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I, INTRODUCTION

The cotton leafworm, Prodenia litura F., is well=

known as a major destructive pest of cotton and several
other crops in many parts of the world, In Egypt, the ann-
ual loss in the cotton crop alone due to the ravages of the
larvae of this pest amounts to several million pounds in-
spite of the extensive control programmes underteken, The
defoliation caused to cotton plants by these larvae cér~
'tainly retards the formation of bolls and thus exposing
these bolls to the severe attaek by the spiny and the pink

bollworms which incerease the losses considerably,

Judging from the avallable liteiature, it is evident
that the distribution, biology, and iife~histcry of this
pest have been thoroughly studied in Egypt and various other
countriesg Among the workers who contributed in these res-
pects are Jones (1913), Ballard (1913 snd 1914), Morststatt
(1914), Duport (1914), Jack (1915), Gurney (1915), liosseri
(1917), Nakd (1918), Jepson (1§18), Brain (1918), Jhavert
(1920), Comus (1921), Fletche# (1922), Hutson (1924), sar-
couf (1925), Jyssidre and Mimeﬁr (1926, Ritchie (1926),
Jardine, Reeve, and Jabaratnem (1926), Edwards (1926), Ball~
ard (1927), Simmonds (1927), Aghion (1928), Golding (1928),
Hopkins (1928), Bishara (1929), Janisch (1930), Leefmans
(1930), Smee (1930), Bishara (1B34), Froggatt (1936), Ghabn
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(1937), Willcocks and Bahgat (1937), Sonan (1937), Chin

(1937), Jukchan (1937), Frappa (1937), Swezey (1941), Basu

(1944 and 1945), Bodenheimer (1950), Hassanein (1958), Hosny
and Kotby (1960), Nizambioglu (1960), Moufid, Moussa, Zaher

and Kotby (1960), Moussa, Nasr, and Hassan (1960), Abul- :
Nasr, Moufid, and Moussa (1960), and Abul-Nasr (1962). @

Also, general descriptions of its different develop=-
mental stages have been given by several workers, Moreover,
the external morphology and internal anatomy of the mature

S

Hammad (1958), while, Soliman (1958), in her work on the

effect of certain insecticides on the different internal

systems of ths mature larva of Prodenia litura, described

briefly and figured soue of its internal organs.,

However, except for a few descriptive notes given by
certain few workers such as Willcocks and Bahgat (1937) and
Hemmad and Jarczyk (1958), practically nothing has yet been
done on the marphology or anatomy of the adult moth of Pro-

denia 1itura,

In fact, as stated by Ipms (1957), very little work
has been carried out on the morphology and anatomy of the
adults throughout the whole order of Lepidoptera, All that
has been done in this respect may be the works of Burgass

(1880) on Danais, Bwoudt (1880) on Sesiidee,Jackson and
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Jordan (1893) on Lepidoptera in general, Packard (1894) on

Lagoa crispata, Peterson (1906) on the principal anatonical

features of Lepidoptera, Rethschild's monograph (1903) en
Lepidoptera, Nigmann (1908) on Acenﬁropus, Richard (1933) on
the morphology of the Noctuld tympanum, Della Beffa (1938)
on Gracillatiidac, Nadden (1944) on Sphingidae, Frerman
(1947) on Christoneura funmiforana, Hottles (1948) on psychi-

and
dae,/Bl-Sawaf, Harmad, and El-Sherif (1963) on Sesamia cre-

tica, Chilo suppressalils, and pyrauste nubilalis.

Therefore, the present work is undertaken with the
aim of contributing to the filling in of such a gap in the
lepidopterous literature by carrying out a detailed study of
the external morphology and internal anatomy of the adult
moth of one of the nore important species,“h;mely, Prodenia

litura.



