain and ultrastructure. Tﬁis is
the first study of the larval stemmata of Lepidoptera
using these threé tfpes of ﬁiéroscopy: Conseguently, the
two externally‘diSSimilar (unitary and tripartite) stémmata
werg found to be structhrally different.andlcould
function independently at certain times during larval 1ife.
The stemmata Qere cdnnected,to the brain by the stemmatal
nerve throughout lgrval development. All species except
those of Euxoa ha@ seven rqtinal'cells aéranged in a
distal and proximal gioup. There were four distal retinal
cells in the tripartite stemma and three in the prokimal
retinal cells while the reverse was true in.the unitary

stemma. In Euxoa spp. the arrangement waé four proximal ;

and four distal retinal cells in each stemma. Pigment
. granuleé of various sizes, colois,‘and'density were found
iﬁhéhe retinal cells. These granules wére passed to the '
brain and possib;y the ganglié via the stemmatal nerve
- prior to ecdysis. When the molting process began, the
sensory elements of the stemmata wgre_drawn from the
head capsule, while the dioptric or corneal lens and
crystalline cone were shed with the exuvium. Once the
new diopiric units were formed,  the sensory elements
moved out beneath each respective lens. Ail stemmata
merged and formed a large non-functional steliate unit

‘ -

-
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for -this brief perlod durlng apolysis. .
Ultrastructurally, all stemmata were equipped with
organlzed mlcrov1lll, however their arrangement (relative
to the. vertlcal axis of the rhabdom) varies. The rhabdom
hadrseveral eonflguratlons {open, fused, tlered or cloSed)

Y

. ) : -
in any one stemma. Ultrastructural characteristics seen

to indicate radial pigment migration, and that detection of.

polarized light, and UV radiation is possible in the

stemmata of Isia isabella.

/Pﬂ“Different photoperiods and temperatures caused no
structural phanges in the stemmata excapt whenriraividuals
yere reared in totally dark cenditions. ' These dark-reared
larvae euffered cuticular, corneal lens and crystalline
cone modlflcétlons all of Wthh were detrlmental

The p0551ble role of the ocular plgments granules

and ocular'brlstle function are dlscuséed(

[N



Les steﬁmgles des larves dexhﬁit espé&ces de‘LepidoQtéres
ont €té examinges au microscope photonique et au microséope
électronique a traﬁsmission et & bhlayage afin de déterminer
la sﬁructure externe et interne, 1'ultrastructure et les
connexions avec le ce:véau. Ce travail est la premiére
gtude du genre des stemmates larvalres de Lepldopteres avec
‘ces trois types de mlcroscople. Les deux stemmates qul sont
extenleurement dissemblables (unLtalre et trlpartlte) sont
structurellement différents et fonctionnent indépendamment .
a certalns moments de la vie larvaire. Les stemmates sont
reli%s au cerveau par le nerf stemmaﬂ%}_pendant tout le-
développement larvaire. Toutes les espéces excepté Euxoa
ont sept cellules rétinales disposéeg de fagon distale et
prdximalé: quatre cellules distales dans le stemmate
tripartite et trois proximalés£ l'%hverse est vrai dan; le
stemmate unitaire. Chez Euxoa SPR. l'afraﬂgement est de
quatre cellules proximales et qua£re distales dans chague
stemmate. Des granules pigmeﬁtaires de gualité et densité

Ils se déplacent vers le cerveau et possiblenment les

varlables/ont &té trouvés dans les celluleS*Eitinales.

ganglions via le nerf stemmatal avant l'ecdysis. Quand la
mue commence, les 8léments sensoriels des .stemmates sont tirés
g4 l'intérieur de la capsule cé&phalique, alors que la lentille -

cornéenne ou-dioptrique et le cdne crystallins sont rejetés

avec l'exuvium. Une fois les nouvelles unités dioptriques
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;. formées, les &€léments sensoriels se déplacent sous et vers
. T of '

-

chacune des lentilles. ‘Les stemmates forment une grande .
unité stellaire non fonctionnelle au cours de cette bréve
période durant i'apolysis.

Toutes les microvillosités sont bien organisées,

mais leur agencement:’varie. Le rhabdome prend plusieurs

‘configurations (ouvert, fusionnég, tripartite ou fermé&) dans °

'n'importe quel stemmate. On a obtenu des indices ultra-

structuraux de migration radiale dans les stemmates de

’

Isia isabella. Cet insecte a aussi la capacité de se déplacer

en utilisant la lumi&re polériséé_?t de détecter la radiation
ultra-violette. Le ;erf stemmatal fournit les bases

- nécessairées au développement de.l'oeil composé et sa position
chez l;insecté adulte.

Des pﬁotOpériodes et. des températures diffé§§ntes_

n'ont causé‘aucun changement structural dangiles ;%emmates
excepté chez les individus soumis & l'obscurité totale.
Ces larves &levées dans. l'obscurité démontrent des modifi~
cations 3 la cuticule, 3 la lentille cornéenne, et au cdne
crystallin, modifications gqui se font au détriment de 1l'insecte.

La discussion porte sur le rSle des granules pigmentaires

et la fonction des soies oculaires.
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INTRODUCTION

The lateral ocelli or stemmata of holometabolous
insects have been tﬁe'leagt studied of all visual systems

in insects. Most séudiegiof iﬁSeCt vision,have been

L
performed on the compound eyes and dorsal ocelli of adult
individuals.® These stuaieé have been  done with the J
photonic and scannipg\?nd transmission,electron'microscopes-
on adult and larval hewlmetaboloue 1nsects and mostly
larval (Dlptera) holometabolous 1nsects. ThlS is the flrst

study in whlig_ 1l t%ree types of microscopy have been used

on the stemmata of larval lepldopterous (holometabolous)

-

3 ' I
:

1psects,1 3 ' .

Of all the sensory systems present in insect larvae,
stemmata or lateral ocelll are the least investigated.
Most of the original morphological work on the stemmata were
done in the 1800's but the most detailed studies were those
of Dethier (1942, 1943);/JMQ:e recently these visual units
were studied, using the/scanning electron microseepe ‘
(Philogé&né, 1975); Ishikawa and Hirso (19603,'1960b5"
investigated the electrophysiological propefties of the

stemmata of the silkworm, Bomb&x mori L. and more recently

Ishikawa (1969) reported on the spectral sensitivity and
components of the visual system in the same insect.
. These studies are the only known works to date on

the stemmata of lepidopterous larvae.

13
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The photoreceptér eystem-of.insect lervae may seem
primitive in compari;on with the compound eyes of -adults. Yet it
could be a logloal structure through which light would have

its 1n1t1al phy51010?1cal effects. Phenomena such as diapause -
induction and terminetion, for instance, which are highly

and dlrectly dependent upon photoperlod coupled with

hormonal ¢ ntrols, may be partly 1nfluenced by the nature

and physi loglcal status of the visuals units of the larvae.
This study is, therefore, a crucial 'step in our understandlng
of the stemmata (lateral ocelli) and their roie in insect

-

physiology.

~

'Initially, ft was thouoht that diapa&ée (induced by
photoperlodsﬂend temperatures) was lnfluenced by
morphologlcal changes in the stemmata. It was however ' p
discovered that information on the larval stemmata in a natural
or normal state, as well as on the inte;nal and external
anatomy wes scarce and quite outdated considering modern
technological advances available for studying small specimens,
With this informaticn lacking, it became a necessary priority
to know how the insect loodked under normai situations.

The objectives were to obtain ihfotmation.on the anatomy of
the visual units of lepidopterous larvae with varying habits
and habitats. The internal connections of the brain to the
stemmata and each other had next to be established. Pigments
were found in the ocular components of some of the larvae, .

So an investigation was undertaken to follow the differences

in the stemmatal pigment distribution in various larval
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instars and species K and establish their significance. A

It has been known froﬁ the work of Dethier (1942, 1943)

and Philogé&ne (1973) that many larvae have two differeﬁ
typéé of externally< arranged (unitary'and tripértite);
stemmata. The ultrastructure of the stemmata_waé therefore
stuéied.' Changes at this lével aécording to the larval
. stages and_yarious periods ihrdughout the molting cycle,

were'investigated in Isia isabella.

The larval form of lepidopterous insects is basically

eoa feeding-growing "machine". The growth process in itself

éven inkwell studiéd insects, such as cockroaches, loausts'
aﬁd the Hemiptera remains partly unexplained. New dimensions
are uncovered as workers try continuously to unravel the
phys;olog§ of insects. The findings in this research ére a
significant contribution to-the fields of growth, behavidf
and morpholpgy and are needed fer our understanding'of
the insect's strateéy_for survival.

Information relating to the morphology of the stemmata
of insects investigated héfe can eventually lead to a much

better control strategy of many economically impbrtant species.

Therefore, the objectives of this research are to; a) esta-

e

blish how the stemmatal units of eight species of Lepiddptera
.larvae, with various habits-.and habitats, vary in their
construction and arrangement, b) describe the exte;nal and
internal anatomy of the stemmata of these species, c) describe
the néural connections between the brain and the stemmata,

d)- establish differences in stemmatal pigment distribution,

e e = e T A e b 4 b & ke v s e e



)

' e) describe the ultrastructural elements of the stemmatal

units of Isia isabella, and f) discuss the significance of

variations observed among species.



- 5 w

LITERATURE REVIEW

Location and structure of the stemmata

-The lateral ocelli or.stémmaté are the only visual
organs or photorecepﬁors in the larval forms of many
endopterygote insects. 1In lepidopte#ans these semi-
circularly arrangedlhemiSphérical strﬁctufes dre iocated
antero-ventro-laterally on the head of the insect. . Thié
area visuélly corresponds to the sameé area of the head
occupied by the compouhd eyes of the adult %nsects. These
stemmata are temporary organs of Qision pecause they
degenerate or retract into the head capsule during metamor-
rhosis (Mazokhin-Porshnyakov, 1969{ and they do not become
transformed into the compound eyes, which are of a different
embryoclogical origin. ..

The occurrence of stemmata differs from the occurrence
of the dorsal ocelli in that the former are present only in
the larval stages of holometabolous insects, while the latté§
are found in the nymphal and adult stages of hemi-metabolous
and adult holometabolous insects (Chapman, 1969) . The degree
of complexity and variationsiof thé stemmatal étruéture
differs from one group of insects to the next. éome ocelli
are less advanced. 1In others, thg structure is basically
similar to the dorsal ocelli of adults. An example is éﬁe
ocellus found in the sawfly larvae (Tenéﬁredinidae)vwhigh is
quite complex and organized in a manner similar to the omma-—
tidia in faceted compound eyes (Mazokhin~Porshnyakov, 1969;

Meyer-Rochow, 1974). There are variations in the number,
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arrangement, size and shape of stemmata, even An the same

organism.

T

‘The dorsal oceili of adult and nymphal inkects are not

synOnfmous to the"lateral ocelli or stemmata £ lerval insect
Structurally, each’ ocellus con51sts of two ba51c parts:
1) a dloptrlc apparatus, composed of a biconvex cornea which
is transparent and aﬁ extension of the head cuticle, crystalline
lens,‘crystalllne c0ne-form1ng cells which usually degenerate
after forming the crystalllne cone, and the corneagen or
mantle cells; ’2) sensory or retinal apparatus which is
composed of the distal and proximal retinular cells and the
cellular membrane or sheath that envelops each retinal cell
and acts as an insulating mechanism between each cell.

The major differences,ﬁetween the stemmata.(lateral
ocelli) and the dorsal ocelli are summarized beiowi

DIFFERENCES BETWEEN THE STEMMATA
(LATERAL,OCELLI) AND DORSAL OQOCELLI

STEMMATA DORSAL OCELLI
Usually six Usually 3, but 1 or 2 are
common
Innervated from the optic lobe Innervated from the occellar
. lobe
Located on_ lateral part of head Located on vertex of head
Present in larval stage Present in adult or nymphal
' stage
A crystalline cone beneath lens No crystalline cone beneath
lens *
Cuticular lens above few sensory Cuticular lens above many
elements elements -
Corneagen cells usually three A corneagen layer
Few retinular cells usually Many retinular cells

seven




"Early studies of the ocelli and recent studies of dorsai

and lateral ocelli

The qcélliﬂstarted to attract the interest of
\;iEZEEEﬁgatorstés éarly as the 17th century. These studies

concentrated on bésically the morphology and functioning of.
these organé.

According to Dethier (1942}, Malpighi {(1669) was Fhe
first person to observe the lateral ocelli in lepidopteran -
larvae and referred to them.aé "oculi", thus recoghizing the
function of these structures. Other éarlier workers dealing -
with the ocelli were: Lyonet (1760); Swammerdamm (1737—1738').;
Kleeman (1764-1768); Leybig (1864); Cornalia (1856): Girard
(1882); Graber (1884); Carrigre (1885); Plateau (1888); |
Léndois (1886); Lammbert (18§0); Pankrath_(lSBO); Hesse (1901);
Schmitt-Auracher (1923);.Lammert (1925); Sanchez y Sanchez
{(1926); Corneli (1924):; Homann (1924); Wolsky (1930, 1931);
Friederichs (1931); Strohm (1910) ; and Brusselmann (1935)
Dethier's studies (1942-1943) were concerned prlmarlly with
structure and visqal'capabilities of these organs. His work
was the first and only detailed investigation of stemmata.
He clearly established the number and position of larval

ocelli in lepidopterous larvae'as'exemplified by Isia isabella.

' Since then practically no work has been done in this area.
Compound eyes and dorsal ocelli of adult inseqés“have
been the most extensively studied of all the visual systems

in insects. Review articles concerning the visual systems

were made by Elofsson {1976); Whittle (1976); Mazokhin-
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Porshnyakov (1969) ; Goodman (1970); Ruck (1964); Hoyle (1954);
Parry (i94?): and Goldsmith and Bernard (1974): Horrldge_
(1975) Larval eyes of Other groups have been studled in a )
smmllar manner to ,some extent (Meyer -Rochow 1973, 1974_and
Sato 1951); To datesthe present work is the only study in
O \yhich photonic, scanning and trjksmiesion electron microscopy.
] has been used to-study the stemmata of lepidopteran lafvae.:
| Recent.electrophysiological and qlttastructuréi studies
_heve shown that the simple eyes (dorsal’ooelli of which there?
are usually three) in adult insects, possess a much more
complex neural otéanization than hitﬁerto supposed (Chappell
and Dowling, 1972a, b; Dowling aod Chappeli, 1972; Goodman, 1970
1975; Patterson and Goodman, 1874a) .. The ;eteral eye of the
sawfly ég;gg‘has also been investigated by Meyer—Rochow '(1973)
from both a structural and. electrophy51olog1cal aspect.
Interpretatlon of structures of the stemmata could therefore
be done Only with the ald of what had been reported for the
dorsal ocelli and in some cases, the cogpound‘eyes. Apother.
difficulty‘fﬁ.dealing wf%h*the—;temmata is their transitory "
nature, belng present only 1n the larval insect. - ‘ N
Once it was believed by many workers that the eyes
of Apterygota were lateral:ocelll (Strohm, 1910; Hesse, 1901)
bdt recent work by Paulus'(1975) has shown this is not the
case and these evyes pOSsessed by the Apterygota are 1ndeed
\/ pr1m1t1Ve ‘compound eyes These insects have three- feoetted canpound
eyes (Machilidae) while the other Apterygotes have un-

consolidated lateral eyes consisting of groups of ommatidia
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.connected internally.

r.

In some of the insects the eyes are completely absent

‘or have never been fdund. From the work of Willem (1897)

. it was established tha

-from electron microscopy studies (Barra, 1971la, b; Paulus,

' L . . . : o
eyes) and eight retinula cells contributing to a central

he grouped ommatidia of Collembola
are not oéelli, but genuine eﬁcone_ommafidia as'cha:acﬁerized
by Grenachef (18?9).‘»0tﬁer workers, following results obtainedl
1970a, b; 1972a, b; 1973a), ascertained that many of the
priﬁit;ve insects, especiélly the Collembola do indeed have-
true coﬁpound eyes,. even though the insect is negatively
phototactid. Some‘ﬁave no pigmént granules while others haée
aﬁ aﬁﬁnﬁance of these:{nélusions in both the primary and .
secopda#y'pigﬁented or retinula cellé.t.Furtﬁer, one notices

the presence of four Semper celld (commqn in all compound

rhabdom. Many of these insects have complex fhabdoms
“ ' -
arranged din tiefs, single layers and even various angles

-0f convergence. This form of Ehégagﬁkéqmélexify is common

¢ :
in dragonflies, some butterflies, many beetles (Home, 1976)

and even flies. In spité of the fact that these organisms

(larvae) have photo- receptors which are functlonal, as hgﬁ

\been asserted by Welllngton, et a .,(195ﬂ and Wellington

(1964), and others, their mode of functioning and complete

' mofpholpgy is unknown. As stated by Ruck'(l964), adequate o

physiological interpretations depend upon knowledge of the

e

relevant morphology and, in the case of insects, much of this

"knowledge is hot_readiiy évailable. There is 'a need in this

i
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éonnec£ion to co:relaﬁé some of the more reaent morpholo@ical .
.findings with the oldér morphological literature.

The interpretations used in khis study were derived
from recent infiormation on the fuﬁcti?nal aﬁd morphological
data of'the compound eyes of insects and related arthropgds
(Sheldon, 1976; Synder, 1975; Horridge, 1975).
Most of the tefminology uséé in reference to the stemmata
has been borrowed from studies of the compound eyes ané dorsal
ocelli; An excel;ent reference to the cﬁrrent terminology
used in descriptive studies of the photoreceptors has been

provid@ﬁ by Ruck (1964). Because of the great variation'in

photoreceptor structures a standardization of terms used to

It -

describe structure is necessary. !

-

Origin of the stemmata or insect photoreceptors

HemimefabSEOus larvae generally‘have(fﬁhctiénal cempound
eyes.like those of'the adults, while holometabolous larvae
ére usuall? either blind or‘have lateral ocelli (stemmata).
These'ocelli-dévelop early in the emb;yonic life from
ectodérmal origin independently of, but in,associatioﬁ with
the compound eyes (Meinertzhagen, 1973, 1975).

According to Trujillo-Cenoz and Melamed (1973) in the
Egse of dipterous larvae, the vigual-éystem (retina-lamina
complex} is denived from the synchronous neural maturation
of two embryslogipally different-areaé: the eye iﬁaginal”
disc aﬁd the lamina aniage in éhe brain. |

In other holometabolous insects like the dipterans, -

the compound gye commences development after the first

b
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'emergence of the-larvae. The major development océurs with
the larval stages as in Diptera and Hymenoptera, or rapldly
at the endcoﬁ this stage and into the pupal phase as ;n,eqpe
Coleoptefatand Lepidoptera. In some holometabolous larvae,
e.g. Lepidoptera, Colecptera, nematocerous Diptera, the eye
forms externally, while in others 1t.forms internally from
sgecialized imaginal discs, invaginatlons of.ﬁhe labial
" pharyngeal epidermis (eyclorraphousrDiptera|and Hymenoptera) .
In larvae with lateral ocelli, the ocular (stemmatal)
nerve connectlng the lateral ocellus or multlple\SQE}L;/ﬁfjf*hw
the optlc ganglion serves as a gulde for the first 1pgrowth
of the retinular axons of the compouhd eye (Nordlander and
Edwards, 1969). Although the ocelli may persist into the
adult in a few forms, they generally degenerate at meta—
morphos;s and often are represented only by plgment spots
on the head epithelium or on the lateral surface of the brain
(Meinertzhagen, 1975).
Early ip larval develépment, the-eye discs contact
the surface of the larval brain hemisphe;es and continuity
is eetablished between the.two byy the formation of the optic
stalk in fly larvae (SancheﬁHzJSZLchez, 1926; Trujillo-Cenoz '
and‘Melamed, 1973; Cajal end Sanchez,'1915; and Meinertzhagen
and Horridge, 1970a). Steinberg (1941) found the optic stalk
at the beginning of the secoﬁd inetar larva or'sliéhtly before
this developmental etage. The first retinal fibers do not

grow until nearly half the way through the third instar larvae:

in Lucilia and Calliphora and this is also the case with

~
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Drosophila. 'In these insects, the optic
-stalk of the mid-third in3£ar larva consistsof a substantial
outer cellular'gheath with a core of axons. The axons are
-separateé into two groups, the "ocellular" axon-bundle and the
retinular cell axons (Sheldon, 1976). Thé “"ocellular" axon

“

bundle consists of a few fibres - 27 in Lucilia'cuprina to

50 in Calliphora stygia-and is found in the optic stalk from

the second larval instar onwards, long before the first
retinular axons- have appeared. - This bundle arises from fhe
Qil posterior part of the eye disc bﬁ% the cell origin has not
’ been' identified (Shelton, 1976). It épparent;y‘corresponds
to the ocellar nerve of Culex in which the 1;rval ocellus
develops early on and functions from the first instar‘to the
first larval organ of sight (Pflugfielder, 1837). That the
bundle is truly homologous with the nerve of the larval ocellus
of Culex is suggested by its posterior and early appearance
preceding the growth  of the retinﬁlar axons and its origin
in a group of cells at the posterib; border of the eye disc;
’ Panov (1950) and Pipa (1973) found.that the larvae of
-holometabolous insects have three optic glomerula and possess
well developed visual organs (some Lepidoptera for example)
at- the time of hatching. When stemmata (larval photoreceptor
‘cells) are less well developed (some lepidopteran larvae,
(m—: "eruciform larvae of Coleoptera) th; numbgr is reduced to
, one or two. ‘ ~ .,

In the monarch butterfly (Danaus plexippus L.} the optic
-

center neuropiles arise during the larval stadia, but the
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growth of one of these, the lamina ganglionafis, is most

rapid after pupation when the ommatidia differentiate
(Nordlander é%d Edwards, 1969b). .
For the compouné eye, which is the ultimate photo-
receptor in the adult insect, the formation gf the ommaéidia
(Basic phoéoreceptive unit) seems to involvé tﬁree processés.
These are (l) recruitment of epidérﬁal cells, (2) their
proliferation‘within the eye margin and (3) the grouping of
their division prodﬁcts to form pre-ommatidia (Waddington

and Parry, 1960). Little is known about the control of cell

division within the advancing eye margin, but in Schistocerca,

mitosis reaches a peak during the middle of the intermolt
period (Shelton, 1976) and presumably it is affected by
hormone titre. In dragonflies both juvenile hormone (Mou:ze,

1971) and ecdysoné (Mouze, 1972) are required for eye develop-

ment.

The forces which govern cell clustering are obscure
but almost cerﬁainly involve surface adhesion by some unknown
mechanism. Dissociated retinal cells from imaginal discs in
Drosoghiia sort themselves out from~the antenﬁal celis and
reaggregate to form small groups resembling pre-ommatidia
(Kuroda, 1970). At this time there is also a complex
sequence of cell junction types,-each of which éppears at
a‘particular stage in the cluster (Shglton, 1976). The
types of junction present have been implicated both in‘surfacg.

adhesion and intercellular communication.



Eunctibﬁ'of the stemmata

The actual function of the steﬁma is not well.understoéd.
Whether each individual ocellus‘act;:as an eye that perceives
images or only as a photoreceptor discerning light intensity
and quality depends upon conditions established by Dethie;

(1942, 1943} during the course of his work with Isia isabella.

THese criteria are: (1) the ability of the dioptric (light

o~

gathering) apparatus té form images; (2) the location of
the image planes with respect to the rhabdom; and (3) the
ability of the rhabdom to receive the iﬁages fq;med. Dethiexr
(1943) has shown Fhat regardless -of the distance gf an object
- from the stemmata, the imqge falls somewhere along the
‘elongated‘rhabdom, thus giying ﬁhe stemmata an analogous
operation to that-of.a fixed}focus'camera.

The sum of the capacitieé to all individual units‘
acting jointly givés vision to those insects with simple
_eyes (Paulus, 1972). Dethier (1942, 1943, 1963) has
postulated that vision in those insects possessing ocelli
is basicélly the same as those with compdund eyes, 'even ._ . !
ithoughiit is much more primitive or‘rudimentary and crude,
bu£ nonetheless, a form of mosaic vision. He believes that
each ocellus collects iigh? at some point along the

vertical rhabddm, thus in this manner, giving twelve points

%

~-

of iight for all six ocelli combined. There would be

no overlapping of visual fields which can be attributed

to the spatial arrangement of the ocelli coupled with the

klinotactic-like behavior’(movement of the head from side
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to side ‘in an advancing caterpillar). This greétly increases
.Fhe possible visuél field examined by the caterpillar once
it is mobile. - | |

Hundertmark, (1936, 1937) carried out expe;iments*
to deterﬁiné the caterpillér's ability to distinguish light
lintensities and shapes by noting orientation of the larvae
when‘placedlén a white surface with black shapes. He found
that the larvae moved towards black and white boundaries,
énd postulated that ﬁhe.ocelli were involved in the reception
of light intensities and orienfation. Whether or not those
insects éossessing ocelli are capable of detecti%g color has
not been proven (Mazokhiﬁ-Porshnakov, 1969).

Wellington (1948) studied the light reactions of the

spruce budworm Choristoneura fumiferana Clemens and found

that all larval stages are first reteptive to a discrete
source of light and that this response is a function of the
state of distension of the digestive tract. He suggested
that larvae reacting negatively to a source of light were

not repelled by diffused light intensities . higher than that
of the source; therefore, a primitive form of image formation

is present in the larvae of this lepidopteran.
)

Wellington, et al. (1957) worki larvae of

Malacosoma americanum L. found that when Tarvae were in a

phototactic state, they were sensitive to the plane of

polarization of light. The larvae are able to use the
polarization pattern of the sky to varying degrees in

establishing orientation. This ability of the larvae to
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uée polarized light is made possible by a filter mechanism,
consisting of the microvilli of the distal rhabdomere. (the
linear polarized analyzef) aﬁd the proximal rhabdomere
(absorbs or measures the in£ensities of the polarized light
transmitted by the distai‘rh&bddmere) (Gﬁiﬁakin, 1873).

The problem of dgtermining which organs receive the
photoperiodic stimuli is very difficult to solve ‘experi-
mentally. ContradictoryL;onclusfons from various studies
‘with different insecté have addea more confusion to the
already existing problems. -Various authors have made
contradictdr§ statements on the nature and functibn of the
receptors of the photoperiodic stimuli but the general
consensus is that these organ; are locéted primarily on
or in the head of the insect (Lees, 1960a, b, 1963, 1964).

Bélov (1951) however, suggeétéd an even more confusing
location for ﬁhese recéptors by postulating that trichoid
sensilla (flask-shaped epidermal sensilla) were the
receptors of the photoperiédic message. He reached this
conclusion by observingﬁthat the structure of these sensilla
changed shapes and sizes during-the course of his éxperiments
in their responses to visible light.

Tanaka (1950) covered and burned the ocelli of the
ChinesebOak silkworm and found that the blinded larvae
retained their sensitivity to the photoperiodic étimuli as
well as diaggused under sho;t day conditions. From these

experimental data he concluded that the photoperiodic stimuli

was not receiﬁed by the visual organs but by some other

/‘.
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special receptor the nature of which was. unknown.
Geispits (1957) isolated and exposed the heads in one

group of experimental insects, Dendrolimus pini, and then thé

bodies in another group to a source of light to determine.
the location‘of the photoperiodic receptors. From ‘the
reaction of the two groups to light, it was concluded that
the heads did indeed contain ph&toreceptors. Ishikawa (1969)
using electrophysiclogical techniques for the study of the

photoreceptor systeﬁ of Bombyx mori larvae suggested that

stemmata were capable of reacting to light. This indicated
the system may cpnsist'of at least two different twpes of
receptor elements with differing‘spectral characteristics,{oﬂe
maximally sensitive to near ultraviolet and.thé other to blue-
green or green light waves. 2.

Some experimentél evidence given by de Wilde (1958)
gave indications that the vigual organs do not play a“

substantial role in the photoperiodic reactions in the

beetle larvae of Leptinotarsa decemlineata. He came to

this conclusion after beetle larvae were blinded by
diathermic cautery or covered with black lacguer and the&

" stilll reacted to the normal light rhythm.

Seugé (1973) cauterized the ocelli of Pieris brassicae
larvae in the four;h and fiféh instars and exposed fhe
larvae to diapause-inducing photoperiods ‘and temperatures.
"The normal photoperiodic reactiqm remained unchanged,
even though some of the pupée férmed died or prodﬁced-mgl—

formed adults that died soon after emergence. She concluded,

e
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then, that the ocelliﬂwere not the receptors of the
photoperiodic stimuli.

These studies show that the ocelli and the optical
tract maly not be the obllgatory mode of photoperiodic
stlmulatlon in all lnSecTF posse551ng these structures. 'jh
Meyer—-Rochow' (1974) has suggested the aid 6f other super—
ficial structures neer the ocelli,‘such as hairs and;.
bristles and that even the cutieular surface itself may
be instrumental in the concentrations or transmission of
photopertodic informatﬁgh from the environment to the brain.
Hinton (1969) also made a similar postulation.

The neurosecretory cells of_the brain in some insects -
have been implicated as the center of the
photoperiodic response._ Lees (1960a, b) noted that light
acts directly on the dorsal central region of the brain
in aphids.. Others have reached similar cenclusions with
qther insects: (Adkisson and Williams, 1964; Claret, 1966a,
b; Cloutier et al., 1962; Fukuda, 1951; Harker, 1960a;
-hasegawa, 1957; Shakhabazov, 1961).

These authors do not demonstrate that neurosecretory
cells are directly the primary receptors of the photoperlodlc
stlmull bﬁt suggest that these cells are involved in some
lntlmate wdy. -Their, results may also be an indication of
the effector position of neurosecretory cells,

Callahan (1965c, 19é7) proposed an infrared theory of
diapeuse control. 1In this theory, it is postulated that

L}

infrared radiation is a possible factor controlling diapause.
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The mechanisms are based on: a) the structural configuration

of the special sensilla and spines that cover the head
. \,,_.‘ .

and body of the insect i.e., how spines and sensilla

function as the electromagnetic waveguides for focusing
long~wave radiation (coherent radiation) into the nervous
system;.b) the ocelli acting as immersed optics used in the
detection of incoﬁerent infrared radiation;-c) the K penetra- Re
bility of infrared through organic substances; d4) thé
energy outpu£ of incandescent and fiuorescent,lamps used in
photoperiod studies. Callahan (1965¢) also thought that the
relationship of theée factors to diapause should be studied.
Wellington (1948) suggested that histological examinaﬁions
be conducted on the ocelli,jboth those posses;ing bi- and
tripartite éype lenses of the sixth instar of the spruce
budworm. , This was madé in reference to the photic oriéntation
he founa in the insect. ﬁe stated that the insects should.be
fixed when they are at the photopositive, compassing and ;
éhotoﬁegative'étates.
The functions of any photoperiodic receptor}should be .-
1) to detect the presénce or absence of light, 2( té provide
a cléék mecﬁénism for measuring the length of the day or light

and to. integrate this information to the animal in a useful L

fashion, 3) to act as an effector system to control metabolic

cﬁanges such as diapause} aestivation, hibernation; etc. :
‘ i !

(Beck, 1963). Removal of the eyes and stemmata in some cases

has resulted in no impairment of the photoperiodic response

(Ggispits, 1957; Vui;liaume et al., 1972, 1974) which would
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therefore indicate that. so-called photoreceptors or visual
units are not necessarily photopériod—measuring organs or

peg} of such a circadian system.

Pigments of the stemmata

-

.££§g=one has isolated or identified the Qisﬁal pigments
invozved in photoreception in the stemmata of any lepidopteran
larvae. There had however\been work dorne oh the visual
pigments of adult insects (Linzen, 1958, 1967; Butenandt et
al., 1960; Becker, 1941, 1942; and Butenandt and Beckmann,
1955) . |

ﬁinzenf(l958) found accessory pigments, ommochromes
(not melanins), red, vellow, dark brown pigments which can

3
be reversibly oxidized and reduced. They originate £from

‘the amino acid tryptophan through the intermediates,

kynurenine and kynuronine (Becker, 1941, 1942; Butenandt
and Beckmann, 1955). These pigments are usually found in
cells bound to proteins in discrete granules and are only
sparingly soluble in water or in neutral organic salts.
Linzen (1967) has recognized several kinds of pigments
which fit in this category. These are ommatins which have
three closely related types. One of these is xanthommatin
which is found in the eyes of adult Diptera and are the
most abundant as yellow or red depending on the soivent
and whether it is oxidized or reduced. This group of
pigments is soluble but decomposes in an alkaline environ-
ment. The ommins are another group of ocular and central

nervous system pigments found in insects. These are widely

/"\
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" distributed in many insects and other invertebrates

(Fuzeau-Braeschi, 1972). They have a higher molecular
weight thaﬁ the ommatiﬁ, greater stability to hydrbxide
and-the granules are smaller'with less’ tendency to auto-
oxida£ion, probably because they contain sulphur
(Linzen, 1967).

" In the eyes of Orthopteré, ommatin has been found and

extracted by Linzen (1967), the chemical structure being:
A

somewhat similar to the two formerly mentioned pigments.

Another group of pigménts‘found in the eyes of
Diptera, Lepiﬁopte:a, and Orthoptera are the pteéidines.
TQese are red, yellow éhd colorless, soluble in water or
lower alcohols. The red type of pteridines found in the
Diptera eyes have thﬁee closely related compounds which have
been called'drosopté;in, isodrosopterin, neo—drosopterin,-
and in addition sepiaterin (Linzen, 1967). IsoxanthoPterin,
a fluorescent pigﬁent was also found in the compound eyes
of these dipterans (Viscontini, et al., 1955). |

Accessory pigments are generally found in_asséciation
with proteins in dense granules, sometines about 0.5y in
diameter but frequently smaller. The color of these

accessory pigments found in Calliphora ranged from deep red

to yellowish brown. The red granules were found to be .
mostly reduced xanthommatin, while the yellowish brown
granules were found to contain a mixture of oxidized and

reduced xanthommatins (Linzen, 1974).
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The ommochromes are the screening pigments in

adult and larval insects. In the larvae these are

w

'répresented by the patches ¢f red-brown pigments found

on the brain and absominal ganglia (Strothers, 1966).
‘In vertebrate organisms the conversion of light ehergy
into an'impulse«involves a photoreceptor "pigment; the

same is true of most\inveftebrafe organisms (Chapman, 1969).

e

'This is a chromoprotein known as rhodopsin which consists

of retinene,.thefaldehyde of vitamin A, and a conjugatgd
protein. Retinéne has‘beén isolated from the Crugyed -
hEadé of ﬁ&menoptera, Diptera, and Orthop%gfa“as'well as -
some other major.groups of insects aninf is reve&sib%y
converted to wdtamin A b; the action of a dehydrogenase
which is v%rtually'ghe same process-gé ip the v'erte‘brateW

N ' : ) =
eyes. It has also been found by Goldsmith and Warner (1964),

that, in Apis light-adapted heads, the ratio of retinene:

" vitamin A is 4:1 whereas, in dark-adapteéed heads it is 1:4,

which suggests that the retinene is-conve;ted to vftaﬁin A
in light. The site of this photocheﬁical reacfiép-andﬁrﬁ
conveisién has been suggested to be on the égfface;of tﬁe

tupulaflﬁicrovilli of the rhabdomeres in the pﬁotoreéeptor

(Goldsmith, 1974). In the developing pupae of Bombyx = the

| first appearance of electrical responses to iliqmination

coincides with the development of the rhabdom (Egucﬁi,lgﬁ

al., 1962).

A
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Pigment migration upon light and dark adapﬁation has -
been studied by many workers in the comppﬁnd eyes of

insecfs (Goldsmith and Bernard,-1974;.Walcott, 1975).
e ~ N

This type of pigment movement is not -known to occur. in o

* the stemmata of lepidopteran laryae. In most adult

3

.-

lepidopterans ocular pigment movements .are usually extensgive

and dramatic. In‘séme~Iépidopterans a diurnél;ﬁpgthmaqf

pigment migration persists even in complete dark conditions

(Walcott, 1975). : ‘ " .

Fom
e
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‘ ' METHODS AND MATERIALS

R T

Speéimens used in the study o ’
,Thé species ﬁsed, their‘respective cohmon names, family

_and habits are given in Table 1. Table 2 coptéins the

specieé and manner in which they wé;é studied. Table 3 shows

fhe rgaring conditions and diets for the species held in

the labo;atgry. Table 4 gives the source, stage collecte;?

. and names of the gpecies used in the entire study .

Laboratory rearing -

Those species reared in the laboratory as indicated in

-

Table 3 were kept in an environmental chamber after the

. method of Goettel (1977) and Goettel and Philog&ne (1978).

~Malacosoma amefidanum (F.) were reared in cages on forced
budded’ apple and chokecherfy leaves or on artificial diets.

Sevepyal ani were placed in an ointment jar with a

veral choices of diets, then, after three days

the diet eaten most frequently for that group was provided

aé the only food source. Egg masses of M. americanum were
collected in the field from apple épd chokecherry twigs.
These twigs (usually 1 egé mass perx container) were ﬁlaced
in a plastic bag and sealed around the top of the jar to
prevent moisture loss. Uponhfclosion, the larvae were
placed on either apple leaves attaéhed;to a branch (a twig
of the host tree was inserted into a hole made in the lid
of the ﬁar).‘ This jar was also provided with sticks on

- which tents were constructed., These containers were changed
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and cleaned every 3 days, but the tent was not destroyed -
because it was in these tents that the larvae épent their
non-feeding hours and molted. . This Fegulgr changing allgwed]
for easier monitoring of the 1arvai stages,. thus ﬁaking it

possible’ to select and study larvae at different stages in

" the molting cycle.

When larvae of M. americanum were placed in the small

medicine vials (Goettel, 1977), individually or in groups,

many died within a few days from starvation or other unknown

causes. Most of the individually confined larvae could not
molt, and would remain in a non-feeding pre—épolysis state

until death. The new cuticle beneath the old ecdysical skin

~ would have in_ﬁéhy instances hegun to darken and harden,

/

\

thus making ecdysis impossible.
The.egg masseés éf M. aﬁeriéanum were-cdllé¢£ed either in
the fall and winter and stored at 0°C in plastic bags with
a saturated (distilled Qatér) cotton ball and sealed{ or in
theISPring and attached ana reared as previously described.
When larvae of M. americanum weré collectea in Fhe field
in a tent, théy were placed in screened cages in the green-
house and provided with leaves from the host tree. Field
collecfiné of the tent larvae was usually'done during‘the
hottest parts of the day when the larvae had returned to the
tent. In this manner, no distinction was made between'fast

and slow larvae nor photopositives and photonegatives

- (Wellington, 1964). In the laboratory reared larvae a -

distinction bétween.fast ans slow larvae was possible, and

.-t



Larval. Hyphantria cunea (Drury) were colle!

-

the field from tents which usually contained a variety. of .
larval instars. These tents were constructed Qh mény differlf
ent kinds of host trées and no distinction between the larvae
from the differént host plants were made.

IA the laboratory, theée larvae were kept on and fed
the same host plant frorhjwhich £hey were collected. Food
was provided to thg‘iarvae in large screeﬁed cages kept in
the, greenhouse by placing the cut end of the branch which
ﬁéd been washed in 25% commerci;l bleach solution, then

placed in water. Larvae were remoyved from the web and

killed when needed.

Larvae of (Pyrrharctia) Isia isabella and Diacrisia
virginica (F.) were reared after the method of Goettel (1977).
D. virginica larvae were most successful when rxeared on the
wheat-germ-casein diet of Goettel (1977). The bean diet of
Hinks and Byers (1976) was also an adequate diet for this

species and mature insects were obtained.

Mature larvae only of Thymelicus Jdineola (Ochs.) were

collected in the field from Timothy hay in the late summer.

Ctenucha virginica (Charp.) were collected as Qenultimate
lgrvae from grasses béneath'apg;e trees during April and
early May. These larvae'yere prpvided wisth gré;s to feed
upoﬁ. Mature larvae of I. isabella and D. virginica were
collegted in the fall in the field while "wandering". These

were stored in the lab at 0°C for up to six months then
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“removed and placed at 25°C until pupation or, i\ tl}& case of
D. virginica,until ehergence. \Once pupation in I, isabella

had occurred,; he adults that emerged were placed in cages

(60 cm x 60 ¢m x 90 cm) at room temperatﬁre or in cages in

-~
s

the greenhouse and. allowed to mate and lay eggs.- The".
resulting eggs were then plgceq in a contaiﬁer with damp

sterilized sand until hatching. TheﬂEémaining rearing -

‘procedures were as. those used by Goettel (1977).