II. METHODS AND TECHNIQUE

To study the external morphology, the fresh adult

moths of Prodenia litura were boiled in a 10 per cent sodium

hydroxide solution for about 10-15 minutes, washed in water,
dehydrated in 70, 80, 90, and 100 per cent alcohols, respec-
tively, then cleared in cedarewood oil, and finally mounted

in ganada-balsam,

For the histological study, alive moths were fixed in
hot bouin's solution (About 60°C.) for about 12 hours. The
moths were then transferred to several changes of 70 per
cent ethyl 8lcohol, and then to 80, 90, and 96 per cent ethyl
alcohols, respectively, in each of which they were kept for
about 2 hours, Then tae specimens were subjected to 2 chan-
ges of benzol for 15 minutes each, then to 2 changes of ter-
bineol for about 12 hours each, and finally transferred to a .
mixture of terbineol and soft wax (m.p. 48°C,) for half an
hour, Serial sections were then prepared and stained with

Ehrlich's haematoxylin and counter-stained with eosin.

All figures were drawn from underneath the stereos-
copic binoclar or the ordinary microscope with the use of a

square eye=plece.
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ITI. EXTERNAL MORPHOLOGTY

The female moth of Prodenia litura is comparatively

larger in size than the male, The wing-expanse 1is approxim-
ately 38-40 mm, in the former and 40-50 rm, in the latter.
The body of the female is about 14-18 mm, in length ani 1s
generally brown in colour, with the fore-wings dark-brown
with ochreous lines and bars running obliquely for longer or
shorter distances along.the veins., In the male, the ochre-
ous lines are more pronounced than those of the female, and
there is an ochreous big band on the lower edge of the fore-
wing. The male's fore-wing has also a big bluish or purpl-
ish area near the apex and a small area of the same colour
near the base, In both sexes, the wuter margin of the fore-
wing is cut by several ochreous bars. The hind-wing is of
white colour indescent with dark-brown., The thorax and ab-
domen are ochreous to lightbrown in colour with numerous
tufts of hairs. The head is also covered with tuf'ts of

light and dark-brown scales.

A) . The Head=-Capsule.

The head-capsule (Figs. 1 and 2) is spherical in
shape but slightly depressed antero-posteriorly. A wide
conical fronto-clypeus occupies the aree between the two

large compound eyes, The pcelli are twe in number and



Flg. 1

Head-capsule (dorsal view),

as, antennal sclerite; E, compound eye; Eph,
eplpharynx; Epl, epicranial plate; fr.clp, frontal
clypeus; ga, galea; lbplp, labial palp; 1lbr, labrum;
md, mandible; pf, pilifer; scp, scape; VX, vertex.






Fig, 2:

Head-capsule (ventral view),

a, antenna; B, compound eyej ga, galia; lbm,
labium; 1b, plp, labial palp; mplp, maxillary
palp; o, ocellusj Oc, occipital foramen; st,
stipes; vx, vertex,
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situated postero-laterally on the vertex as in othor Lepi-
dopterous moths. The greater part of the ventral aspect of
the head-capsule is occupied by the occipital foramen, The
antenna is composed of the scape, pedicel, and flagellum,
the latter being about 75 segmented, In accordance with
Willcocks (1925), it has been found that there are differ-
ences in the antenpeal characters betwsen the two sexes, The
antenna of the male possesses segments that are shorter,
wider, and more hairy than those of the female's antenna
(Fig. 3 A, B), It is worch-mentioning here that Jepson
(1954) stated that in the family Noctuldae (Agrotidae), in
general, the male antenna, being more or less strongly pec-
tinate, bipectinate, or serrate, offers a character that can

be used to separate groups of species within a genus,

As in the majority of Lepidoptera, the mouth-parts of

the adult moth of Prodenia litura are adapted for sueking.

Two small functionless mandibles are present on the sides of
the narrow labrum which is provided with two latersl pilif-

ers, The epipharynx is well-developed and appears as a V-

shaped structure at the centre of the labrum. Each galea is
greatly elongated and is channelled along its inner side and
the two galeae are held togother by means of spines to form
a proboscis (Fig, 23 B)., Similar to what has been stated by

Imms (1937) for other Lepidoptera, the interior of each half

of the proboscis is hollow and occupied throughout its length



Fig. 3t The antenna; A, of the female; B, of the male.
Pl, flagellum; pdc, pedicel; scp, scape,