Microscopy methods and stains \
A stereoscope was used to determiﬁé the grOSS'anatdmy
of the stemmata and their internal connectives. Larvae of

I. isabella, H. cunea and M. americanum at various stages

and unde£ various laboratory conditions were used in this
part of the investigation.

These insects were examined by opening dorsally the
bodies of live insects which had been pinned or held with
plaéticene in waxed dissecting Petri dishes. Pins were
inserted in the insects at the last abdominal segment then
at the base of .the head. A scalpel or single edge razor
blade was used to make the initial longitudipal dorsa& cut

-ﬁhich opened the body, and the viscera were flooded with
Ringer's- solution for insect tissuesﬂ(Barboéa, 1974) throughout
the duration of the examination. The heads weré opened
dorsally under Ringer¥s to expose the internal connections
of the stemmata to the central nervous system. ‘

Some .individuals were treated with supravital stains to

enhance_detail of some of the very'transparent structures.
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The'stains used in this part of the investigation'were*
Janus Green B" and Neutral Red whlch were used either separate
or in comblnatlon, 18 aqueous Methylene Blue and Nile Blue

solutlens. Many structures such as pigment granules and

crystalline cones could easily be observed without the aid

R

of stains or dyes.
Some larvae taken in the fleld were killed 1mmedlately

by dropplng the insect in elther alcohollc ‘Bouin's solution

-

or 70% ethanol. These were used in the stereoscope examin-—

™~

ations as“well.ae‘the lighr microecoﬁe tecnnique.‘ Insects,
which were,aiive or had succumbed within 1-2 hourslfrem the
ill effects of rough handling and/or viral infections were
also used in this part of the study.

Pertinent dissections were demonstrated by either

drawings (free-handed) or photographed through the ocular of

the stereoscope with a 35mm single lens reflex camera.

N

Scanning electron microscopy {(SEM)

Those species examined wiﬁh the SEM are shown in Table 2.

Larvae were killed in 70% ethanol, Beuin's or 4% glutaral-
dehyde in a 0.2M sodium cacodylate buffer. Some larval exuvial
head capsules were used as weli as these‘larvae that had )
died of unknown causes and allowed to dry. ‘Fresh killed
larvae were dehydrated in graded series of alcohols (erhanol)f
thus providing the'necessary washlngs needed to remove dlrt

and other foreign matter from the halrs, then air dried (in

a dust free contalner) fpr 48 hours.
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Oﬁée the heads were suffiéientlj_dry, they were
positioned on—alUminum stubs with a‘nopcondﬁctive adhesive
tdissolved cellophane tape or clear fingernail polish) then
mounted on the stﬁb permaﬁently_with-coﬁductibe Qilvegmpircuit
bogrd paipt:. All larvae useq were coated with carben and
?old by the.rotation method then viewed and photographed
with a Cambridge Stereéoscan scanning electron.micfoscoée; )

When specimens were extremely obscu;ed by foreign'-
maﬁerial suéh as excreta and regurgitated gut fluids, they ;
were washed several times in ethénol in a sonicator or
manually. Also, manual washings with a,cotton swab dipped

in ethanol, acetone or xylol were done to remove encrusted

foreign matter. : . -/

'l'Light' micrqscopy

Speéimeqs that were to be used for the light'microscopg
examinations were killed and fixed in alcoholic ébqin‘s
solution by injection or ;imply dropping the insect in the
solution.s Other specimens were decapitated while in insect
. Ringer's and the excised head was split‘then put in Bouin's
solution. Ail_insecfs were left in the fixative.for 24-48
hour period before fuéther preparation was undertaken,

After fixation was-completed, the specimens were washed
in distilled water. If a yellow coclor from the picric acid
femaiped after several washings, then hhe s?ecimens were
placed in a 20% eﬁhénol‘solﬁtion with sevefal drops of

lithium carbonate (10%) solution and left until the yellow

color had been completely removed from. the tissues, After
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TABLE 1

SPECIES USED IN THESE STUDIES

[
£

v

-

SPECIES . FAMILY HABIT
Ctenucha wirginica (Charp.) Ctenughidae larva feeds on grasses, overwinters as
. penultimate instar larvae
Diacrisia virginica (F.) Arctiidae - larva feeds on low forbes, wanders,
< x; overwinters as pupa
Euxoca messoria (Harr.) A Noctuidae ° larva feeds on young plants at night at
. ' ground level, spends most of the day in
’ the soil, overwinters as a larva in the
- eqg
Euxoa rockburnei (Hardwick) Noctuidae same as above .
Hyphantria cunea (Drury) Arctiidae larva feeds on trees in tents, overwinters
R as a pupa
" Malacosoma americanum (F.) . Lasiocampidae * ‘larva. feeds on trees, builds a tent for
. shelter, overwinters as larva or embryo in
edg
(Pyrrharctia) Isia Arctiidae larva feeds on low forbes, wanders, over-
isabella (J.E. Smith) : winters as a mature larva
Thymelicus linecla (Ochs.) ..mmm@mhwwmmm. larva feeds on grasses, overwinters as

larva in egqg
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TABLE 2- _ : .

SPECIES USED IN THESE STUDIES AND METHOD OF STUDY

. : o : _ -
SPECIES ’ ) - COMMON NAME , ' EMHEOE OF STUDY*

Ctenudcha virginica Virginica ctenucha LM

UHmnHHmHm.qumwswnm . Yellow woolly bear | SEM . : AMAU
_Euxoa messoria o UmelmHmmm cutworm ‘ M SEM

Euxoa rockburnei : . H : . , - LM e
Hyphantria cunea . Fall webworm ; : LM mmz. :
Amwhnﬁmhomwm_v.wam - Banded woolly bear TEM LM SEM ‘

isabella . . .

zmHmOOmo&W americanum . Easteirn ﬁmsﬁ.owﬁmHWWHHWH . LM SEM .
Thymelicus lineola o European skipper - , | LM SEM -

' -
;!

* SEM Scanning electron SHOHOmoowm
LM Light ?HOHomnowm - . . - ’ .

TEM Transmission electron micros¢ope

:

e



TABLE 3

meHOMMWHOUm AH\Dva ﬁmzmmwbecwmm (°C) AND DIETS USED IN THE ﬁ@wowbeowﬁ
REARING Om SOME bbm<bb hmeUOWHmwam PREPARED FOR THIS meGUM

SPECIES | ' PHOTOPERIODS ' TEMPERATURES ~ © DIETS*
Diacrisia virginica - - 15/9; 12/12 . Room (21-25°C) Ww-C, B, C
9/15; 17/17 .22 & 25°% . ‘W-C, B,.C
Euxoa messoria o Room Room - . " B
Euxoa rockburnei ) Room - Room. _ B -
Hyphantria cunea . Room. . ‘Room . _ N
(Pyrrharctia) Isia 15/9; 12/12 Rcom W-C, B, C
‘' 1isabella L ..m%mm“ 17/17 22 & 250¢ .. W-C, B, C
/9; 12/12 | 22 & 25°C. "~ W-C, B, C
©0/24" 22 & 25°C w-Cc, B, C
. o ‘ _ . ,
‘ . . R
Malacosoma americanum Room ! Room N .
~15/9; 9/15 22 & 25°C | N, W-C, B
i B

12/12; 17/17. 22 & 250C : . N, W-C,

W~C  wheat mmH§|nmmmH§~..m. Bean, C- nmmmwbv N ZmﬁchH.moom plant

*ﬁcvmﬂm prepared after Oomnwmw 1977).

-
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TABLE 4

SPECIMENS, SOURCE AND STAGE WHEN OBTAINED FOR USE IN THE STUDY

SPECIES

%ﬁ%ﬁmwwncm lineocla

Field

\\\ mOGWOﬁ STAGE
Oﬂm:cmsm virginica ) Field All -
menﬁwmwm virginica Field Last instar
Euxoa messoria Lab | all
mwxmm.ﬂonwwcﬁumw Lab All
mwwvm:nwwm Mcbmm " Field AlY
" (Pyrrharctia) Tsia isabella .mHmwm Last instar
: Lab All
Malacosoma americanum Field all

HWU All
TL,ast instar

i

>
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washing several times, speoimens were dehydrated in a graded
series of ethanol to absolute then cieared in a graded series
of benzene and ethanol. ‘Specimens were clearedlin 100% benzene
and hot paraffin. Once this gradual pataffin infiltration
was completea, specimens were efibedded in paraffin at
different planés; serial sections were cut oh,a manual micro-
tome at 5-10u. Sections were thén placed onto a glass slide,
dopafaffinizedy rehydrateo, stained, and mounted in Canada
balsamn. R

Sections were stained with Mallory's Triple stain
(Pantin, 1969), Delafield—eosinrteohniques (HPO} (Barbosa,
1974) or P?raldehyde Fuchin (Ewen, 1962).

Modified Lillie's nile blue technique was developed for .-
staining and differentiation of melanin and lipofuchsins in ‘
vertebrate organisms. With this technigue all melanio
containing tissues are stained‘dark greenf while lipotuchsinsf
are stdined dark blue-green or dark blue; melanin granules - 3
pale green; myelin sheath - green or deep blue; mast cells -
purple red: the nucléi are poorly stained (Humason, 1967).

Both methods of Lillie (1956a, b) Qere used in this technique.
The alternate method of Lillie (1956b) involved the use of

a 1% sulfuric aoid solution to remove the excess dye and
further brocéséihg of the tissués by deﬁydration in acetone,
clearing in xylene, theh mounting the tissue in Canada balsam.
In the first technique the rehydrated sections and organ a?
systems Were stained, washed in runnlng water and mounted in

glycerol jelly. The major modifications to the two methods

. ‘ _ . * \_/
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of Lil;ie (1965a, b)_made to facilitate use in this stﬁdy‘.‘
were: a).whole organ systems as wéll és*sections were
ﬁsed, b) a prolopgeﬂ stgining time in all instances, -
c¢) alcohol killed and preserved sﬁecimens as well as Bpuin{s
fixed méterial were used, and d} tempofary ﬁounts in Water*
. without a moun;ing medium wgfe prepgred;

Larval head seétions were fhen examined and photographed'
with a Reichert Biopiag compound microscope.

Unstained section; of whole organ mounts were prepared

for viewing with the phase contrast microscope.

Transmission electron microscopy (TEM)

Specimensiaf Isia isabella which were reared at various

conditions of otoperiods and temperatures gwere examined
1

-

at different gtages of development. | ¥ "
A 4% gluteraldehyde in a pH 6.8,l0.2M sodium cacodylate
buffer s&}g}ion was used as fixative, as well as paraform-
aldehyde solutiqn of Karnovsky (1965). The fixative Qas_
either injected into the body cévity, or heads which had been
excised and punctuigd with a fine needle (to allow better
penetration of the fixative) were placed in thelfixative.
When the fixative was injectéé, the heads %eré cut from the
bodies, then cu£’longitudinally to allow better fixative
penetration. Most of the muscle tissue of the head was
removed to further allow better fixation. The animals were

left in thé fixative for 4-5 hours then washed in the buffer

three times. After washing, all heads were post—-fixed in cold

1
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2% osmium tetroxlde and the 0 2M, pH- 6 B sodium cacodylate

Yo

buffer. Post flxatlon was followed by three washes in cold

__buffer Dehydratlon was done in a graded series of cold

‘"fog 8 hourSu

- coated copper g?ids} double stained with lead citrate,ahd'“

overnlght at 60 Ci.

(on 1ce) acetone at 15 minute lntervals.' Once dehydratlon
was completed (3 changes of 100% cold acetone) gradual

1nflltratlon of Spurr s low VlSCOSlty re51n {Spurr, 1969)
¥

wag_carrled out in decrea51ng concentratlons of acetoge to

resin The slow 1nf11tratlon took two days to complete SO

1

that flnally 100% Spurr's re51n was left on the spec1mens
i 5 v

1

B Spe01mens lhflltrated 1n this way were polymerlzed

Ae

‘ Sectlons we,ﬂ'cut on a LKB Ultramlcrotome wlth a glass'

knife, ﬁloated on water, picked up on 150 mesh formvar-
1

uranyl acetate. 'Viewing and-photographing was done on

Siemens 101 ahd A.E.I. transmlsSLOn electron mlcroscopes

Thlck sectlons for the light mlcroscope {0.5-1.04)
examination to facilitate o 1entatlon were stained with,
methylene blue—baszc;fuchSL (Aparlclo and Marsden, 1968)
re II (Phlloptt,_lQGGL Weakley, 1972) and methylene:blue
(Richardson, et al., 1960): | |

-

!
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RESULTS

Gross Anatomy

The objective'of this part of the investigation wae.to s
gain an.understanding of,theéﬁtatial-arrangement of the
optical orgars aad their respective subunits. ,. o

‘ . S
Dissections and examihations under a stereoscoﬁe were

made. using as study spec1mens various 1arval 1nstars of

Isia isabella, Malacosoma amerlcanum and Hyphaatrla cunea.

Some of the larvae of Isia 1sabella and Malad%soma americanum

were reared under different conditions of photoperlod and
temperature in. the laboratory (Table 3}, while other 1arvae
_of the three species were collected ini the flela durlng ‘ .
vario&g instars. |

Several evénts were observed sucﬁ as pigment granule
migration, pigmehrngranule maturation, positions of the
stemma if relationship to thefhead cuticle; relationship of*”
eacﬁ steﬁma‘ﬂoreach other close;y,situated elements such aa

sensory units of the ocular bristles in the head capsule.

_ Figure 1 is a schematic diagram of the lateral view
: SRR »

of the brain of I. isabella with the major’connectives and the -

"positions of the etematal nerve as it enters the brain. In
the three epecies stgdied,fthere was a»posirional difference’
“"in the insertion of the stemmatal nerﬁe;i?)ihe brain. - Inﬂg.

. 7
americanum and H. cunea the, stemmatal nerﬁe entereg the braiﬁ,
betw#®n the frontal connective and:the antennal nerve, but
in I. isabella it entered above the antennal nerve.h.'

-~

——



Fig.

b

1.

L]

A schematic representation of the brain.of a

Lo TR :

&

larva of Isia (Pyrrharctia) isabella.in

lateral view showing the major connectives

and position'of the stemmatal nerve.

N

CA = (corpora allata) CC = (corpora cardiaca)

ir

CEikis



!

=)
m
!

..

X
B I
f
1
1

A3
i

IAYIN TYNNILNY —F

JAILIINNDD .Emu@:momm.z:um D 4

. e — —— i . — S—
—— — — O—— —

N3N ININYNI Y-
IALLIINNOD TYLNONS

JAH3N VIEYT

S S — — —— — — —r  —— p— —

D

3AY3N TYLYWW3LS

A

= HOIYILNY

-1

NIVY8

— e Ji— J—

SNYYHAOS3

¥

— e it v S— — e m—— a—

J

—
e e e e im e = -

—

- ———

- ¥OIY3LSOd -




- 40 -

In the mature pfediapausiné larvge of I. isabella;}
stemmata 1, 2, and ' § all had a purple tinge in.ihgjcentral
portion whlch was rmnged with pinkish yellow-brown followed
by pale yellow in the ﬁxmh state. The remaining stemmata
had a dark brown central portlon and were fringed with a
tfansparént whitish fluid. At the base of all the steﬁmata
(the plate), a.pu:ple masé was visible and the da;g brown-
purplé pigmenﬁs'were mobile, thus appearing as a ligquid
contained therein. “ |

In' the early instars of I. isabella, the ocular pigments_.-.
were red éﬁd black. The central Portion of the stemmata were
_aark_brown or black while those gigments that,lay‘in the |
outer portions of the stemmata, stemﬁatal nerve, brain,
ventral nervencdrd and ganglia had a red or bright pink tinge.
Theée pigments were so intense that they could'be'éeen
' without opening the animal because the cuticle in.these
-young‘iqdividuals was thin and nbt heavily pigmented. These
obéervations were also applicable to H. cunea young larvae,
 but not to M. americanum whiéh are bléck—pigmented in the
head and body even as developing larvae in the egg:iblack
pigmented eye spots were visible. “

. All six stemmata oﬁ each side of .the head in all larvae
of the three species referred to, from the ea:lieét to the
final instar,were always cannected to each other éﬁd,ko the
bréin via the stemmatal’ nerve. Even though all these orgéns
undergo extensive displacements, they remain connected to’

each other and to the brain during moltiﬁg. Plate 1 (A & B)

it s - - B P UL S P
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shows the connections of a singlexsteﬁmatal unit (Qne.side'cf
the head) and the connection of the brain-as observed in M.
émericanuﬁ and I. isabella. A schematic representgtion of
this ccnnectlon is also given if Fig. 2. Tﬁe stemmatal elements
lncludlng the sheathing mantle cells from each stemma fuse
at the calyx (a common junction area of all stemmata) and
continuenfﬁ the‘praih as the stemmatal herve and eventually
end in the brain (Pl. 1, Figs. 2° & 3). The stemmatal nerve was
encased in a glial®sheath at the calyx7and beyond, exténding ‘
to the brain. This sheath was not vi;ible in insgcts dissected
in Ringef's_witﬁbu£ a dye. | |

The.pigmented ox retinal 9ells always contained two
types of pigments: an outer, finé.grain, brown‘type-and an
inner, coarse, black type. The position of the.coarsé
pigment grénules within the cell and stemmatal nerve cﬁanged
according to thé age of the insect relative to the time of .
ecdysis (Fig. 2).  Not only did the pigment position'in th¢~
bigmented cells change with the age of the larvae relative
to ecdysis, but-also'the length of the whole stemmatal disc
. or plate in relationship to the cutiéular iens_and sﬁrféce
of the head (Fig. 3). The components of the stemmatal units,
the calyx, -and the stemmatal.nerve‘were sﬁortened as the
tanning process continued after ecdysis. Once sclerotization
has been completed, the stemmatal units were then situated
beneath the cuticular lens andfshqrtened (Fig. 3).

At apolysis, the stemmatal sensory units are withdrawn

into the head capsule beneath the newly forming cuticle.
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Plate 1.

Bouin's

A.
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fixed and unstained pfeparation.

One side of the stemmatal unit showing

the nervous connection to the'brain in -

I. isabella- - =70x

- One side of the stemmatal unit showing

the nervous connections to the brain

in M. americanum. (See list for )
abbreviations). T ) -70x
d
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thickened and contained plgments which were a mixture o{

o
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Bach ' stemma is tightly packed, as well as pressed upon the
other adjacent Stemma, which gave the whole structure the

appearance of a black body. a fringe "of pinkish yellow

: pPigmented material was present around the black mass during

this'brief period of stabilization, but it gradually
dlsappeared as the tannlng and sclerotization and sclero-

tlzatlon Pbrocesses continued, The stemmatal nerve was

'dark brown, purple and plnk granules found in either packets -

Or in a row within the-nerve'(Pl. 2).

Tracheal elements are present 1n‘an envelope beneath
the ocular plate and tracheoles 1nterm1ngle with the
stemmatal unlts. The main  trachea lay along half the length
of the stemmatal nerve (Pl. 1), in all three species

examined., This Erachea'originated from the main tracheal

trunk located at the base of the head.

Diapausing larvae

'During diapause; the ocular cigments present in the
retinal cells were dark brown to black and there were then
no observable plgments in the stemmatal nerve. All other
colors such as pink or yellow, were lacklng in the stemmatal
plate. 1In early dlapaus1ng or non—feedlng mature larvae of

I. 1sabella the stemmatal nerve was darkened on one side

-w1th the plgments from stemmata l 2 and 6. The pigments

of the nerve and these specrflc stemmata were of the same
color and consistency. Stemma 3 was the first to show a

pink color, last-to show a brown or black Pigment in its
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‘A schematic representation of the pigment position

in the stemmatal elements of all stemmata (1 to 6)

of various larval instars of I. isabella, H. cunea

and M. americanum during.molting. A. Instars 1

to final; one day before ecdysis du#ing apolysis

and in some dark reared individuals of I. isabella

2-5 days after ecdysis. "B, Instars‘l to penul-

timate; 4-6 hours after ecdysis; sofme tanning

- has +taken place. C. Last instar one day after
_sclerotizatidn dand tanning has been completed.

‘(See list of abbreviations). _ S -

-
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Fig. 3.
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The position of the stemmatal sensory elements

‘in‘re;atioh to the cuticle of the head during

molting in the larvae of I. isabella, M. americanum;

. . 5
and H. cunea. A. Final position of the elements
— ——— F' Lo

“one to two days after tanning .and scléroti%ation

have been complefed. B. Position of the elements

r ecdysis, with some tanning. C: Posi-
tion of ements 2-4 hours before ecdysis and 1

hour after apolysis. (See list of abbreviations}.

=y
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elements. entering. the brain via the stemmatal nerve. In

these mature.and diapausing larvae, the entire ocﬁlar plate
was closer to the epidermis but the pigment'ﬁas not very
conééntrated and appeared ﬁranslucent so that the opening

to the lens could be seen,frém beneath aftef”the muscles,
sensofy_units agd connective. tissues had been removed. The
brain and ggnqli@ of the ventral nerve cord were peppered
with deep purpie—brown pigment granuleg which were more
intensely colored than in any of the earlier stages studied.
These pigments turned a deep brown when the insect was placed

in the cold chamber and were less intense in color.

/

'Dark reared larvae of I. isabella

‘Those individuals which were reared in dark containers

had atrophied or reduced crystalline cones and the cuticular

lens were smaller than those individuals of the same age that

were reared under the same conditions eﬁcépt for the addition
of light. The crystalline cone waé seldom tripartite and
often pitted with holes. On the head, the bristles were
reduced in length and the cuticle was wrinkled .instead of
smooth. If the individuals were placed in conditions of
darkness upon hatching, such abnormalities occurred, but if"
they were placed in dark conditions in a later instar, then

the stemmata either would remain.the same size as at the

[

time offconfinément or continued to grow normally.
The pigment of the ocular units were much paler in
intensity than in the light reared individuals. There were

seldom any pigments found in the stemmatal nerve which cbﬁld
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be seen w1th a. stereoscope. The variety as colors that the.f
plgments exhlblted d1d not occur in the dark reared larvae;}'
The corneagen.cells_dld not contaln;any'plgmented“granules-
in these individuais rearedwln cohstantldarkneSSQ

The rhandoms of the retinular cellsewere poorly §Ormedi
and contained an amorphons mass of-fibres:and 1oose black
'pigment grannles.t The secendary retinular or pigment'cells
has smaller granules and these too had 2 faded agpearance

-The changes in the pigment quallty durlng the moltlng -
'cycle were not noted in these 1nd1v1duals, espe01ally those
reared 1n hlgh temﬁeratures and ln total darkness, 1nclud1ng
changing of the  diet (which was done-under red-light ndltlons);'

1Live vitisected 1arvae of M. americanum (Pl. 2, 3 & 4)L
I. isabella and H. EEEEé were used in the stndy of organ
systens treated with the modified Nile Blue technique.
-Melanln based pigments of the ocular system stalned dark é‘é
to blacklsh blue. These granules were located prlmarlly in
- the primary retinal cells. There was a smaller amount in

-
the secondary'retinal cells. These pigment granules‘were
b Lo : v . X ‘
aligned in rows, one after the other in fibers of the stemmatal
nerve. At the base of the'neryeg as it enters the brain,

pigment.granules of the melanin t&pe were found. 'No_lipo;

fnchsin-staining substance was found in the'ocular'regr
nor the stemmatal elements of any of the larvae used;‘.Clumps
] .

q; purple—-red stalnlng flattened cells were found scattered

~5porad1cally ‘on the trachea, stemmatal nerve, among th

'elongated ta%e;e&’éﬁztheiial cells in the ldose connectlve

I
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tlssue sheath that COvered the stemmatal elements.

(red-purple, Llllle\(1956a, b)., thefe clumps of cells

were termed Wmast_cells They could be plasm0cytes (Chapman,

"

o -1969)'in the procesS'gf phagocytoslng some forelgn object in

o : th:%Sﬁsest._ It is worth noting theiloégtion of these red-
\ ‘ pufple staining clumps.of éélls in the connective_tissue ;
sheath and the hemocoellc cav1ty of the head )
\,

This technlque is also used to. 1fferent1ate thelloose
_connective tissue sheath (no gplor) from the pale hlue—gxeeh‘-
L _ myelin (glial) sheath surrounding the stemmatal nerve; Once
the heads were treated with'a formalin-bassd fixative or ;
"ethanol, a characteristiC“cluméing of the myelin sheath was’
noted, usually entrapping the red—pufple sgainihg quiesf

within a single black center could be seen. These were the

-only structures which took on a red-purple staining color
w1th1n thls technlque. “
' ThePmost unsatisfactory aspect of this tephn;que,was ~
. o : :
-*the rapidity with which the ssZtionSf%f organs faded:or
o, ! | lost.the specificity‘ofuthe staining reactisr. The.disad!.-hg

\w/vantage¢of this method was partially overcome by the
preparation of a small amount, of stain for each series of

slides andQQ\reduced'time from staining to viewing the |

results.
\ v



Plate 2.

sy o

et

-

Photomicrographs of formalin fixed and Nile Blue

treated preparations showing: . ‘

3

A. Pigment granule distribution in the stemmata

1
in M. americanum just after apolysis. Phase
contrast 400x.

H

B, A section of the middle sector of the nerve:
Phase contrast 400x. .

C. A sector neay the brain. Phase contrast 400x.

.(See list of abbreviations).






Plate 3.

- 54 -

The stemmatal units of M. americanum after
being tfeated with a #£ixative (Bouin's or
10% formalin) and the Nile Blue teéﬁnique.
A‘=:70x; B = 100x. Phase cogtrast.(See list

of abbreviations).

*
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Plate 4.

Retinal cells in M. americanum maturé larva

after sclerotization and hardening of the

- cephalic cuticle. 1,000x. aPhase contrast.

(see list of abbreviations).

T
-

-
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EXTERNAL ANATOMY OF  STEMMATA
The heads of the larvae 6f’six species (Table 2) were

\examined with th®d scanning electron microscope to compare
—/ '

-

the external corifiguration of‘théistemmata, bristles and

cephalic‘cuticie. Also, some of the aforementioned

spécimens were examined at different instars, various conditions
~ of photopericd and temperature as well as ;g,#iral infested

i

states'.

Diacrisia virginica

Four mature individuals of the yellow woollybear,

{?acrisia virginica, wére used; two were field collected
"and two were reared in the laboratory. - ‘
lThe heads of D. Virginica were a highly shiny brown in
the early instars with dark brown to black markings albng the
frons, vertex and ocular areas. The bodies of the larvge
at all stages are cloaked in long, medium and short hairsl
arranged in various tufted patferns 6n‘the segments. These
"hairs fange fr&m whitish Qé brown on the same larva. In
the la?é instars the heads are black witﬁ brown markings on .

the ventral surfaces with theéforsal surfaces showing littie
if any brown. -

There were six well-developed prominent sﬁemmata on
each side of the head in all specimens examined. Number 1
stemma was distingly'tripartite, rugose and well raised

, above the surface of the head (Pl. 5). The cuticle at the

'Base of this stemma was wrinkled with the folds running

.qdr
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iﬁ an anticlockwise direction. The surface of "facet" one
Gas éxtensively cpnvoluted and deeply divided and separared
from the other two facets. These two remaining.facets
were nét so deeply diviaed'and‘less distinct. Even though
‘the two adjacent facets were less distinctively divided,
their surfacgs wete rugose, bu;/ﬁ6ﬂé lesser extént than in,
tﬁe single facet. This single facet of;stémma 1 was situated
in such a way thét the widest margin was directed to -
the center of t%e ocular circle or in a ventro-posterio-
lateral position. Where each of the three fhcefg converged to
the central area of the stemma, an.invagination resulted -
which gave the whole structure a puckered appearance. The
.¥ugosi£y present on ghe top of this stemma 1 diminished
"towards the sides and base of the stemma which was without
circular bumps. |

Stemma 2 had some evidence of tripartition, but the
divisions were neither as distinct nor pfonounced as those
founé'in stemma 1 (Pl. 5 & 6). The surface of stemma 2 was
slightly wrinkled and concave in the central part but the
periphery was smooth. It was weil raised above the surface
of the head. ' The -small slightly raised single facet of
(stéﬁﬁé‘Q\gas situated in such a manner that the widest
margin opposite the converging pointlwas directed Qentrally
towards the ocular circle (Pl. 5 & 6). The two larger
adjacent facets were positionéd so that the face of eacth‘

was directed to the dorsum of the head. WNear the base, of

stemma 2, a rounded lateral ridge encircled the basal area.

(
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Small”folds in the cuticle of the head were present where

the base of the stemma connected to‘the_head} These folds

are twisted in a clockwise direction.

| Stemma 3 was globular'witn a smooth surface and no

evidence of tripartiteness and larger than all other stemmata
(PL. 5 & 6). The basal area was marked by tiny clockWise
twisted folds. There.were no indications of facets on the
surface ot.stemma 4. Low bumps marked the slightiy flattened -
surface of this stemma and a swollen ridge of Luticle ehcir-
cled tne basal area. The small folds at the base extended

o on the sides of the stemma and were twisted in a clock-

' wise direction (Pl. 6). A

.;ateral to the base of the antennal insertion, was
stemdals. A ventral-¥ateral ridge in the cuticle marked
with small bumps, helped to separate this anteriorly
directed stemma from the othersa\ The surface of number 5
was smooth with a slightly raised Y-shaped ridge which was'
a designation of the tripartite fused crystalline body
beneath‘the cornea. The entire surface of number five was
'contex and dome=-shaped (Pl. 7).

Stemma 6 closeiy resembled stemma 2 in its surface
configuration. There 'was no distinct trlpartlte lelSlon;
although the\surface was rough centrally. The roughness of
the cuticular surface noted on the ridge from stemma 5,
extended posteriorly tolstemmafG.' These superficial

cuticular bumps became more efongated into wrinkles which

stopped at the base of stemmd 6 (Pl. 7).
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The bristles of the_head,in the ocular r&gion were
spa:se,-rounded, hordered,:drooved and protruded from a
raised socket. Usually there were six or seven bristles. in -

the’ lmmedlate ocular reglon. These structures ‘were located

ventral to stemma 1, dorsal to stemma 2, one or two dorsal

to stemma 3, one ventral to stemma numbers 4, 5 and 6
- | ‘

(Pl1. 5,6, 7 & 8). These bristles are curved or straight

and project teriorly as can be seen in Plates 7 & 8.

Euxoa messoria

The body- of these subterranean larvae‘was almost
halrless with only a few sparse brlstles. No conplete
description of the extérnal characteristics of Euxoa
messoria larvae has'yet been given, Exanination
of the cephalic area was carried out on ten last instat
larvae.

The dorso—ventrally flattened heads of E. messorla
were usually llght brown in color, wrinkled and shiny.
Completely smooth heads were commonplace. There were
patches ot black pigﬁents located near the stemmata and
mouthparts/beneath and in the cuticle, .
| The stemmatgéln E. messorla were flattened and appeared
as large convex dlSCS on the sides of the head near the
mouthparts (P1. 8). This flattened configuration was
observed in all instars, even the very young. Each stemma

was ringed with a rim of cuticle or depressed in the cuticle

which prov1ded‘a(ﬁ£thxn: demarcation of the visual structure

y/’\\

from the cephalic cuticular surface.
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Scannting eléctron micrographs’ (SEM), of

Diacrisia virginica mature larvae.

‘A.

Lateral view of the head showing the

placemen£ of the stemmata and ocular

T

bristles. - ' LY 100%

Stemmata 1, 2 aﬁa 3. 290x

Stemma 1 - no rugosity on facet T

one. ’ ) 710x"

facet division at

1l

7 1,400x
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Plate 6. SEM of Diacrisia .virginica mature larvae.
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Plate 7..
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. ' ! . 3 1} » 13 '
SEM of Diacrisia vVirginica mature larvae.

A. Stemma 5 and bristle 725x\\
B. Stemma 6 and bristle . .290x

C. ! Base bristle of stemma 5 1,400x%

D. Bristle of stemma detail 2,800x
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Stemma i had ansinaented Y—shéped gr;;ve whiéh was a
.manifestation of the trilobed crystalllne cone beneath the
cutlcular lens. The d;V151ons were present in such a manner
that a 51nq;e facét.was located ventrally Qith the remaining
two facets in a dorsal position{ thus yielding‘an inverted
‘Y-shape (Pl. 8 13 & 14). | |

The number ﬁ stemma-also exhibited the same configuration
of the facets as 1 stemma. (Pl. 8, 10 & 13).

UnLike the bthef species studied,'stemmé 3 was not larger )
or more convex thaﬁ the other stemméta. This stemma was
usually seen with a concave center whefe the ghree facets

converge (Pl. 8, 10 & 13). ®

LI 4 '
= Stemma 4 had dne side {near the bristle) flattened and

there were seldom external. demarcations of the internal
: . _ . &
crystalline cone. This stemma was located much closer' to

the antennal base than in the other species studied (Pl. 8, 11

& 14). : . ' !
The number 5 stemma and its adjacent bristle are
™ o'shown'in Plates 8 and 12. This stemma was in most cases well .

raised above the cuticle of the head and without a Y-shaped
grdee. 'It could also be seen in a more flattene&mform with
an underlaying V-shaped groo of the Erystalline cone
visib%e beneath. N |

- Stemma 6 (Pl. 8 & 12) was usually very £lat with

1ndentat10ns of the céphallc cuticle 51tuated around ‘the.

, raised rlm. A raised Y-shaped rldge was often present-

in some ﬂarvaE“only one or two arms of ‘the Y were visible
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forming a vV-shaped. groove or ridge. When the Y-shape was
hlghly visible, it was 1nverted'ﬁath the opened end of the

Y dlrected ventrally.

- ’
e

In all instances, the surface of the stemma in E.
were the same as that of the head, that is, w1thout\E/9
tions or other superf1c1al\cut1cular structures, but slightly

wrinkled.'

In E. messoria the stemmatal bristles (in the ocular
reglon) were located postero ventrall& to number 1, dorsal
t0 number 2, ventral to number 4 in the ocular circle, and
ventral to number 5 and 6 (Pl. 8, 9, 12, 13 & 14). h
smooth short round bristle was often found'at'stemma 1.
The bristle associgted with stefma 2 was rounded"and slightly
curved without noticeable scales or barbs.) The bristles -
of stemmata 4, 5 and 1 were smooth and rounded while number
3 and 6 were somewhat flattened and twisted clockw15e midway
along the length (Pl. 8, 9, 12 & 15). The cuticular socket
of the number 2 bristle was a Sllght ring which was not
ea51ly distinguishable from the cuticle of the head surface
of these larvae.. ... ; S

* None of the ocula; brlstles in thls spec1es extended

much beyond the surface of the head. All the ocular bristles,

vz .
even the short one, were hollow and contained a central

-

-melanized tract, None of the ocular bristle in this species

had'scale bafbs. Usually the ocular bristles appeared

to be doubly recessed in the cuticle (Pl.-8 & 12).

EEETY !

.
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Hyphantria cunea

Thirty heads of various larval instars of this épecies

N

were examined. The bodies of Hyphantria cunea larvae at all
stages were covered with lohg thin hairs with an underlayéfd
6f medium|and §hort hairs. The heads were shiny and’ virtually
hgirless. The c¢olors of the heads fanged from pale brown at’
the earlieét iﬁstar to:blaCk‘in the mature in@ividnals.'
The heads were fléttened dorso-ventrally and elongated.

- 'The cuticle of the mature larvae near the ocular region,
was marked with small cuticular A

!
the overall cephalic cuticle was relatively smooth.

bumps - (PL. 15,-17 & 18). while
~In th .éarly instafsk(ljBS{_the steﬁmatﬁ varied more

in ‘number, izé‘and.;ﬁape, than in all other species studied.

Stemmata i;/Z and -6 we;evthe most variable. -The types of

. variations were not consistent nor symmetricalg.sincé is some

iﬁdividuals, a. stemma and its accompanying bristle on one

side pf the head éoulg be entirely absent, while the other

side 6f the head woula be perfecﬁly normal, 'Instead of the

usual tripartite stemma, a bipartite ilongitudinally divided

_in two‘exfernal uni%;) could be £ unq in some immature

individuals (P1. 17).
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Plate 8; SEM of a Euxoé messoria mature larva
- A. Ventro-lateral view of one side of the
head showing £he position of all stemmata
and oculaf bristles. O;Glar bristle.dorsai
to stemma 2 is broken. 7 130x
B. A detailed view of the stemmata £from a N
‘iétéral view., .Noté ﬁlat disc .
- shapé of éll stemmaté-exgept 5. | 24dx
.-F-‘ C. Detail of stemma 1. Note slight ridges at
" base éndhbumpy surface. ' 610x
D. Stemma 1 and ocular bristlé. 280x%

-
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Plate .9. SEM of a Euxoa.messoria maturé larva

A. Stemma 1 bristle detail. Note flat
. : E . .
twisted shape. 1,200x
B. Detail of same bristl®, note

absence of grooves. 2,400x
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Clate l0.
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SEM of a Euxoa messoria mature larva

A.

Stemma 2 detail. Note slight Y-shaped

grooves in the center and ridge at lower

edge. , - 61l0x

ﬂstemmata 1, 2 & 3 with broken bristle

base above number .2. Note the slight

straight line in number 3. T 240x%
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Pq.ate 1l. SEM of a Euxoa messoria mature 1arva)
— * A. Stemma 3 : 610x
R B. Stémma 4 - 610x

- o

.






Pl#te 12. SEM of a Euxoa messoria mature larva
) A. Stemmé 5. No&e location and direction
of bristles and raised surface with
slightlv—shaped groove. Glbx‘
B. Stemma 6. Note flattened appearance

without raised ridge, but bumpy inva-

ginations around edges. 610x




- pdtd ¥ SR




Plate 13.

SEM

a.

of a .Fuxoa messoria mature larva

Stemma 1 with tripartite surface: note.

direction of ocular bristle which is

rounded and stout. 610x
Stemma 2 detail. Note smooth surface
with well developed ridge. This was

not fypical for this stemma. 610x

-
~ !
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Plate 14. SEM of a Euxoa messorié maturerlarvé

a.

Stemma 1 and twisted .bristle,
detail. _ 610x

Stemma 4. Note smooth surface

‘and irregular shape. 610x

v
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This type of bipartite division w#s also found in Isia
,isabella, especially in‘the eariywinstars, but not in any
‘of thefother,sbecies studied.

Stemma 1 in H. gﬁggg was raised and distinctly tripar-
tlte even in the early 1nstars. The ventral facet was always
much more rugose than- the two adjacent dorsal ‘ones, whlch
were relatlvely smooth (P1.-15, 16 & 18). Stemma 1, on
detalled|exam1nat10n of the surface, at the pomnt where the

three facé S 1ntersect, exhlblted a highly convoluted

structure Hlth small punctations.

Stemmal\2 of H. cunea, the‘tfipartite stemma in most
young larvae (1-3),'had a wrinklea and rough‘suréace (P1. 15
5 16). It was also different in the-matqre migrating or
"roaming" larva. Lérvae that had left the ebnfines of the

tent, stopped feeding and seeking-a pupation place. In the

came individuals, this stemma was deeply grooved and tripartite.

mature and mature roaming larvae, stemma 2 exhibited central
invagination where all three facets converge, with li%}le other
superficial demarcation (Pl. 16).

Stemma 3 was noticeably hemispherical. The cuticular
surface was always smooth, even'in the young instars (Pl. 15,
17, 18 & 20). -

Plates 15, 16 and 17.show the number 5 or antennal
stemma of a maturk roaming individual in which the ridging

and various configuration were absent. When the ridge was
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present it was ¥- sh?peg In young early instar larvae (1-3)

this stemma was devoid of superficial cuticular rldglng and .
a raised, pointed, dome-shaped structure was evident.

. Stemma 6 of mature roamlng individuals was unlike those
of the feedlng mature and. feeding 1ﬁm;ture larvae found within
the confines of «the tent. These wanderers had a well developed,
raised tfipartite stemma 6 (Pl. 16). For the larvae fpuna in |
the confines of the tent, stemma 6 was characterized by being
reduced, flattened.or entirely absent (P1. 15, 17 & 19).
Frequently, an occasional mature roamer could be found \\‘
without a sixtﬁ stemma. |

Plates 15 and 16 show a lateral view of the head of a

mature roaming larva. These ocular and other bristles of the

_ head, were equipped with barbs and projected from a well

raised socket. The bristles presented a characteristic
twisting and ridging. A besally broken bristle is shown

ih Pl. 16. Stemmata 1, 4, 5 and 6 each had a bristle in

their close vicinity (Pl. 15: 16 & 17). Each of these bristles
projected in a differen£ plane. Number 1 extended dorso-
laterally; 4 antero-laterally; 5 antero-ventrally:; 6 latero-
ventrally )Pl. 15 ﬁ 16).