OS5 mm.
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by a nerve and a trachea and sets of muscles which diagon-
ally cross it (Fig. 23 B), The base of the proboscis 1s
covered by the somewhat strong stout hairs arising from the
inner margins of the pilifers, The two labial palps are
very large and cach is carried on a palpiger and is composed
of three segments, the second segment being the longest and
broadest, while the third or apical segment is very small,
Each of the two maxillary palps 1s very small and rudiment-
ery, consisting of three segmonts carried on a palpifer, and
arising from a small narrcw stipes. As in the labial palp,
the second segment of the maxillery palp is the longest,
while the third or last segment 1s very tiny, The labium is
reduced to a small plate on the ventral aspect of the head-
capsule, When not in use, the proboscis is spirally coiled
beneath the thorax, According to Schmitt (1938), after Irms
(1957), the proboscis is extended by means of blood-pressure

created in the stipes of cach maxilla., In Prodenia litura,

the proboscis is functional, tho two galeass belng long and
when their innor sides aro firmly opposed they include a

canal through which the liquid food is sucked up.

B) The Thorax (Figs, 4 and 5).

The thorax is composed of three scgments, the pro-,
meso-, and meta-thorax, 4&s in all members of the higher

families of Lepidoptera, the prothorax of Prodenie litura 1is




Fig. 4:

The thorax,

ANP, anterior notal wing process; AxC, auxill-
iary cord; EM, emarginationj 1, median notal suture;
PNP, posteriqr notal process; pph postphragma; prsec,
meso-scutum; pt, patagla; Scly,mesocutellum;Scly,
metascutellum; t, tegula; T, first terglte of ahdo-
men; ts, transverse notal suture; vs, envertid V-
shaped suture,
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ANP. . __

2 mm.




Fig. 53 Frontal view of the prothorax,

c, coxa of fore=leg; p, patagia; pli, pleuron;
sy, sternum; T1, tergum. '
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reduced and assumes the form of a collar which carries dor-

sally a pair of thin lobe-like lateral patagia,

The metathorax is the largest and most prominent tho-
racic segment, with its tergite consisting of three distinct
plates, the prescutum, the large scutum, and the scutellum,
The scutum is separated from the prescutum with the V-shaped
transverse notal sutube, and from the scutellum with the in-
verted V-shaped suture, This scutum is divided longitudin-
ally into two equal parts by the median notal suture, On
cach side of the scutum,-there is an emargination., Two
large triangular tepgulae are situated one on each side of
the mesoscutum and overlying the anterior and posterior
notal processes of the fore-wings. The scutellum is trian-

gular in shape and bears many transverse ridges,

The metathorax is smaller than the mesothorax and
consists of a small median rectangular plate, the motascu-
tellum, and two lateral triangular plates which form the

metaxcutum,

The anterilor and posterior wing-processcs are sit-
uated 1atgrally on the anterior and posterior margins of
either the meso~ and the metathoresx, There is an auxllliary
cord attached laterally on each side of each of the meso-

and metascutellum,
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1. The Legs :
Fach of the six thoracic légs conslsts of the usual

parts: coxa, trachanter, femur, tibias, tarsus, and pretarsus,

The cox is always triangular in shape but differs in
size in the different legs, That of the fore-leg is long and
slender (Fig. 5). The middle coxa (FPigs 6) 1s the largest
and broadest, nearly assuming the form of a rectangle, The
coxa of the hind-leg (Fig, 7) is intermediate in size bet=
ween the fore- and the mid-coxa, On the inner surface of
each tibia occur some peculiar spursrwith shape and form
that give a differentiantive character between the three
pairs of legs, The anterior tibia has but a single flatt-
ened spur, the epiphysis which is situated nidway (Fig. 8),
and opposite this epiphysis on the body of the tibia there
is an invagination covered with very fine hairs, The epi-
rhysis and the hairy invagination compose the antennal
cleaning apparatus (Fig, 9). On the distal end of the tibia
of each middle-leg is present a pair of such spurs, one of
which is about half the len~th of the other (Fig. 10). The
posterior tibia bears two pairs of spuras, one near its
middle and the other on its distal end (FPig, 11), and in
cither pair one spur is alw£ys halfag long as the other.
The tarsus of all thellégs:is five-segmented, the first sep-
ment being the largeéfL The pretarsu§ (Fig. 12) is composed

of two claws, two hairy auxilliary sclerites, two pulvilli,



Fig. 6: Frontal view of the mesothorax,

cg, coxa of *he mid-leg; ¢.m, coxa meron; c,v,
coxa vera; Sg, sternum,






Pip, 7: Frontal view of the metathorax,

¢z, coxa of the hind-leg, c.m, coxa meron;
c.v, coxa vera; Plp, metapleuron; sz, sternum.
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Fige. 8: The forg-leg.

c, coxa; £, fTemur; Spu,, spur; t, trachanter;
tb, tibia; ts, tarsus,
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Flge 93 The antennal cleaning apparatus on the fore-leg
(enlarged) .

f, femur; spu;, spur; tb, tibla,
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Fig., 10: The mid-leg,

c, coxa; f, famur; spuj, distal pair of spurs;
t, trochanter; tb, tiblaj ts, tarsus,
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Fipg, 11: The hind-leg.

¢, coxa; f, femur; spy, distal pair of tibial
spurs; spug, middle palr of tibial spurs; tb,
tibvia; ~s, tarsus,
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Fir, 12: The pretarsus,

Aux, auxiliary plate; cl, claw; e, empodium;
fp, ungitractor plate; ft, flexar muscle of claws
p, pulvillus; ts.5, fifth tarsal sesment.
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and an empodium, Each claw is forked distally into two
pointed ends and has a tooth on its outer margin, The pre-
tarsus 1s supported by a median unruitractor plate to which

is attached the apodeme of the flexor muscle of the claws,

2. The Wing-Venation (Fip, 13) :

The fore-wing.--The three veins above Cuy & in the

fore-wing are the three branches of the median vein, Mz, li,
and My. At the upper corner of the main cell (R-cell) an
arcole or small closed cell (Rl—cell) occurs, Above the
median vein Mj is the radial vein (R) which consists of two
main branches R] and Rg. The vein Rg 1s divided into its
four branches, Ry to Ry, which all originate from the areole
or the Rj-cell, The subcostal vein (Sc¢) is simple and un-
forked and lies above the radius, The uppermost marginal
vein is the costa (c¢), Below the median vein Mz, the R-cell
of tho fore-wing gives off the vein Cuja and then Gu,b. The

lowermost vein of the fore-wing is the anal vein 14,

The hind-wing,--In the hind-wing, the midial veins Mg

b ®

and M5 are stalked with Cu1 about its middle. Above the
main stem of Cuy, the bases of the veins Se¢ + Ry, Rg, and I
are fused into a common stem from which Sc + Ry first bran-
ches off as a single vein and then follows a common base for

the veins Rg and Ml, whiclh separate from each other towards
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the middle of the hind=wing, Below Cul; are three anal
viens, the vein 34 belng very small and confined to the

base of the hind-wing,

3. The Winr=Coupling fLipparatus

The winc-ceupling apparatus of Prodinia litura is of

the frenate type with a retinaculum and a frenulum that dif-

fer in both sexes,

In the female adult, the retinaculum consists of two
sets of fine setae of hairs from the base of the subcostal
vein, while the lower set arises on the M + Cu vein (Fig,
14 B), From the upper surface of the hind-wing at the hum-
eral anpgle arises a swelling which bears three separate
bristles which represent the female frenulum (Fig, 14 C).

The anterior brisle 1s somewhat shorter than the other two.

On the other hand, the male moth has the retinaculunm
composed of but the large tuft of hairs situated near the
fused base of the tWO‘veins M + Cu on the underside of the
fore~wins and an additional sclerotized curved plate orisin-
ating from the thick base of the subcostal vein (Fig. 14 A)I
Moreover, the male's frenulum consists of but a single stout
bristle arising, as in the female, from a projection of the
upper surface of the hindewing near the base of the costal

vein (Fig. 13).



Fig. 14: The wing coupling apparatus.

L, retinaculum of the male; B, retinaculum of
the female; C, the frenulum in the female.

\
A, anal vein; M+Cu, the media and the cubltus;

R, the radius; rt, retinaculum; Sc, subcosta,
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c) The Abdomen,

As in other Lepidopterous moths, the abdomen consists
of the usual ten sepguments (Figs. 15 and 16). The sternum of
the first abdominal segment is wanting., A pair of spiracles
is situated on the lateral sides of each of the .abdominel
segments 2-7 (Fig. 15 B). The terminal segments of the ab-
domen are modified to form the male genitalia and the female
ovipositor., In both the male and female, the abdominal ter-

gites 1-8 possess sclerotized shlelds.