I A malformation of the head in and below the ocular
region of some_caused the ventro-lateral part of the head to
be pointed. All these individuals were taken from one small
tent found on willow (Salix sp.) latein the fall. This deformity
(pl. 18) caused the normally anterior proﬁecting stemma 5 to- -

be directed antero-ventrally. Stemma 6 was absent ox projecting

[ EET R

s



g | | - 87 -

ventrally in these individuals. Position of the bristles was
consistent with those found in other individuals ‘without

this deformity.

¥
* Malacosoma americanum

A total df fifty individuals ranging from the first to
“the final or matute roaming larval stage were examined. Some |
larvae were obtained from tents in the fieid. They were
lab-reared on the host plant fer continuous use at various’
stages, or killed immediately in aléoholic.Bouin's solution.
Others were removed from newly eclosed egg masses, placed
on attificial diets .at various conditions of photoperiod and
temperature, then‘observed at various stages.

The heads and bodies of the larvae of M. americanum at
all stages were covered with hairs (P1l. 19). The
heads were dull black in color. The cuticular surface of
the heads im ell‘larval instars of this species was covered
with micro—tubercles (Byers and Hinks, 1973) (PlL. 19). - They
did not extend onto the surface of the stemmatal facets in
any of the larvae examined (Pl. 19 & 20). There were no holes

//ﬁ\\;brgggpre551ons visible at the tips of these structures.

Large patches of superficial head cuticle in larval instars

(1-3) of M. americanum were without micro-tubercles (Pl. 20,

22 & 24). This condition ot sparsity was evident in mature

or nearly mature larvae infected with & viral dlseaser4Pl 21).
? All vmsual units were prominent and well developed even

in ﬁﬁe earliest instars. The stemmata were grouped plose

together in a tight ocular circle, except number 5 which

. ¢
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SEM of a Hyphantria cunea fourth instar larva

A,

T C.

D.

E.

Stemmata 1-6 and placement of bristles on

the lateral parts of the head. 250x
Detail of stemma 2. - _ 969x
Detail of stemma 1. 969x

betail of stemma 3. 969x%

Detail of stemma 4;, 969x
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Plate l6.

A.

B.

C.

F.

_.9'0_

SEM-of a fourthainstar larva of Hyphantria cunea

Lateral. view of all stemma except no. 5 and

the placement ofhsome,of'the ocular bristles

~ fourth instar. 250x -

Stemma 1 detail : 969x
Detail of fourth instar stemma 1 2,400k

Detalil of stemma 5 and base of
bristles 2,400x
Detail of stemma 6 : 2,400x

Détail of stemma 2, 35 4 . ‘840x
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Plate 17. SEM of a third instar larva of Hyphantria cunea
| A. Stemma 2, third instar bipartite 990x
B. Stemma 3 ‘ . " ‘ 990x .
C. Stemma 2, 3, 4 and ocular bristle © 417x
D. Stemma 6 of same individual * ¢ 990%
' E. Bristle near stemma 5 . 2,000x-
F. Detail of stemma 5 and bristle - 1,912x%
§
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" Plate 18.

—t

SEM of Hyphantria cupnea larvae -
A. Detail of stemma no. 6 ) 969x
B. Detail of stemma no. 6 . 969x
Q. Head of mature larva with a

deformity in thefStemmatal area of

heaa 220x
D. Detail of the deformed area (arrows) 440x
E. Detail of no. 1 stemma of a normal

mature lafva 1,000x
F. Detail of no. % stemma of a no;@al

mature larva | i 10,600x .

o
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was far énterior, close to thé antennal insertion (Pl;.lQ
& 20). N o

‘Stemma 1 in all instars and under .all conditions of
photoperiod and temperature was distinctly triparti£e with
thé'pronounced dgmarcations:ofrthe three facets fPl. 19, 20,
21 & 22). The cuticie*of the head was continuous onto the
sides and surface of the facets and had micro—tuﬁercles.
~ The latter were reduced in height and appeared as small
Bumps in young individuals (instars 1-3). In the more
mature individuals, the microtubercles were almost as
prongunced as those on the head cuticle (Pl, 19 & 22}). 1In.
the larvae, close to pupation, and in viral—infestéd
individuals, there were pronounced folds along the base énd
sides of stemma 1 (Pl. 19 & 20). 1In the mature;roaming
larvae, a pronounced peripheral super§§cial rié%e demarcated
the fécets. The single facet of stemma 1 projected postero-
dorsaliy, away froh the center of the ocular circie. The
two édjacent facets were projecting in a ventral position,
one anteriorly, the other posteriorly. Stemma 1 in both
youné and old larvae was situated on the héad in such a
manner that it appeared to project at a 45° angle, The
single facet had more of its lateral surface exposed on the
ocular circle side (Pl. 20 & 22).

‘Stemma 2 projected towards the dorsum of the heaé with
fhe two adjacent facets oriented anteriorly and posteriorly

while the single facet projected towards the ocular circle.

The surface of this stemma in the early and late ‘instars
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was relatively smooth with some wrinkles preseﬁ;. This
ocellus_was'éléo inserted.on the side sf tﬁe head-at a 45°
angle, ‘The anguiar part of the first facet Was devoid of
papillae an?«relatively smooth. The-entige-sfructure.had év
rounded triangular shape. A wide-arméd Y-shape depréssion
was also present which divided the facets in young larvae.
In the older larvae there was no depression, but a Y—shéped
ridge (Pl. 19 & 20). > -

The number 3 stemma was seen in threé<jorms: one was

globular with a rimmed edge and sunken tripartite éentral
portion; the second was globular without a rim and no

‘ evidencé:of tripartiteness; the third was also glopular
with a folding rim, a raised Y—shaped ridge dividing the
stemma in three equal facets. This stemma was well raised

« above the head surface and the micro-tubercles did not
1

"
i

extend over ;he stemma (Pf. 20) .

The surface of stemma 4 in the young instars wé;e
without markings while in older instars a Y-shaped ridge
was present. The basal cuticular folds were coveEéd with
flat microtubercles that subsided over the surface of the
fécets. The ocular surface of stemma 4 was smoth and

exhibited no evidence of tripartiteness. In some individuals

[ ~

near pupati%n or at é late instar prior to ecdysis, this
stemma had a flattened éppearance, heavily basal folding
‘and an indented Y-shape depression (P1. 19, 20 & 22).

‘ The.%reatly separated number 5 or antennal stemma was

protrusive in all cases. In early instars the microtubercles
[ _‘/’ )
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of the pead'cuticle did not extend to the basal folds‘éf
this stemma. There was little evidence of the‘éripartite
condifion in these early -instars (i~3)h éxcept a slight
indentation at.:he edges of ‘the ocular face (Pl. 20 & 23).
Ihloiaer instars the Y—shaped ridge was well developed
and_raised.J In virus-infected individuais this®stemma was
buiging from the surface with-the rimming cuticle extending
over the ocular face. 1In older individuals the microtuberéles
of the head surface gquite often extended up the sides of this
stemma, but nét-onto the'fgcets (Pl.‘21).

Stemma 6 waé_always triparE}te, but in young individuals,
the divisions were not alwayé symmetrical. In older larvae |
a broad ridge éround-the outer margin of all facets was
, surrounded by flatéened microtubercles. Aall th}ee facets
in this sfemma were covered with flat,ﬁicrotubercles. A
single facet was directed dorsally while the two adjacent
facets projected ventrally. Facet one (the one at the top

of the ¥) was usually the smoothest in young instars and

the most corrugated in the older instars. The spatial pattern"

of bristles appear to have had no specific arrangement
according to si;e. All bristles seen on the heads were
ridged, scaly or covered with raised plates and situated
in a raised socket. There were a series of primary (large,
150-200u) secondary (medium, 70-140u) and tertiary (small,
25-50u) bristles intermingled in the ocular area. The
entire head was densely covered with hair. 1In the center

of the ocular area, there was always one large bristle.



[~

- 99 - “

Smaller second'gnd tertiary bristles could be seen néér the
periphery of the.stemhafa and. in al¥ cases they were always
taller thé%athe'§femmata. Secondary and tertiary”bristles
near stémmata 1 and 6 were ridged and barbed. All twisted

bristles, whether ridges or smooth, grew from the socket

in an ;ntiglockwiselspiralling manner (Pl. 24).

4fyrrharctia) Isia isabella

‘ Larvaerofzg.‘isabella weré covered with loné bristles
arranggé-in ringed tufté. The heads of these larvae were
usuéllnghiny. Sevgral-laboraé;ry reafed’énd field-

collected individuals had dull wrinkled heads (P1l. 27).

The color of the heads was either light brown (instars 1-4) :"

oxr black (ipstérs 5-10).

The arrangement of the stémmatahand the description

b

‘of each stemma was consistent with the findings of Dethier

(1942, 1943}, and Philog&ne (1975) (Pl. 25 & 28). Early
instars and dark reared individugls had variations from the
above stemmatal descriptidns.
In early instars (1-5), stemma 1 was often absent,
reduced or bipartite (Pl. 25). -‘Individuals reared in
total dark conditions usually had smaller stemmata.than
those reared under light conditions all other conditiong"
being equal. The surface of the stemmata in these dark-
;eafﬁd individuals were often wrinkled and flattened {Pl.iff).
The ocular bristlgs in I. isabella afe located vegtral'
to stemma 1, dorsal to number 2, vent;al to number 4, 5 and 6.

\ . .
These bristles were round, grooved and either straight or

'\
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Plate 19, .SEM

A.
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of Malacosoma americanum larvae

Inner surface of fourth instar cephzalic

exuvium 200x
Outer surface gf fourth instar cephalic
exuvium , 200x
Stemma 2 of the fourth instar at the
center of the merging point of the three
parts taken from the innerksurface
5,750x
Stemma 1 1,050x
Surface of head near stemmata 3 and 4
of fourth instar 6,000x
Detail of the cuticular surface of stemma

6 of 3 and 4 instar 6,000x
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Plate 20.
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SEM of Malacosoma ameéricanum third instar larvae

! .
‘A, Stemmata 1, 2, 3, 4 & 6 and placement of

bristles
(v’

240x

B, Sﬁemma 1 with details of irregularities of.

»

the single facet and area without papillae

C. Stemmata 3 and 4
#
D. Stemma 5

600x
600x

650x.

E. Papillae on cuticle of head surface in

ocular region

F. Détail of E.

6,000x

24,000%
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SEM of Malacosoma americanum larvae

‘Plate 21.

A. A lateral view of stemmata 1, 2, 3, 4 &

6 of a viral infested individual in the
penultimate instar. Note: mixture of
long, medium and short bristlés; the
"pop-eyed" appearance of the'stemmata;

deep folds in the cephalic cuticle 260%

B. Btemmata 2, 3 & 4 of the above. Note: -

rough cuticle 540x
Stemma 5 in viral-infested larva 1,500x

Stemma 3
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Plate 22.

o

. . v . ' .
SEM of a Malacosoma americanum mature or

migrating.larva

A. Stemma 1 ' ) 600x
B. Stemma. 4 - _ ' 600x—
. . P
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Plate 23. SEM of Malacosoma americanum third and fourth

instar Iarvae - , .

‘'A. Stemma 6 of third instar 1,300x
B. Steﬁﬁa 6 of fourth instar 1,200x
o -
i "\
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Plate 24.
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SEM of Malacosoma americanum third instar

larvae

-3

A. Base of ocular bristle near stemma 3

2,400x

B. ‘Stemma 5 and some associated bristles

500x
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curved. Barbs are present along the shaft of the bristles.,
Each bristle arises from a ridged socket and is set in an

articulating membrane.

Thymelicus lineola

Four mature feeding larvae of the European skipper,
T. lineola were collected in the fiéid and used in this part
of. the studyﬂ

The heéd of ;pis lax%?'can be withdrawﬁ under a heavily,
sclerotized, spiny, pronotél shield when the insect is
éisturbed.' The stemmata are viéible whep this behavior
ogcufs. The body was~spafsely covered with short straight
hairs. The head was heavily sclerotized, dark brown-black,
relatively hdirless, except in the ocular region, frons and

vertex, The cephalic cuticle was creased near the stemmata

"
.-

' \ :
The six stemmata are located antero-laterally on the

(P1. 28).

head in a tight circle. They are flattened and delinéated
by a very pronounced ridge. Nong of the stemmata had any
visible external surface tripartition {(Pl. 28). Stemma 1
was sunken into the head cgticle and had a rough flattened
surface. The surrounding ridge extended above.the cuticular
surface, but the stemma was sunken (Pl. 28B-& 29).

Number 2 and 3 stemmata wefé similar in size. Stemma 2
was centrally concave, while the central'part of number 3
was*convex (P1. 29 & 30). Stemma 3 had a superficial groove

which divided the structure into two parts.

LY
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Pronounced‘folding was evident around stemma 4. This

stemma was also smaller than number 2 and 3. The distancey

<
between' stemma 3 and 4 was greater than the distance between
number 3, and 2. The area of the cuticle betwéen 4 and 3 st
interrupted with numerous deep cuticular folds.

Stemma 5 in this species, was the only ocellﬁs well
raisgd above thé heéd surface. This stemma was rimmed and
ceétrally sunken (Pl. 28). The space between number 5 and
the two neighboring stemma?a had folds and wrinkles and short
bristles.

A low ridge'aﬁd a peaked center distinguished the
pod?fg‘discernible stemma 6 in T. lineola, from the other
stemmata. ﬁo grooves were present on thé surface, but there
were bumps (Pl. 28 & 32). In sahe individuals, stemma 6
was so recessed into the cﬁticle that it was barely visible.

Eigh£ to ten shoft stout bristles were present in the
ocular region of T. lineola. Two of these (number.l and 5)
were much shorterf There were two medium length bristlgs
protruding from a raised socket, postero-dorsal to stemﬁ; 1.
All bristles projected anteriorly and laid close to the

surface of the head. Barbs and grooves were present along

the length of the medium length bfistle.
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SEM of Isia isabella larvae.

A,

B.

c.

D.

Third instar larval head éxuvium
Fourth instar larval head exﬁvium
Fifth instar larval head
Stemma 3 of last instar

Stemma 2 of third instar

-240x
-240x
- =240x
-270x

-9,600x
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- Plate 26. SEM of én Isia isabella mature larva

i

A. Stemmata 1 and 2 of dark—reared'maturé
larva; note the wrinkled cephalic
cuticle .. 270x

B, Lateral view of head with stemmata and
bristles of the wrinkled cephalic

cuticle ) 140x

. [P L
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A
3

SEM of Thymelicus lineocla mature larvae

A, Lateral view of stemmata 135x

B. Stemmata 1l-6 and position of

bristles ‘ 270x
C. Stemma 5, 4, 3 and bristles - - 270x
D. Detail of stemma 5 - 550x

E. Lateral view of all stemmata 250x



4

119

..
.




oot

'Elate 28.-

A.

 f; B

W

. C.
° D
. -
*
.
~
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c
4
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o
B
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Stemma

Stemma

Stemma

Stemma
L4

-1

5. .
. )

3

4

SEM of a Thymelicus‘lineola mature

larvae
1,450x
1,450x

1,450x

- 1,300x
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Plate 29,
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SEM of Thymelicus lineola mature larvae

A.

.B.

Stemma 3

Stemma 4

Stemma 2

Stemma 6

1,300x

2,500x

“‘1,300x

1,300x

&
~r
e
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General characteristics of all stemmata {
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e T, INTERNAL STRUCTURE OF THE STEMMATA

>

\

. . N
A single large convex cuticular lens covered the

cryséalline lens or body underlying sensory and shielding

cells in the stemmata of all larvae examined (Figs. 4, 5 & 7).

This lens was identical to the surrounding cephalic cuticle

-~

with two exceptions: a) no pigment and b) a much thicker N

25p.at the center) endocuticular layer with a distincﬁive
staining property. The base of Ehe corneal.lens which lay
directly above the crystalline body wqé flaﬁﬁened or
sligthly concave. The angle at which the lens projected
from the head determined the plane in which the sensory
elemengé beneath were laid (Pl. 31).

Dﬁring molting, this le?s was subjected to the same
ﬁype of morphogenesis, and . hormonally controlled breakdown
as the other cuticular structures. It was ecdysed with all
cuticular structures. The sensory cells were nof shed. The
timing sequence was‘approximately two_hours in advande of
the other cuticular structures invoived.in this moulting
process. Consequently, the lens was scierotized and hardened
earlier. than the remaining hgad cuticle. This early '
stabilization caused the sensory structures of the photo-
receptofs ?o be:completed before the other sensory structures
(bristles)@ﬁad_become comﬁietely established. Superficial
structures such as corneal ﬁicrotubercles’Were sclerotized

before their cephalic counterparts.
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Most epidermal cells in the immediate region of the
stemmata Had a long tapéred prq;ess with terminal fibrous
extensions that suspended the sensory eleﬁents of the |
stemmata within the head capsule.. Other epidermal cells iﬂ'
this fegion were cuboidal or tall cdiuﬁnar:(during épolysié)
r.withdd; a terminal process. These long tapered processes
lﬁgre attgchédfto the connective éﬁeath of the corneagen or
maritle cells' (P1. 33 & 34). |

Many smalif glandular,-highiyfsﬁaining redfpurplg
(with Mallory's Stéin) stfucﬁu:eé were found in the'vicinity”
of the stemmatal mass, but these were‘absent elSeﬁhere‘iq
the headAcapéuie.

Three large flanking corneagen cells aided in the
sgcretion af the cryétalliné cone and provided an array of
small shielding pigment gra?u;es.-QThese cells had very
large C—ghaped or ovoid nucléi which were positioned in the
central ﬁoftion of the granular cytopla%m énd were modified
epidermal cells, They surrounded the three centrally fused
'crystalline bodies. These cells were also reséonsible for
the secretion of a fluid which is periding-a.bathing medium
for the crystalline body (Figs. 4, 5 & 7).

+ The crystaliine cone always sﬁained yellow. 'This
~ crystalline body was formed of three spheres fused centrally
in a Y~-shape configuration (PL. 32 &’36). |

The retinal’cells were pigmeqt—gontaining and were
arranged beneath ‘the crystalline cone with their nuclei

located "at various levels along the tract. In those species
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i

A

with external tripartite stemmata, there were four proximal

b, ' . .
and three distd& retinal cells (Pl. 35 & 36, Figs. 4 & 5).

.Where a superficial unitary type‘stemma was present, there

were three proximal-and‘fdur distal retinal cells (Pl. 36).
The retinal cells had primary (dark-black browndh ™

pigments positi8néd'directly beneath the crystalline cone

.in a dense mass which thinned peripheraliy (Figs. 4 & 5).

Smaller secondary (purple~ligh£ brown) pigment granules
occupied most of the cytoblasm in these-cells. All retinél
cells were roughly teardrop-shaped. with the términal _
elements, becoming ﬁodified to thin tubes wrapped in alglial
sheath (Fig. 4). The contributions frqm-both the proximal
and distal retinal cellsIWere-separated'by a layer of fibres
as they descended into the head capsule. The stemmatal
éOnnectives were formed from the fused retinal cell ‘mass
connecting theustemmata at the calyx (Pl. 1, 3,.35 & 34;
Figs. 2 & 3). In order”to accamodate the didptric apparatus
bf the stemmata, the retinal elements were bent at various
angles;‘pigment granules wefe densest on the side closest

to the. surface of the head (Pl. 3 &'4). This positioning
was most pronounced in the early instars of all species.

In the older inétars, the bending was more'acuté, thus‘
allowing a greater part of the sensory elements to lie

directly beneath the crystalline cone. The pigment was

more concentrated at two places beneath the cone: 1) at the

beginning of the proximal and 2} at the begiﬁning of the

distal cell groups (Figs. 4 & 5; P1l., 4). .
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- - . . i
- Where the retinal cells meet, a central rhabdom was

formed, ceﬁposed of tﬁé rhabdomeres from each celi. This
. . .. structure was opened (opposing-sides of the cel;s not
| having central coqtact, leaving a space) or closed (opposing
sides of the cells touching, leaving ne space) (Pl. 32 & 33
and Fig. 5). In cross sections the presence .0f this structure
was 1nd1cated by the location of the prlmary plgment granules
which bordered the central lateral area of the retinal cells
(Fig. 5 and Pl. 31, 32, 33, 35 & 36). Thé pigment of the
- ' prlmary type would be densest near the edges 0of the rhabdom
~as it continued down the center of the cell. This arrangement
Was more common in‘the mature larvae than in the young
individual. Those insects reered in darkness had weak
primary granules and the rhabdomeric strﬁcture_weeﬂhighly
o i T
irregular and'unorgaﬁized.

At each larvel molt all‘elemen€£‘of ectodermal origin
such as'phe crystalline cone, éone-forming cells, corneaJr
genous cells and mantle cells were shed with the exoskeleton.

: The sensory elements were withdrawn into the head capsule
and condeneed. At this time, cellular growth was more
important and possibly rhabdomeric restructuring was
occurringf \

| In those species with seven retinal cells the stemmatal
nerve was made up of 42 separate axons. Those with eight -
retinal group remained consistent throughout the larval
:life.
Pigment granules of the primary type and the small

oy

secondary type were often present in the optic center in
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the.eafly instars. Older lnstars would have dense masses
of plgments in thlS area spaced systematlcally in 2 C—shaped
Structure. L |

Organisms reared in the dark hed smaller‘stemmata and
poorly defined, elongated retinal celle. The cephalic cuticle
was extremely wrinkled ‘ The spe01es under different photo—

i perlods and.temperatures had no»v151ble differences from
| the wild type.

During the molting period, the larvae had a chafacte;v
‘istic behavior of anchoring themselves to the walls of the
\container for severai hours and remaining quiet throtheﬁt
.this time. Onee molting was completed the lar?ae Qoeld
rest then seek"food and remain at the food source for
several hours. -

The proportional increase in size of stemmata from
the early to the late instars relative to body dimensions was
not noticeably different. rThelorientation of. the euticular .
lens and the head capsule always remained the same.

In the early instars,.the staining quality of the
euspensory epidermal cells was different froﬁ that Df.the
older instars. They tended to be more red and gfanulaf and
to have more numerous red granules in the calyx. The
younger instars always contained more inclusions.elements
than the' older instars, even though the suspensory
epidermai cells were considerably smaller.

A series of‘connecﬁive tissue fibres divided the stemmatal

elements from the remainder of the cephalic structures.

.
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This feature was more prominent in the younger: instars than

* .
'

in the more mature forms. The antennal nerve ran parallel to
thé’stemma 5 cohnectivé up to the calyx at which point this
large nervé‘diverged at a 90° angie and continued to the
brain. No tracheal elements were visible in thié area near
the stemma 5 connective.

Many of the écular bristles had their basai elements
in the close vicinity o©of the stemmatal connectives,. but-
no direct connections were found. Connectiops with the
médian énd lateral ngurosecretory.cells oF the brain were '
inveétigated'but none were found evéhﬁtgpugh staining of the
neurosec;etor; elementsf and fétinal ceils wefé similar, 1In
the optic anlagens of the larval b;ain, cells with.granules
staining the samé color as the rgtinal'cells'of‘stemhaté 1,

2 and 6 were found. It could not be determined if there

N v

was an optic cross awer of the two stemmatal unids from

each side of the head in the nerve mass of the‘brain.

Variations in Species

'a) Hyphantria cunea

In H. cunea theAfour proximal retinal cells were

" globular and came to an acute tapered énd with the ovoid
nﬁclei located in the proximity of the cells. The large e
denée pigmented/araﬁules of these -cells Were.situated ‘
slightly 1ateral;y, underneath éﬁd touching the crystalline -
cone. The.secoudary pigmenf'cellszfiiled the remainder of

the intercellular gpace (Fig. 5). The cone-formingcells
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_'were not visible even with conventional stains' All four,
proximal cells did not touch thus forhing‘an open rhabdem
in the tripartite stemma.  The three distal retinal cells had
the same configuration except there was no concentration of
primary pigment granules proximally., In both instances the
muclei were equipped with a dark staining nucleolus. The
pigment granules_were arranged in packets sqparated from
‘each other by whorls. In the distal retinal cells the
primary_%igment granules formed strands‘which begah at ﬁhe
. . a
open area of the three cells and extended‘towards the edges.
This stranding was more pronounced in both the proximal and
distal retinal cells in-the young instars.
THe corneagen cells had long tapereé nuclei wiFhﬂiark
.reﬁ*pihk staining granules when stained with HPO. These
cells eventually merged with the loose connective tissue
sheath which separated the mantle cells and the nervous

sheath. . There was a space filled with interstitial fluid

between the epfstalline body and corneagen cells (Fig. 5).

b) Euxoa messoria and E. rockburnei

E..messoria and E. rockburnei both had the pigment
qg\gules arranged in packets separated by whorls (Pl. 31 &
\§2T. Large plnk—orange granules were found in the mantle-
and corneagenous cells. These granules were laid on the
side of the'Head exposed directly to'light.. Deeper in the
stemmata the pigmenés were_meie‘concéntrated centrally.
The mantle cells were accompanied by large loose ovoid

structures which were strung along the nerve sheath. &
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young instars of both speoies the rhabdom was irregular and
eitherkopened or closed depending upon the distance from
the crystaliine cone.,

Only the Euxoa species were without. pigment:granules in
the stemmatal nerve. These species also had an auxilliary-'
stemma nhicn had small fibers connecting it ro the calyx
of the main group of,stemmata. Sometimes several such
structnres were present in the seme"specimens. " There were‘
no ‘distinction in the retlnal ceIl}arrangement.between
stemmata 1, 2 and 6 as found in the other species with a
distincn superficial tripartite structure. Dethier (1942) :
had mentioned in his study of the e&eS'of I. isabella larvae

the presence of degenerated nuclei of transparent lens

forming cells, These were not found in all the species

o examlned by photonic and phase mlcroscopy,*except in Euxoa.

) There were fouraproxlmal and four dlstal'retlnal cells in

these two species.

~Large vacuoles in the cytoplasm of retinal cells were

- ‘present whioh became larger in size as the animal matured.

The nuclel of these retinal cells contained dark stalnlng
- b

clumpy chromatln material and a large nucleolus. The

vacuoles were fringed with bands of pigment (Pl. 31 & 34).

The divisions between each stemma were d%stinct. The nuclei

of the corneagenous cells were always on the side

_closest to the cuticle. Thé rhabdoms were stellate- There

' .were three large proximal cells and a small one. The latter

had a concentration of pigments at the base of its rhagdom.

—Z

e




- 132 -

-

Some of ﬁﬁe péripheral epidérmal cells had very laqgé
nucle£ which almost coTpletely océupigd the upper'end of
the cytoplasm. These_epidermél cells were further chéracter;
ized by a dark tapérea suspensory terminal procésé‘which_mefged
with the enveloping membrane and mantle cells. In these ~
two species,ra wide space'existed‘between the central retinal °
cells and the corneagenbus cells. This condition was present
maiply wh§re the'rhabdom was closed or nearly so (Pl, 31 g 34).
Ag,the axons of the retinal cells extended into the
head to form thérétemmatal nerve, the actual bundles we;e
) difficult to'distinguish by conventional means. A cross-
sectioﬁ,at this levei\revealed a spherical aporp?oﬁs mass
for each stemma. Each visual unit retained its identity by
the ceil membraries and enveloping membrane. The central
area. tended to be'clumpy with open spaces whereas, the
periphéry was dark with sporadic lumps.‘EThe corneagenous
cells absorbed more of.the dark stains than the enclosed.’
retinal cells (Pl. 31 & 34). At the base of the elongatéd
célls there were tiny tracheoles between each stemmatal
bundle. Not all epidermal cells in the vicinity of the
stemmata of thesé two species were eiongated. S%ﬁe were
of the typical cuboidal type with daik staining ﬁuclei and
profuse intracellular space. Dense aggregationé of pigment

éranules in the periphery of the corneagen cells were

prevalent (Pl. 31). In some specimens an opened rhabdom

v

was present. When the stemmata merged a clear demarcation

be£ween the two units was evident.(El. 31 & 38).
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Dlrectly beneath. the crystalllne cone,'an open rhabdom o

A

. was present for a short dlstance untll the unlt turned

| The rhabdom was then,closed and reopened after the unlt had

e -

become stralght._ The lntercellular fluid was abundant 1n,'

above and around the stemmatal bodles

g) Thymelicus'lineola

I : #r

in young lnstars sectloned before emergence from the egg,“

a close rhabdomerlc\structure exlsted The prlmary plgments
were arranged 1n a central c1rc1e. There were no vacuoles

in: the retlnal cell cytoplasm and the proxlmal retlnal cells

touched directly onto the crystall;ne body._

. T LR .. . .
T - . .. - v

d) Isia'isabella”';f T

- In the moltlng 1nd1v1duals the corneagen cells were
. e T
large and ov01d ' These cells teemed w1th dark stalnlng

granules through thelr matrlx.e The two cone forming cells

were readlly seen at thlS tlme upon stalnlng w1th the methylm;

P}

ene blue or Azure II. - The crystalllne bodles had a dark

‘corona, a-faint center., The epldermal cells near the

L )

;stemmata had not taken on, the characterlstlc elongated
tapered appearance at thls time. |

In the unltary stemmata of the older or dlapauSLng
larvae the rhabdom-#as opened near the crystalllne cone
and then closed, formlng an X mldway, ‘and a Y at- the
<term1nal tapered part. lThe reverse was:true of the
trlpartlte stemma (Pl 33 & 34);- A small retinal cell was

v : .
present with the large cells. The primary pigments in the. -

h
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.Wgroué'of‘four cells formed a sguarey They formed'a circle-

s

' l:of the vacuo

-in jgree retlnal cells..r A dlstinct 1ntercellular fluid was

present between the corneagen and the retlnal cells.

The cytoplasm of the retlnal cells in these older 1nstars

contalned small vacuoles and §g’il pigment granules. Most

(S were located at the perlphery of the retlnal

cells. The_e_vacuolesywere-more common;an the prox1malf

‘retinal cells than in the distal cells. The ‘corpeagen cells_

of "the tripartite stemmata contained large straﬁds ofqdarkl

staining material /

-

Some prlmary plgment granules were found in the extra—'h

cellular spaces between the corneagen and retlnal cells.

- Y o

) The granules formed a column around the-rhabdoms throughout

‘the stémma (P1l. 4, 34"and 35; Figs. 4 & 5). Secondary

granules were restricted to the cytoplasm‘of-retﬂnal‘cells:

. The hlghest concentratlon of plgment granules was found

in those stemmata w1th an X-shaped rhabdam between ‘the arms
-

of the X. The unitary stemmata. had two'opposite pronimal -

retinal Fells siﬁilar=iﬁ.shape. ;The?cytoplasm.of one was’

'granular and the other vacuolated The cytoplasm of the

.crystalline cone, the primary pigment granules were found

-

’tlnal cells surroundn.ng the c:.rcular plgment granules had -

peripheral vacuoles (Pl. 34 & 35). Just beneath  the

only‘in.the centrai;area of the four cellf;///“

In stemma 5, the retinal cell'closest to the su;facez

-of the‘aead contained secondary plgment granules in one-

terminal process. ﬂm&exﬁm a small seventh ret1nal cell in’

-all larvae except in dark reared 1nd1v1duals. "The latter
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. did not_have‘pigments in the retinal cells of the fifth

e): Malacosoma américanum. : ‘ ‘(;h)

Tall columnar epidermal cells were present )

.'near the stemmata and away frém it, but low cuboidal cells

were not uncommon. In stemmata 1l and 6 (Pl 36) two dense

. masses of black plgments were located dlrectly below and

touchlng the perlphery of the two spheres of the crystalline

_ body. There was no such structure beneath the third sphere.

Dense C—shaped pigment patches were arranged alongside the.
crystalllne body but did not touch the dense masses beneath
(P1. 36). The other 'stemmata were 51m11ar to those

descrlbed previously for other species (Fig. é). The retinal
cells contained a wide~intercellular space:surrounding the
primary retinal cell and X-shaped rhabdom, thus separating

them from the corneagen cells (Fig. 6).

f) Ctenucha virginica

The crystalline cone of this species was much smaller

‘than the corneal lens. The epidermal cells in the region-

of the stemmata were not tapered, but there ‘were'tall

columnar cells w1th truncate basal area formlng a-straight

v

The sparse secondary pigments were confined to the

‘proximal end near the central portion of .the retinal'cells,

-

%
The rhabdom was closed most of its length but opened just -

- beneath the cone.
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The corneagen cells had small purple stalnlng granules
dlstr;buted unlformly in the cytoplasm, Ip these cells
pink-red stalnlng clumps of materlal were situated near the
nuclei. The crystalllne cone was granular and dark stalnlng
centrally., The crystalllne lens secretlng cells were
granular. Pigments in the distal retinal cells were pale
and further from the rhabdom than those in the proximal
retlnal cells. ‘ ) . @

At the base of the crystalline body of stemma 1, a
nipple—like structure was present. Dark pigments,were.

. X
aggregated beneath this nipple (Fig. 7).




Fig. 4.
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Diagram of longitudinal and cross sections taken
at different levels-aloﬁg a typiéal stemma found

in all specieS'sﬁudied except those with four

distal and four proximal retinal cells. (See list

1

for abbreviations. Not.drawn to scale}.

A
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Fig. 5.

) ' , - 13% -

Drawing of longitudinal section through a

typical unitary stemma found in Hyphantria

cunea mature larvae. (See list of abbrevia-
) - \ ¥

tions. Not drawn to scale).

NG
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Fig. 6." Drawing of a cross sectfbnal'area of a tripartite

stemma found in Malacosoma américanum larvae.

(See list of abbreviations. 'Not drawn to scale).

-

Fig. 7. A representative drawing of a longitudihal-section'
of a unitary stemma in D. virginica matuﬁgﬁ\
larva. (See list of abbreviations. Not drawn to

. scéle).

Lt

&
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Plate 30.
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Euxoa messoria fourth instar larbae treated with
Mallory's Trichome and photogfaphed under phgse-
contrast. : | o 400x
A. A section through the corneal leng, crystal-
line coné-ana distai téﬁinal cells of stemma
3 showing the spat}a; arrangement of the
units. The section also encompasses the

denyse pigment mass of stemma 4 near the junc-

ti the proximal and distal retinula and

the well dgveloéed rhabdoms. IStemma 2 has
been cut agathe upper distal retinula iQ\such
a manner théfasparse pigments can be seen:

B. A section through stemmata 4, 3,2 all
exhibiting a well developed rhabdom and
stemmatal asQQCiation with ather ocular
components. EE

C. A section through stemma 2 showing the well

develcped rhabdom, large nuclei. of the cornea-

‘
i

gen cells and a gfoup of tracheoles.. (See

list of abbreviatibns).
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Plate 31.
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Euxoa rockburnei - Longitudinal and. cross

sec¢tions of the stemmata of Euxoa rockburnei

stained with Mallory's Trichrome and photographed

under phase contrast. - o : N 400x

A. Position of the opened rhabdom directly

beneath crystalline cone in proximal retinal
cells.

B. Three adjacent stemmata with rhabdoms
arranged differently at the same level.

Secondary pigment is arranged in whorls.,
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‘Plate 32. Photomicrographs of Isia isabella eaYtly instarx

lérv§e‘stainéd»with Mallory's Trichrome.,  100x

A,

‘posterior -part of the head is. noted by the
o . .

A lateral view of a section of the enti
head at the stemmatal calyx showing severa

stemmata, axons and the stemmatal nerve. Th

1

presenge of the striated muscle bands.,
Detailp of the above. ‘ ; ‘ '1,000x

(See list of abbreviations).
L%
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‘mature.larvae.

Plate 33.
A.'
,' 'B-
C.
- V’\
) Q.

'showing-primary ﬁigments

.~ 149 -

“+

. a

Photomicrographs of stemma' 1 of I. isabella :

Ly

Cross secpion'of‘stemma 1 in éroximai
retinal area éeneath crjstalline cone
.groupéa-around
semi-organized rhabdom. Near the mérgins
"palisade" like vaquoleé and’écattered
pigments are seen in the cytoplasm of the
four.cells.\ The dark area beneath is the
mantle or corneagen cell with pigments.

400x. Azure iI. ‘ ’

Stemma 1 cross section‘beneath crystalline
cone showing primary pigmentslarrangedlaround
the ppened un;rganized‘rhabdom.

600x. Agure II.

Stemma 1 cross section towards the terminus
of the proximal retinula showing the rhabdom
organizétion. . o

600x. Azure I¥.

.“\;1_

#’;._
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'Plate 34. _Photomicragraphs of cross section of the stemmata

in a mature Isia isabella larva showing:

A,

Stemmqfﬁ%at the junctich of the proxima}kaﬁa'
distal retinal c¢&lls. The primary pigment
forms a circle afound thé‘rhabdom which is not
orgén'zed at this level. Plagfic %mbédded
sectfons stained with Azure II. 600x
St & 3 showing the four retinal cells and

a well formed fhabdom. Plasfic embedded
sections stained with‘Azuré II. 600x
A better organized rhabdom with mor? intense
pigments are shown in_ this seé%ion éf the
disté} retinula ayea of the stemma 1. Plastic

embedded sections stained with Azure II.' 600x

The rhabdom in the distal part of the stemma 3

- with few primary pigment granules and pooriy

/4'

organized r%?bdom is seen in this section.

A plastic embedded section stained wifh Azure
I1. S R ‘ 600x
Cross section of the crystalline cone,

nucleus of the corneagen cells, striations

"in the corneal lens, epicuticle (dark staining)

endocuticle (light staining) and one small
tracheole are seen in this Mallory's Trichrome
treated preparation. 600X

(See list of abbreviations).
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Plate 35."' Stemmata of'Malacosoma’americanum last instar
larva stajined with Mallory's'Tricﬁrome and
~ photographed under phase contrast_lighfing.

A. Longituainal section of stemma 6 showing an
dpen rhabdom,lcr¥stalline cone (two halves)’
proximal and d%stal retinal cells are visible
as well as elongated epithelial cells. Large
;uclei of corneagen cells and nuclei of a.
distal retinal ceil are also visible. 400x

B. . Detail of the sEemmatal calyx shoﬁing axons,
nuclei of mantle cells, clumped myelin sheath

and profuse pigment grénules. 1,000x

(See list of abbreviations).

)
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ULTRASTRUCTURE OF THE STEMMATA IN‘ISiA ISABELLA

-~

-

A ]

Corneal Lens

AN The cuticle of the corneal lens had the same basic
‘étggpture as tgé rest of the cephalic cuticle. The corneal

- léns of the stemmata of mature intermolt larvae had the layered
appearande as éescribed by Youssef and Gardner (1975) found

in the opaque eye of Drosophila. This cuticle was distin-

’)ghished'from the normal type by the absence of the lémellar
construction consisting of helicoidally arranged micréfibrilsl
(PL. 37 & 38). There were no distinct parabolic patterning
in the corneal lens. The microfibrils of this cuticle were
parallel through the thickness of the lens. 1In cross-section,
a spiralling appearance was*appaéznt. Spaces were present
between the.layers (P. 37). The ceéﬂalic cuticle in the
vicinity of the'stemmata was lamellated withlhelicoidally'
arfgnged-ﬁicrofibrils (P1. 38 & 39).

The epicuticular-layér of the corneal léns in the molting
larvae had small electron aense spheres. The cephalic cuticle
had no such spheres (Pl. é}a 38 & 39). ’

La;vae reared under total dark conditions had more
inter—lamellar‘spaces and loose fibrils. There wefe no-differ-
entiatiaﬂ between epicuticle anduendocuticle in the dark
reared larvae. The eléctron dense ecdysial droplets were
absént in these larvae, but electron opague spots were

" present. .

There was an abundance of irregularly opaque pore

~canals in the cuticle of the corneal lens. These were not
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. as numerous as in the surrounding cephalic cuticle. The

dark reared larvae had irregular and erratic pore canals

(p1. 37).