1. The Female Ovipositor @

In the female moth of Prodenia litura, the ninth and

tenth abdominal segments are modified to form a tube which
acts as an ovipositor (Fig. 15 A). These two segments are
retracted within the eighth segment by means of apodemes.
Also, the eighth segment is retracted within the seventh
abdominal segment by another pair of apodemes, The opening
of the bursa copulatric, which 1s used for mating, is seen
clearly at the posterior end of the eighth abdominal ster-

nite,

2. The llale Genitalia (Pigs. 17, 18, and 19) :

The male genltalia of Prodenia litura consists of the

ninth and tenth segments of the sbdomen, However, the
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O.25 mm.
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Fig. 18:

The male genitalia (dorsal view).

Led, aedeagus; hed.m, aedeagus membrane; C1l,
claspers; ed, editum; ej, ejaculatory duct; gn,
gnathus; hrp, harp; tg, tegumenj unc, uncus;
ves, vesica,






Fig, 193

D

The malo genitalia (ventral view),

Aed, aedeagus; Cl, claspersy ed, editum, e],
e jaculatory duct; gn, gnathus; hrp, harp; tg,
tegumeny vinc, vinculum,
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nomenclature used here 1s adopted after Imms(1957). The
vinculum, which is the ninth sternite, is situated below the
aedeagus and attached to the anal angle of the harp., The
latter is large and broad and carriee internally three large
claspers and a fourth smaller one, The ninth tergite com-
poses the tegumen which is elongate in shape and bears at
its terminal end a stout sickle~shaped spine, the so~called
uncus which is considered to be the tenth terglte, The
gnathus 1s composed of two triangular plates situated be-
neath the basal part of the uncus, This‘gnathus is also
considered to represent the tenth abdominal sternite., The
anal opening ls present between the two plates of the gna-
thus, The editum, 1is composed of a slender - gsheped plate
situated towards the upper side of the aedeagus, The latter
is enclosed in a sheatl and possesses or triangular sclerot-
ized plate from its inside, The vesica, which is an evers-
ible part from the distal end of the aedeagus (Tuxen, 1956,,
bears a strong triangular spine, the so-called cornuti.
According to Tuxen, the cornuti penetrates into the bursa

copulatrix of the female during copulation,



V. INTERNAL ANATOIUY

A) The Central Nervous _System,

The central nervous system 1s divisible into the
brain, the suboesophageal ganglion,:nnd.the ventral nerve-
cord, The brain lies in the head-capsule just above the
pharynx, It 1s joined to the suboesophageal ganglion by the
circumoesophageal connectives, The suboesophageal ganglion
is situated partly at the posterior end of the head=-capsule

and partly in the prothorax,

The ventral nerve-cord consists of elght ganglia,
three thoraci: and five abdominal, The suboesophageal and
the first thoracic ganglia are connected together by two
very short connectives, The first and second thoracic gan-
glia are united together without any obvious longitudinal
connectives and lie both iIn the second thoracic segments.,
The third thoracic ganglion is rather small, slender and
joined to the second thoracic ganglion by two relatively
long connectives, The five abdominal ganglia lie in the
first, second, fourth, fifth, and sixth abdominal segments,
respectively. The fifth abdominal genglion is larger than
the other abdominal ones, The conneg¢tives joining the first

abdominal ganglion with the thirad thoracic are very thin and



Fig. 20:

The central nervous system,

a3-a5, first and fifth abdowinal ganglia; b,
brain, o.c., circumoesophageal connectives; s.g,
suboesophageal ganglions th, first thoracic gan-
glion; thg, mesothoracic ganglion; thz, meta-
thoracic ganglion, '
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nearly as long as those joining the latter ganglion with the
second thoracic, The connectives joining the first and se-
cond abdominal ganglia are very short but thick, while all

the other abdominal connectives are rather long and thin.