Supporting Epidermal Cells

The epldermal cells beneath the. cuticle ‘of the head
had sparse electron dense cytoplasmic inclusions. Epldermal
cells adjacent to and touéhing on the Etemmata/subcuticular
structures were el&ﬁgated and tapered towards the basqment
membrane. ‘Ehe cytoplasm of these cells contained many‘
cisternae of rough-surfaced endoplasmic reticulum, small
lipid droplets, free ribosoées and ovoid mitochondria .
(P1. 40-42),

The nucleil of these epldermal cells were elongated
with clumped chromatln material and nucleoli having a
distal black body.

Along the plasma membranes o% epidermal cells, areas

of cellular communications were present in the.form of fuzzy

junctlons. The latter were less obvious in those cells

closest to the stemmata. Microtubules and microbodigs were

present in all epidermal cells, but they were more NUMErous
in those‘adj;cent to the steﬁmatal elements. -
During the molting process, the Cytoplasm of the
epidermal cells became filled with cytoplasmic inclusions -
such -as large lipid droplets, profuse rough-surfaced
endoplasmic retlculum, free rlbosomes, glycogen deposits,’
isolation bodies (cytolysomes), and many various sized w7

fibers (Pl. 42}. Cytéiysomes and electron dense double



- 157 -
,
Plate 36. Electron micrographé of the cuticle in molting

Isia -isabella.

A.

-t

A cross section of -the cuticle ?f stemma 3
N

showing fibrils (f) in pore canals (pc) and
arréngement §f the lamellations {arrows) in
the endocuticle (En) and exocﬁficle (Ex) .
Small electroﬁ,dense podies {small arrows)
in the exocuticle are ecdysial droplets
associated with the breakdown of the cuticiel
during molting. Layéring is less evidentl
near the exocuticle and loosely laid near
the base of the endocuticle (asterisks)
36,165x
Endocuticle of stemma 3 in a dark-reared
ini}vidual shows irregqular layers, .spaces

between the lamella {asterisks) and wide pore

canals (pc). - - 36.165x
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Plate 37. Eiectron~miqrograph of the cephalic cuticle of
| a molting larva of I. isabella near the stemmata
prior to ecdysis, the ecdysial droplets.(ed) are
arranged in rows beneath the subcuticle (Sc).
Layer have started to breakdownlyet, pore |
canals (pc) with central fibrilé-aré'pr%sent,
ﬁQiping £luid (Mf) can be seen as é graﬁulaf
substance in_tpé space betﬁeen_the endocuticqlar

(En) layers. ' - 42,227x
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Plate 38. ‘Ehaﬁzonnﬁcnxnaph 'qf n intermolt larva_qﬁ'g.
b L . : 1 Lo
: isabella. This section is m_the cephalic
- . . , ’

/fcuticle near the stemmatal -region. TTpe'open

.Spaces’ are pore canals ‘(pc) with fihrils (££).

. .

Notéiﬁhé-cioséneséupf the lamellations in the

‘

) exocﬁticularr(ex) area while those in the endo-

éuﬁ%sglar_(éni area are wide-spread. The
arrows'indicate the heiicoidally arranged

-microfibrils seen near the subcuticle. 36,195x
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Plate 39.
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" A portion of the cytoplasm and a lobed ‘hucleus

of the elongated epidermal cells found in the
vicinity and adjacent to the stemmata in‘a mature
lntermolt larva is shown in this electronmicro-
graph. ‘The double stranded nuclear memg\ﬁn

fNM) is lined with ribosomes and near “the lobed. .
nucleus rough endoplasmic reticulum (RER) is :
aﬂigneé. Rosette endoplasmic reticulum (arrowéj/ﬁ-/
and free ribosomes are found in these cells,
Mitochondria (M) with extended cisternae

seen cut at various planes are prevalent in this -,

section. - - . 24,227x
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Electron micrograph of the ﬁucleus in elongated
epithelial cell in the vicinity of the stemmata
of a mature intermolt larva of I. isabella.

The rough erdoplasmic reticulum (RER) near the
[

nuclear membrane (nm) is prevalent in the
. ’

-~ “
proximal area. There is little intercellular

space between |the epithelial cells and the plasma_
membrane is visible in places. 1In the nucleus
(ﬁ), the electron dense chromathmn@éerial (C)
and the nucleolus (nl) with a distal black body
(bb} is present. Mogt of'the mitochéndria (M)
are aligned with the long axis of the cells.

| &‘L - -

‘40,640x
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Electron micrographs Of the epithelial cells in’

f“ a molting larva.of I. isabella.
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A. UA'port%on of the nuéiéué of an epitheliai
cell showing the double stranded nuclear
membrane (arrows) with ribosomes forming a. -
?dense corona with the: elongate mitochondria
(M). The cﬁromatin material.(CY iélvéry
electron dense at.this.sﬁégeHand easily

differentiated}frgm the less-electron dense
48,260x

'tnucleﬁép
B/ Part.of the cytoplasm in the séme larva
showing éeveral miéochondria~like strﬁctures
enclosedjzh an isolation. body (cytolysome).
The'cisternae of'the enclosed mit&chondria

appear to have éreas (arrpws) of cytoplasmic

contact.
(DMS)@always appeargd in close proximity to

Both these structures-

the isclation bo
were anly found in the e%ithelial cells of

\\\_, molting laz{.;}'ae'.‘~ 54,292x"

The double membrane-bound structure ;
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. pPlaté 42. A cross section of the base of the crystalline

i

-

© 5. _cone (kk) and lens-forming cells (lfs) of a

- molting E.-isébélla larva. ~The peripheral

RO

hoies.were caused, by post-fixation with osmium
tefroiidel One nucleus (Ns) has degenerated\
leaving a hole in the cytoplasm, the other (N)

is small énd dense and intact. This organism

was killed 2 hours before ecdysi;«—-ﬁbté-the
spherigal mitochondria (M) at the edges of the
cone. - This type of mitochondria was not present
in the cy£pplasm of epiﬂermal cells nof in t
retinal ce}ls. The'cytéélasm of the'cOne—forTing

cells (1fs) is granular while those of the corne-

-

.agen;celis have large and-small pigment granules

v

and Golgi complex (GC).: 15, 240x
- . Sl

1
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Plate 43.

before ecdysis.

g o shn -

=
-

,

] - . M
Detailed electron micrographs showing the edge ot

-

the .crystalline cone (kk) and cone-forming cells

(1fc) in a lanya_offl. isabella killed 2 hours
¥ ] - )

L4

A. The dense granular area containing spherical
mitochondria " (M) is the cytoplasm of the

‘cone-forming cells. The plasma membranes

between the three cone-forming cells l(1fe),

and the threewcorneagen cells (C€) contain

]

urate spheres (us). There are no pigment

. L4 . .
granules in the cone-forming cells while the

corneagen cells (CC) haVe spherital pigment
‘granules and Golgi compleﬁes (GC) . 36,195x
B. Another area around éhe:crystéiline cong
between the:;wo t&pes of célls'caﬁ.be'clearly
distinguished with several uratelsbheres (us)

in a row, fiﬁérs attached to pigment granules

and ‘the membrane of the congﬁforming cells

(Lfc)%- The arrow indicates the division
between two lens-forming cells and a small

line leading inwards from the cell membrane

-

into the conewwith the cone forming substance.:

"The'empty space (Ns) once contained 4 nucleus

of a 1ens-sedreting cell. | 36,195x
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~ Plate 44. - ‘

7

A crqss Section of a differentiating stellate
uni t below.the crystalline cone showing primary
(P) and secondary (S) pigment cells with an
ocular bristle (B) intruding through the
rﬁabdqméric-mass (RQ) . .The mitochondri@ in ..
these_cellé were spherical with.w;de inter-

cisternal spaces. This larva of I. isabella |

was killed while the stemmata were retracted

in the'head_aanthe old cuticle had not yet
completely separated from the new. 12,065x

-
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Plate 45.

A,

. --175 -

A section of the stellate unit showing the
orientation of the pigment granules and the

microvilli (MV) extensions among the p;gment'

granules. Glycogen granules kg} around a

pigment granule, a fuzzy junction (fj) between

two primary pigment cells, a large multi-

vesicular bodj (Mvb) with many vesjicles

‘enclosed are present. _ 42,227x -

Detail of a portion of the rhabdomeric
membrane in the same section showing
evidence of pinocytosis (arrows), a small

mutivesicular body {Mv) and one such body

may have been pinched off (p). 91,440x
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 Piate_46. A De£ail of tﬁebristle (Bj with an axon (ax)
prgtrudiné £hrough_the rﬁébdom of the
steilaté rhabﬁom. The cuﬁicular laf%:s and-
fibrillar internal composition is visible.
Note the hexégonaizarrangement of micro;illi,
each with a cen£rél axil filament seen as a .-
-small central dot. A.deémosbme (D) is also
seen in this area iﬁdiéating‘cellular
communrication between two adjacént priméry
*pigment cells. 1Den_se {dg) 'and pale (pf)
pigment granules are also presegﬁ. 42,227x
E, Detail of tﬁe center of the stellate
rhabodm (Rd); note a.desmosome (D), diamond
shaped intracellular space 'and oriegﬁation‘
of the microvilli. Once jthis stage in the
developmental cycle is completed, ali six
iy stemmata will emerge from this mass. Each
will have an organized rhabdom according to

the type of stemma it is to become, i.e.

unitaxry or tripartite. '30,1623
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Plate 47.
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An glectroh micrograph of a section through
the distal area of stemma 3 in which one

primary pigment cell (P} can be seen merging

with two secondary (S) pigment cells in an”

" intermolt larvae of 1. isabella. The large

corneagén cells {(CC) contain granular material.

~The plasma membrane (pm) consists of two doublé

layefed meﬁb&énes. fhe'spheriéglfmitochpndria
(M)'of the primary and sebondary pigment cells
éré present. . The intercellu}ar space (Is) |
Eetween the two corneagen cells contains a -
membrane bound multiVesicular Eody (artows).wh

24,130x

&

LN
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h S
A, A detailéd'section through tﬁe dplgi complex
E(GC) of a secondary pigment cell (8) with
pigment granules visible in an intermolt
- larvae of I. isqﬁella. This cell is divided
from the pfimary pighent cell (P) by two
dodble stranded plasma memﬁranes (pm) with
a urate sphere (us)lprebent at the left of
the photograph. \Seﬁéral spherical mito-
' chondria (M) with distenqga intercisternal
spaces are also seen. 48,260x
B. Detail é} a Secoﬁdaxy (S) and primary (P5
pigment cell showing(ﬁhe organization of

1 4
pigment granules in each. Note the

_
.
w

spherical mitochondfia {M) with wide'inter—
cisternal spaces in the primary pigment
cells, The grénular membraﬁe separating
the two types of bigment-cells contaihs‘
small urate spheres and multivesicular

bodies. c r/ 21,130x
A
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membrane sfruétuges (DMS) were never foﬁnd in the
gpideyméi cglls_of.integmolt larvae. Prior to apolysis
a corona of ribosomes was%p:egent around the nucleus of
the epidermal cells nearest to the stemmata (Pl. 42).

_ The epidermal cellslﬁf"da;k\reared lg;vae.had large
numbers of cftquéomeé, fibers and wide intercellular spaces.
These cells we£e much mére elongated near the stemmatal
units and coﬁtained_lesg‘Eough—sqrfacéd endoplasmic
reticqlum. The Golgi co élexes wsfe either absent or atro-
phied in~dark—reared larvde. Small tracﬁeoles’were present
where stemmatal units‘?re attached to the mantle sheating

.

cells.

b

Crytalline Cone &and Lens—forming‘célls.

The crystalline cone (P1. 43 & 44) was secreted by
three lens-forming cells located below the .cone. These
cells were degenerated in the intermolt larvae and replaced

v

by a vitreous fluid. During stemmatal differentiation

r

(Fig. 8) and (Pl. 43 & 44). They are chgracterized by
granular matérial in the.cytoplasﬁ and s&all €lectron dernge
nuclei. The mitochondria of these'cells were spherical
and found close to the crystalline cone. The plasma
membrane of these lens—-forming cells containgd urate spheres
whiéh were enclos8d in a double membrahe.‘ |

In dark-reared individuals, the crystalline cone ahd
lens-forming cells were degenerated. After the molting

process was completed, the crystalline cone was represented

by a fibroﬁs structure or a granular fiuld material. When
-

A
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%;ystalline cone was present in dark-reared individuals,
it was smaller and irregularly shaped. Sometimes in these

" larvae the three parts of the crystalline were separated by

a space. The_dytoplasmic fibers sufrounding the pigment v
' . _ : v

granules of the diatal retinal cells and connecting them to

the plasma membrane of the cone-forming cells were absent

in dark reared larvae (Pl. 43 & 44).

Corneagen Cells

[~

These three cells contained scattered small secondary
pigment granules which were also clustered near the

crystalline cone. Once the lens forming cells had disinte-

W@

grated, the corneagen cells functioned as a partial éupport
for” the crystailine'lens; The cdytoplasm of these cells
contained sparse microtubules whicﬁ were surrounded by a
réﬁgh'granular materiél. Cytoplasmic inclusions such as
mitochondria, rough-surfaced endOplaﬁmic réticulum, free
ribosomes,and lipid droplets were found bnly close to the
nuq}eué/of these large cells. The.basal extensions of these
cells formed the sﬁeath that was continuous with the
gonnectiée mantle cells made up of fiﬂers.‘ Golgi complexes
with expanded cisternae were abundant in corneagen cells.

They were located in the proﬁ%mal end of the c¢ells bottom

of the nuclei. Extensive septate junctions were present

A

between corneagen cells, epidermal cells, secondary and
primary pigment pe&ls.,



Plate 49.

An electron micrograph in a mature intermolt
larva of I. isibella shoWing the intracelldlar‘
fluid (If) at the center of the rhabdom in the
distal retinula of stemma 3. A fuzzy junction
{£f3) is seen near the center right of the

picture. ' - 24,130x

(Gaps are due to fixation with osmium tetroxide).

@
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Plate 50. Elecfrop m cfograph through a tripartite
 sktemma of a mature 1arva'5T3i. isabella..-
Microvilli afrangemenf in stemma 6
in the éistal area Pf the fetinular cell is

seen in this section. 54,292x
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. Plate 51. Electron micrographs in a trip;rﬁite stemma in

. a mature larva of I. isabélla.

"A. Microvilli afrangemegt in stemma 1 in the
distal area of the stemma is seen in this
photograph. - ;'250,162x

B. Detail of the microvilli.arrangemen in
stemma 1 in the. proximal area of the

retinal cell showing where they diverge at

a 90° ahgle. - 42,227x
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Fig. 8.

t

-

. Drawing of a cross section through the

stellate unit'present in I, isabella
!,. / . —‘ e —
during ecdysis; the stemmatal units are
retracted into the head. (See list of

abbreviations. Not drawn 'to scale).

-
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bigment Cells and Stemmata; Differentiation
-There were two distiﬁéf‘gfoups”of pigmeﬁt cells presgnﬁ
in each st%mﬁa of I. isabella. LThey éontained most of the
p%gmentS'of'the-stemmata. The largest and most ﬁrofuse
distribution of pig@ent granules of the screening type Qas

¥

in the primary pigment granules of the sc:eening'typé-was
in the primary pigment ceils (P1. 45-49). The pigment ’
granples of the secondary.pigmeht cells were pot as abundaq?
and usually smaller than those of the primary pigmént Cells
The Eigment granules of the latter ranged in size from 0.2y
to 0.1l4yu while thoSe in the secondary pigment cells ranged
from 0.000SU to 0.l2u. Most pigment granules were spherical,

but others were more irregular. Numerous fibres were

dispersed throughout the matrix of tgg retinal cells (P1l. 45-

9

49).

In the primary pigment cells, the pigments weresarranged
in rather ill—defined groups, Many of the_pigment granules
were surrdunded by .a membrane which extended intoég‘fiber
that terminated in the matrix of.the cytonlasm.

VPrior to ecdysis, after the old cutlcle had begun to
lift from the new underlying cutlcle, the sensory elementé
of the stemmata had withdrawn into the head capsule and
formed a stellate unit coiposed of the six individual
stemmata (Fig. 8) (Pl., 45). Crystalline bodies, retinal
cells and corneagen cells all underwent an increase in size
at thié time. Each stemma was separated by i individual

cellular components, but they formed a c%ocSe knit group.
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Tﬁere was a central rhabdbm with the microvilli
oriented at different angles. This stfuctufe appeared as
if all the rhabdomeres frém each of thé six stemmata had
converged to the center of the two groups of:pigmented cells.
"In tﬁis stellate rhabdom, groups of membrane-bound structures
“conthinéd small (0:05u)-membrane—bouné multivesicle bodies
(P1. 46). Theré-were hc?éeils in a-state of mitotic diviéion.
The cells surrounding the entire stellate structure céntain?d
large nuclei with abundaﬁt chromatin material.

Deeper sections thréﬁgh this structure revealed axons
with a central fiber, well established sheatﬁs and.thin'glial
material surrounding “the axonal bundle.

_ Seven bundles of pigment granules} cne for each cell,
'surrounded the central rhabdom. These pigment bundles were
weli seéarated from the secondary pigment cell groﬁp by a
granular-fibrous plasma membrane; pigmentAﬁypes'in each
cell (priﬁary'and segondary) were_disﬁinct. The pigment
gells not touching on the rhabdom contained a Golgi complex
pigment granules, spherical bodies. In the closer pigment
bundles. contained electron dense pigments of various shapes.
The outlying secondary pigment cells had more sPheriga;
bodies and fibers (Pl. 45, 46 & 47).

p An ocu}ar bristle with a cuticular limiting sheath
was present at the edge of the fused rhabdom. It had é
granular—fibréus interior with an electron trénsparent spot
containing two ceﬁtral fiﬁers resembling an axon (Pl. 45

“

& 47). Desmosomes from each of the primary cells bundles
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were common even in the area of the differentiating ocular
bristle. Electron dense amofphous material surrounded this
b;istle. -The microvilli in this.area formed a honey-comb
cénfiguration, énq a central axial body was present in each
of these structures (Pl. 47).  The micro§illi‘iq'the
st?llate'bodyﬁmerged at mostly’oblique'angles.‘ The

rhabdomeric‘mémbranes were extendéd thfough‘and.around the

primary pigment cells. They branched inward  to form the

' lardé irregular rhabdom which had two central, diamond-shaped,

inte}bellular spaces filled with tiny granules. Vacuoles
were present in the rhabdom. The fuzzy granules in t@e.
primary cells were not membrane-bound and.small packets of
membrane—bound vesicles were dispersed throughout the matrix
among the pigment granules. Piasmalemma was present between
the four plasma membranes'that separated the primar& énd
secondary pigmént cells. The cytoplasm of the secondary
pigment cells had many small and large membrane—ﬁound,
electron dense bodies scattered thfoughout. (P1. 45, 46 & 47).
The microviili of the tripartite and unitary eyes
oriented différentlytfrom the long axis.of the retinal cells.
Those of the tripartite eyes were arranged in_spirals in the
four proximal retinal cells while those.of the three distal
retinal cells were arranged in an‘angular fashion (each -
rhabdomere had microvilli which extended to the center of
the fhabdom at an angle). Variously shaped electron dense
bodies were present théoughout the rhabdom (Pl1. 50, 51 & 52).

The pigment granules near the rhabdom (touching the
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Al

\
basal area) were eléﬁ%ron transparent with enclosed fibrous
matricés, v '

Groups of granular material were present where the
microvilli chanéed diréction. Usually the miqrovilli lay
paraliel to each other even when sﬁi#alling Was.néted"

(P1. 50, 51 &“52). Only in the mature larvae were the
_microvilli organized. _The %mmature 1arvaé usually had a
rhabdomeric structure somewhat siﬁilar to that found‘by

Dickens and Eaton, (1974} in the sphinx moth adult dorsal

ocelli.,

i
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. , DISCUSSION

This thesis is the first comparative morphologica;
study of steﬁmata in different specieé of Lepidobtefa; It
gfings fo;wardkthe following elements which had not been
reported before:; (1) description of surface papillae on
#hé cofnea, {(2) differences in rhabdom of tri- and
‘unitary stemmatd, (3) detailed informatién'on molting in
a sensory system, (4) mofphélogical abnorm;lities associated
with rearing in total darkness, (5)‘m6;pholdgical changes due
to viral infections, (6} differences‘betweenﬂiarval instars,
(7) interneural'connections,'(8) first detailed description
of ocellar pigménts,theh:variations from species to species
and theiractivity du;iné molting, (9) structural~morphologicai
evidence of pigment migration, light polarization sensitivity
and UV detection and (10) observations on structural differ-
ences in feeding and wandéring individuals.