B) The Digestive System,

1. The Alimentary Canal :

The alimentary canal is a tube running from the mouth
to the anus (Fig. 21). The cavity of the proboscis commun-
icates with the pharynx. The beginning of the latter is
enlarged into the so-called pump which has powerful circular
muscular walls and also provided with dilator muscles which
pass outwards from between the flbres of the circular mus- |
cles to be attached to the head-capsule (Fig. 22 A)., Accord-
ing to Imms (}957), when these dilator muscles contract the
pharyngeal cavity, or pump, is enlarged and a partiml vacuum
is created and consequently the pump becomes filled with an
ascent of fluid through the proboscis. The walls of the
pump then contragt, thereby forcing the food backwards into
the rest of the pharynx and the oesophagus and the closure
of the pharyngeal valve precludes the return flow down the
proboscis, Follow$ng the pharynx is the ocesophagus which is
a very long narroW tube that runs. backwards passing through

the head and thorax., Distally, near the posterior margin of



Pig. 21l: The digestive system,

An, anus; An.sph, anal sphincter; c.d.ag,
common duct of salivary glands; cr, crop, co,
colon; d.sg, duct of salivary gland; 1L, 1leum,
Mal,T, malphighian tube; lig, mid-gut; oe, oeso-
phapus, Rec, re~tum; Rec; gl roctal gland; sg,
salivary gland,
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Pig, 22:

A, Transverse section of the stomodaeal pump.
B, Same of the proboscis, '

b, blood; c.m, circular muscles; Cu, cuticle;
CV, food canal; D.m, dilator mascles; fc, fat
cells, pga, galea, In,intima; 1l.m, longitudinal
muscles; m, muscles of galea; n, nerve; Tr, trachea.
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the metathorax, the ocesophagus glves off a well developed
lateral crop, The latter is found at one side of the nid-
gut, extending to about the third abdominal segment, and
assuming the form of a large food reservoir connected with

the oesophagus by means of a wide mouthed channel,

The mid-gut is a long sac-like tube followling the
glizzard and passes backwards to open into the ileum, It
ocouples the first four abdominal seéments‘ The anterior
part of this fiid-gut 1s wider than the rest of it and has

the walls possessing external transverse ridges,

The hing-gut extends from the posterior end of the
mid-gut to where the anal sphineter begins. It is composed
of the ilcum, colon, and rectum, Six lMalpighian tubes are
rresent, each three being proximally combined together to
form a common short canal which opens laterally at the junee~
tlon of the mid-gut with the ileum, Distally, the six Mal-
pighien tubes arrange in pairs and each ends separately into
the rectal wall, The ileum runs backwards for a short dist-
ance and joins the colon which is relatively very long and
coiled. This colon is attached to the rectum at its anter-~
ior third, The rectun is a large wide tube which possesses

many rounded small inwardly projecting rectal palpillae,

The anal sphinter is the terminal part at the poster-
ior end of the alimentary canal, It is a short tube lined
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internally by the cuticle and the epidermls of the body-wall,
while externally it is enveloped by strong circular muscle

fibres,

The pharynx of Prodenia litura is eventually within

the head-capsul, The epithelium of the pharynx is mu.ch
folded inwards, It consists of cells with a smooth chitin-
ous intima, The epithelium of the oesophagus (Fig, 23 A)
and the crop (Fig, 23 B) is similar to that of the pharynx
except that the epithelial cells of the crop are much less
folded inwards, The intima of both the oesophagus and the
ecrop is smooth, except in the posterior part of the former

where the intima possesses sharp spines.

There 1s & well-developed oesophageal valve between
the fore-gut and the mid-gut (Fig, 24). As wiggleswarth
{1957) stated, this valve forms a mechanism for preventinh

regurgitation from the mid-gut to the fore~gut,

The mid~-gut is made up of a layer of columnar or cub-
ical epithelial cells which have striated borders, These
cells are enveloped by a lengitudinal layer of muscles foll-
owed externally by a circular rmucle layer (Fig. 25 A)., The
contents of the mid-gut are enclosed by a peritrophlc.mem~
brane which is nearly in contact with the striated border.