The fiﬁdings of Chappell and Dowling (1972a, b}, Dickens
and Eaton (1973, 1974), Dowling and Chappell (1972), Eaton
(1971), Goodman (1970), Noxrdlander and Edwards (1968, 1969 a,
b), Ruck (1957) and Ruck and Edwards (1964) have been used
in the interpretatioﬁ_of the results. These authdrs worked
primarily with the dorsal ocelli of adult insects. Identifi-
. cation at the ultrastructuralllevel was rendered possible.
by réferences to studies of arthropod compound eye ultra=
structure gy: Dahl (1963), Eakin (1972), Eguchi (1962),
Goldsmith and Bernard (1974), Goodman (1970), Home (1975,

1976), Horridge (1974), Horridge and Bernaxrd (1965),
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TABLE 5
SURFACE CONFIGURATION OF THE SIX STEMMATA

IN THE LEPIDOPTERAN INVESTIGATED

L

Species

. Position of
the Tripartite

Position of
the Unitary

Previous
Work

Diacrisia virginica

“Hyphantria ‘cunea

s

1.mwwooﬂuﬁm‘umoovmmmm.

-

-

huawwﬁﬁnmﬂoﬁwmv Isia

isabella
-

Thymelicus lineola

Malacosoma ameri-
canum

~

Malacosoma disstria

-

" Malacosoma pluviale

Euxoa messoria

Family Stemmata Stemmata
Arctiidae 1, 2,6 3, 4, 5
1, 2, 6 3, 4, 5
1, 2, 6 . 3, 4, 5
1, 2, 6 3, 4, 5
Hesperiidae 0 1-6
Lasiocampidae 1, 6 2, 3, 4,
G
1, 6 2, 3, 4,
1, 6 2, 3, 4,
Noctuidae 0 1-6

mvwwommsm (1975)

Dethier (1942)
Philogéne {1975)

Philogéne (1975)

Philogéne (1975)
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Locke (1964; 1967) .. Lbcké and qulins (1975), Meyer—Rochow.
(1973, 1974), Neville (1970), Paulus (1975), Shaw (1969),"
Synder (1973), Synder €t al., (1973), Trujillo-Cencz and
Melamed (1973, 1975), Weﬁner (1972), Weis-Fogh (1970) and
Youssef and Gardner (1975}.

Man& structures observed did no£ have a counterpart
in the studies citéd above and conseqﬁently, remained

unidentifiable or had to be named.

External configuration of_tlle stemmata

A summary of the number of tripartite and unitary
stemmata in the Lepidoptera larvae studied is presented in
Table 5. This table shows a uniformity in spegies of £he
same family. These larvée have similar habits such as in
the Arctiidae, larval diapause and wandering behavior to
seek a place for overwintering and, in the spring, pupation.
The tent forming species have a habit of leaving the tent,

then wandering until a pupating site"is located.

The corneal microtubercles of mature Malacosoma and
Diacrisia -become more prominent as the larvae aged. This
deﬁélopment could cause a decrease in visual acuity by

introducing more surfaces from which light rays are reflected.

o
e

The behavior of the larvae indicated that this was not *
necessarily the case. Tripartite stemmata which are low

on the head were the only stemmata affected. This can be
explained by a possible change in the function of these

stemmata in the late instars. Another possibility is that
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in the mature larvae, only ce?tain waﬁelengths are pefmitted
to enter through these stemmata. Dethier (19¢g5 noLed thé.
misalignment of the lensés-éxes in the triparti£e stemmata. .
He concluded the system was inefficient: the lenses are not
utilized to their best advaﬁtage and the dﬁxﬁriclépparatus
concentrates iightf These observations and thelsurface

structure reportéd here suggest tripartite- stemmata may have

a function other than visuai.

Larvae infected with v a "pop-eyed" appearance
due to ﬁhe'loss of suppohﬁiz; ti sue beneath the cuticle.
‘The function of the stemmata was iﬁbaired because of tissue
degeneration. | g |
| In dark—reared;ndividual; thét re§ched maturity, y
wrinkled cephalic and stemmatal cuticle resulted from several
factors: a) ab§ence of light needed for proper cuti¢u1ar
layering (Neville, 1970), b) high humidity in the reariné
. container which interféred with the cuticular deposition
- Process, ¢) a combination of these factors andlthﬁ‘diet;
Euxoa and Isia larvae removed from tobacco plants lh the
\
field or fed on nicotine containing diets (in the case of
Eﬁﬁgg) had a similar appearance. It is unkgbwﬁ if wrinkling
of the corneal lens interfered with‘thé normal visual process
of the larvae. The pronounced reduction and in some instances
absence of the cryétalline cone do impair vision because light
must pass through’these structures to have an’ effect. More

light would be reflected from this rough®surface causing a

decrease in visual acuity.
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No supérficial variations. were noted in larvae of I.
isabella reéred at different photoperiod and temperature
regimes. The rate of development dia not affect the rate of
stemmatal growth nor_alter the extérnal and intefnal features

of the stemmata.

Gross Anatomy

L4

From the studies of the gross anatomy of the stemmatal
units and connections to the brain it can be concluded . that
each ocellus or stemma is a separate unit resembling a

primitive or underdeveloped oﬁmatidium, as those found by

Paulus (1974) in- the lower Apterygota. These connections

remain throughout the larval life pf the larvae. -

In the lepidopteran larvae, the visual system i.e.,
the ;temmatal complex, sends oht a slender nerve to the
protocerebrum during embryonic development. By the tiﬁe (\ﬂ

the larva has reached the

tage a£ which metamorphoiiﬁ'occurs:'
this nervé has thickened and eased in diameter in the
late larval stage b§ adding sheath cells, probably glial.
This nerve carries the remnants of the stemmatal pigments
towards the brain where they a#e permanently enclosed by P
the perineural . s@eath (Nordiander and Edwards, 1968, 1969 a,
by. 1In the species studied, except Euxoa these ocular .

pigments are carried by the stemmatal nerve to the brain and

central nervous system (CNS) throdughout larval life. These

pigments are either converted to some unidentified product

for immediate use or stored in a different chemical ﬁor

later use. It is beliéved that the products of the reﬁaining
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reared ‘in dark conditions'“
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-

sheath cells at rhé laryal stemmatal nerve provide_éhe {‘
framework onto_which the differeﬁtiating cells of the ommatidia
grow.centripetally (Sheltod, 1970) . The.stemmatal‘nerve

sheath spllts at its hypodermal extremrty to form two branches,
é\rst 'in the dorso—ventral, then the horizontal plane forming
a radra: array of“slender filaments connecting the epi-

derﬂgé‘with the developing protocerebrum. This is the

. pattern described by Nordlander anghEdwards (1968a, 196%b)

for Danaus which supports the early observations of Johnsen

(1892) rather than Bauer (1904) and Umback (1934). The
latter two workers regarded the strands éonnecting the

epidermis and the optic lobes as inwardly migrating epidermal‘

.eells. No embryonic studies were conducéted but the findings,

of Noxdlander and Edwards (1963, 1969), Bauer (1904) and
Umback (1934) apﬁear to be the likely type of development

to ocecur in the species -studied here. This is s;@?@d because

.0f the increase in pigment granules and sheath cells, ‘with

’

the age of the caterpillars stﬁdied, except for the individuals

\.“J '

It was also noted that once the sensory elements

~ (ectodermal. orlgln) are develagggJ ‘they are not shed as the

outer corneal lens, (ectqdermal‘orlgln). Sensory ele\éqts

retracted into the head capsule, ,increased in size, rearranged,

and under hormonal control, grew outward towards the cuticle
of the head. The corneagen cells'grow inward as indicated
by the tapered shape of these cells to ensheath the retinular

Qélls. - Once this occurred, the sheathlng cells at different
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points albng the nerve (from basic groups of 1eftéver cells)
t forn{ed a loose myelin type sheath. |
Once the basic morphogenetlc process of connectlng all
‘stemma to a common nerve was completed and the nerve tracts
laid down, the stemmata remaiﬁed as a single unit throughout
larval life. Th% results indicate that these structures do,’
- . not degenerate as formerly belleved (Mazokhin- Porshnyakov, E‘
1969) but add more cells, and finally'increase in complexity.
The point of insertion of tﬁé stemuatal nerve in the
brain is a'species specific m&%%%ological trait which appears
to huve 1i£tle to do ﬁith the actual functioning of the
stemmata. Thewage of the larvae is the factor which determines
-whefe the stemmaual nervé enters the brain.
The iuterneural connections of the stemmata are not

i -

separated into two differentlmorphological entigies based S

/"\ s
\ \\\h—////uﬁaﬁ their eﬁiernal conflguratLOn (uni- or trlpartlte) as

postulated bnyhllogene (1975) . ThlS is not however an

.rr

indication that tripartite and unitary stemmata ar incapable
' ’ ~ b
of functioning as two different morphological grodps.

~
- .
- - . . . ; . -

Function during moltingf ~__

The differences between the stemmata of moltiné and

S K intermolt larvae were: a) a retraction of the' sensory ~—

- ¢1emegEEi- b) shorteuing of stemmatal Rerve, and c) loss of 4
'vision.-rDuring'molting when the sensory cells have been |
retracted into the héad capéule, the stellate unit retains

its sensitivity to the igtensity'of-light and/or heat.

-
»
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—This was suggested by the:light and/or heat aveidance
behagior seen inuthe larvae. This behavior.varied with the
stage of the molting cfdle. During molting, little or no
response was.exhibitea by the animal, especially dufing
the first two hours before ecdysis had beéun and the exuvium
was.being descarded. Only when sclerotization and darkening
had been completed or in an advanced state, did the larvae
move on their own accord. ThlS movement occurred after the
stehmatal sensory elements had resumed their customary position
beneath the coxneal lens. Other behavior of the animals
' noted at tuis time is further indication that the stemmata are
less functiggal as phetoreceptors. This behaviot includes:
1) seeking shelter in the confines.df the web or tent in
those species that.construct such structuAes and 2) movement
to concealed places to mold once feeding has ceased and the
hormonal titre for molttng is at the proper level:_ This
behavior is triggered by the stretching of the old euticle

by the ever growing larval body contents'(Wiggiesworth, 1972) .

A
3

QOcular Bristles

In all specmes studied bristles located close to the
,stemmata were unlferm in position and conflguratlon All
bristles appeared to be involved in mechanoreception and not
in t ‘exteifion of the visual field 'of the stemmata.
'“'"‘Nugthi
other similar structures assoc1ated with the eyes of 1nsects

9
mlght, and in some cases do, act as an extens10n of the V1suaI

‘ l
field. This .does not appear to be the case in the larvae

'(19701 noted that the presence of -bristles, setae and

%
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examined in this investigation for several reasons: .

' (1).structurally the bristles'were sensilla trichodea which
‘are concerned with tactile stimuli (McIver, 1975), (2) there
was no neural communlcatlon between the two sensory systems
and (3) ‘the surfaces of the bristles had structures: which
would reduce thelr e?fectlveness as poteﬁtlal llght reflectors.
or absorbers. There was however an e;ception:J E. messoria.
In this species, the bristles are Smooth and round along their
length and positioned close to ﬁhe surface of the flattened
stemmata. This arrangement could make it ﬁbssiblé for light
to be reflected from thehsurface of the bristles to the
surface of the stemmata. This specie$ is nocturnal in its

habits, therefore, an adaptation to maximize light reception

is conceivable..

Ultréstructural Variations

The rhabdom is the light receiviﬁg structure of the

[}

-

stemmata. Its functional limitations are governed by the
microvilli orientation and arrangemeht, and by the photopigmentf
All microvilii are presumed to contain the visual photopggments
(Synder, 1973 and Synder and Pask, 1973). The directional

absorption properties of microvilli are.influenced by the

photopigment molecyles present in the microvillar membranes

while this dire fional sensitivity is related to the orien-
tation of the microvilli (Langer and Thorell, 1966) and is
independent of Ehe dross morphology of -the rhabdom.

Polarization sensitivity is a function of the gross morbho-

" logy of the rhabdom (Syndexr 1973). Reception and use of
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light waves by the unitary and tripartite stemmata must,
therefq;e be expected to vary since they'have a different A

ultrastructural arrangement.- In the tripartite ocelli, the

whorled microvilli cannot conceivably receive nor conduct

light in the same way as the angular and straight microvilli
of unitary ;témmata. . i -t

Observations on the visual cépabilities‘of the £ripart;te
stemmata (Déthier, 1943).can be explained by vafiations'fn
the rhabdom copfiguration (from open to closed or fused
within the same.stemma). Maximum use of the light received
at any level along the rhabdom is rendered feasible bf the
variations in microvilli orientations.- 5

In stemmata with various sized retinula cells, it is

possible that each cell has a different function. This is

true of the compound eyes of several insects (Synder, 1973,

‘1955; Goldsmith and Bernard, 1974). Whethéer or not the .

theoretical equations for‘compound eye,rétinula cell function
can bé applied to the stemmata is unknown. However, some
features (length, width, electro-retino gfams and microspectro
photometry) of the stemmata can be determined. It is probable
that these small retinal cells are the receptors of‘UV
info;mation as found by Ishikawa (1969) for Bombyx larvae.
Menzel (1975) and Stark et al., 1976) reported the UV seﬁsitive
receptor in the rhabdom oflthe ommatidia of the red wood ant
and flies as being smaller than £h§ other cells, located
pposite each other, and with microvilli orientation in the

same direction.

~
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The afrangement of rhabdom micrq?illi in tripartite
stemmata of the late instar larvae suggest thaf navigation
by'polarized light is possible.- Wellington (1957, 1964) did
show that larvae of Malacosoma were capable of navigation
by polariéed light.' He demonstrated this by ﬁaniéulating
a polgrized lens iﬁ the light path of photo—pdsitive
larvae. Gribakin (1973) formulated a mathematical theory
on how insect eyes are able to perceive polarized'light by
the filter mechanism created by the arrangement of the
microvilli. He based his theory primarily on thé fact that
many insects haQe tiered retinulae with one or more basal
ends %’&oximal) to thée wvisual cells. Gribakin's theory
states that the diséal rhabdomere serves as a PL (pofariZed
- light) filter‘(analyzer) for linearly polarized 1ight from
the sky, whereas, the proximal rhabdomere absorbs or. measures
£he intenSity o%\Pi transmitted by the distal rhabdomere.
Last instar larvae of Isia had tiered rhabdoms in some
stemmata and could consequently fit this theory. .

The ultrasﬁructnrél alterations found in the stemmata
of dark-reared larvae ‘were: degenerated pigment granules,
reduct%on of cellular inclusions such as SER, ellipsoid °
mitochondria, increased intracellular spaces and unorganized
microvilli and rhabdoms. It is difficult to conceive that
such ocelli would be functional. Light exposure, therefore,
seems t6 be a necessity to preserve the integrity and
functional capacity of stemmata.

The lamellar layering of the microfibrils of the cuticle

were irreéular and the parabolic patterning (see Neville, 1970)



- 208 =

was lost. There is a dally growth pattern in the layers of
the cuticle in most diurnal 1nsects (Nev1lle, 1963b) but this-
was absent in dark-reared larvae. .This is further proof

of the requirement of light exposure for normal development

in Isia and p0551bly other lepldoptera larvae.

Ocular Pigments

Pigment quality, quantity and.position varied with
the age of the larvae. Young/zarvae tended to contain
mofe'melanin based pigments close to the rhabdom and
crystalline‘oone as well as alongfthe upper layers of the
stemmatal‘nerve or toyardshthe most intensively light
receiving part of the nerve. This distribution of pigment
ensured shielding of the iaternal delicate sensory units of
the stemmata.

The red and red-purple pigments.of the CNS and
stemmata were probaoly ommochromes in different states of
oxidation or reduction (Linzen, 1974) which changed according
to the amount of light passing, through the pody wall and
cornea. |

Two distinct types of pigment granules were recognizable
in ultrastructural studies. Small osmlophlllc ‘and large
electron 0paque flbrlllar or lamellate granules were found
in the primary, secondary pigment and, corneagen cells. '
These ;ere probably ommochromes and pterinsl' It is known
that these two pigments exist in priﬁary afid secondary pigment
cells of insect eyes (Nolte, 1961; Maier,.1965;‘5houp, 1966)

in separate granules. Autrum (1961), Hoffman and Langer (1951)
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and Langer’and Hoffman (1966).§tated that ommochromes and
ptérins have no functioﬁal roléskin the visual process sensu
stricto. Héwevef, accdrding to Ziegler and Harmsen {(1969) '
thesé pigments are essentially for sdreeninj and filtering
light. | | ' o o

Three pigments have been identified in the eyes 6f
lepidoptera lar;ae: omnins aﬁd xanthommins in'Galleria

melonella F. (Butenandt, éﬁ al. 1958b, 1960b); ommatins in

Ephestia kuhniella L. (Butenandt, et al., 1958b, 1960k and

Becker, 1942}.

The positive PAF reactiog of the retinal cells indicate
that the larvae studied here had primarily ommatins. This
reaction is specific for sulfur containing proteinaceous
material, and ommatins are such compounds. |

There were several structures present in the retinal
and cornegéan cells associated with the pigments. These
structures were: 1) Palisades (vacuoléfed areas near the
rhabdom associated with/the radial movement of screening
pigments, Walcott 1975 and Whittle 1976); 2) subrhabdomeric
cisternae (SRC) (a system of distended membranes neaf éhe
rhabdom associated with radial pigment migration, Whittle
and Golding 1974, Horridge and Giddings 1971b; Horridge et
al. 1971); 3) microtubules (associated with passive movement
of pigﬁent granules either en masse or singly, Butler, 1973,
Turnstall and Horridge 1967, Horridge and Bernard 1965,
Walcott 1971, 1975).

One can therefore, conclude that pigmeqt granule

~

migration would occur in the stemmata of Lepidoptera.
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SUMMARY AND CONCLUSIONS

In this work I set out to obtain informatioq on the

AY

anatomy of the visual units of lépidopterous larvae having

varying habits and habitats. .The objectives were 1) to

‘compa:e the arrangement and compenents of the stemmata;

2) to describe the external ag@ internal'anatomy of stemmata.

in each species; 3) to descfibe the neural connections between
the brain and the wvisual units;‘ 4) to describe and compare
ocular pigmenglaistribution; 5) to describe the ultrastructural

elements of the stemmata of Isia isabella; and 6). to relate

the findings to the physiolog} of the organisms investigated

and establish the significénce of all variétions_observed.
Morphogenesis of £he stemmata takes place at each

larvalgl%rval molt. The dioptric apparatus undergoes the

same typé.of changes as fhé body cuticle. The sensory apparatus

retracts into the head caﬁity,'enlarges and extends beneath

the cornea. ) ‘
The important findings of this study are: 1) similarity

in the occurrance of tripartite stemmata in the same taxonomic

group, 2) consistency in the arrangeméht of ocular bristles

in each taxonomic group, 3) the fact that ocular bristles dre

mechanoreceptors, 4) the neural connections of the stemmata,

5) stemmata possibly oper;ting as a unit or individually,

6) differences in the number of distal and proximal retinal

cells in each taxonomic group, 7) similarity between the

stemmata and the ommatidia of compound eyes, 8) different
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microvilli orientation in unitary and tripartite ‘stemmata,
9) the presence of‘rhabdoms-with.the structure of UV and
polarized 1igh; receptors, 1l0) similarity of ultrastructure
of the cephalic cuticle and the corneal lens, 11) the
bresence of motile ocular pigments in the stemmata and
stemmatal nerve, 12) ultrastructural-evidénce for radial

, .
pigment migration, 13) structural differences between the
stemmata of feeding and wandering larvaé, and 1l4) the

necessity of light for normal crystalline cone development,

_pigment granule occurrance and formation in the stemmata.

Stemmatalare dynamié structures undergoing constant

" changes as the larvae grow énd mature. One can easily

understand the importance of these cepﬁalic sSensory drgahs‘
in the strategy for survival. of lepidoptera larvae since"
light is a significaﬁﬁ element in the physical environment
and the behaviour of insects. This work lays the ground for

further studies on the sensory physiology and behaviour of

the’ larvae of lepidoptera.
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