This membrane, as pointed out by Wigglesworth (1957), protects
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Fig, 24: The oesophageal valve,

c.m, circular muscles; Cr, crop; In, intima;
1.m, longitudinal muscles; Mg, mid-gut; Oe, oeso-
phagus; Pllb, peritrophlc membrane.
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Pig. 25

A, Transverse section of the mld-gut,
B, Transverse section of the ileum,
C, Transverse section of the rectum.

c.m, circular muscle; C,Rec, rectal epitaelial
cells; C.Rec.gl, cells of rectal gland; In, intima;

.1.m, longitudinal muscle; PMb, peritrophic membrane;

r.c, replacenent cells,
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the mid-gut cells from injury by the gut contents., There
are groups of deeply staining repenrative or replacement
cells at the bases of the large epithelial cells, These
replacement cells must have transferred from the larval
stage to the adult without taking part in the formation of

the imapginal mid-gut during metamorphosis.

The epithelium of the ileum is folded inwards along
six sides (Fig, 24 B) and its intima is smooth, The ileum
is invested by a thin layer of circular muscles oﬁtside
which there are six pairs of 3longltudinal muscles bands,
The colon also has the eplthelium folded inwards along six
sides, possesses a smooth intima, and has the same muscles as
the ileum, The epithelium of the rectum is very thin and
the rectal intima is smooth, There are numirous projections,
each made up of about ten larpge columnar cells forming a
rectal papilla and lying on the inner side of the rectal
epithelial cells, thus, producing & two layered structure
with a cavity between (Fig. 256 C), Wiggleswerth (1957) con-
siders that these papillae are sites at which water is con-
served by resorption from the faeces and throurh which inor-

ganic lons may also be resorbed,

There 1s also a well-=developed pyloric valve between
the mid-gut and the ileum (Fig, 26), This valve surrounds a

small chawber which is coated externally by a thick layer of



Fip., 263 The pyvloric valve,

c.m, circular muscles; 1L, ileum; l,m, longit-
udinal muscles, Mg, mid-gut; PMb, peritrophic
membrane,
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circular muscles followed by another layer of lonpgitudinal
muscle, This valve serves to regulate the passage of food

from the mid-gut to the hind-gut,

2. The Malpighlan Tubes :

The Malpighian tubes (Fig, 27 B) are invested in a
perlitoneal coat, The cells enclosing the lumen of the tubes
rest on a basement membrane, and the cytoplasm of the cells
shows the usual fine striation at the periphery., Each Mal-
pighlan tube has its lumen surrounded by about eight cells.
The striated border is composed of separate filaments which

are of more or less equal length,

3. The _Salivary Glands :

The salivary glands are a palr of simple convoluted
tubes which unite together near the anterior end of the head
capsule to form a common duct than opens at the beginning of
the proboscis, They lie on either sides of the fore-gut and
extend backwards until the first abdominal segment, Each
tube 1s composed of large epithelial cells that have numer-
ous striations near the lumen border (Fig. 27 A). There is
a chitinous intima. lining the whole tube. The tube is
coated by a thin layer of circular muscles followed extern-
ally by a thin layer of circular muscles followed externally

by a peritoneal membrane,
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c) The Circulatory Svstem and Its Associated Structureg,

1, The Dorsal Vessel :

The dorsal vessel is composéd of the heart and the
aorta, The eight chambers of the heart lie in the first
elght abdominal segments (Fig. 33). The aorta passes dorsal
to the alimentary canal into the head to the terminate below
the brain, The wall of the heart consists of bundles of
circular muscles and is connected to the dorsal diaphragm
and the body-wall with muscle-fibres (Fig, 28 A). There are
seven pairs of alary muscles which arise from the terga and
are attached to the walls of the heart, The pericardial
sinus contains some fat-body and blood cells. llasses of
pericardial cells lie on both sides of the heart, There are
few other pericardial cells which are arranged singly, All
the pericardial cells are vellowish-orange in colour and are

full of small granules and vacules.

The blood or haemolymph of Prodenia litura moth is

contained in the general body~-cavity, where it freely pathes
the various internal systems and also enters the appendages
ee well as the tubular cavities of the wing veins, It con-
sists, as in other insects, of liquid plasma and numerous
blood cells or haemocytes., In fact, Imms (1957) stated that

Yeager had recognized 32 types of blood cells in the larva



Fig. 28:

4, Upper portion of a transverse section in the
body.
B, Ventral portion of same,

Alm, alary musclesj ctm, connective-tissuei Cu,
cuticle; Ddg, dorsal diaphragm; fc, fat cells; h,
heart; Ng, nerve ganglionj Pc, pericardial cells;
Vdg, ventral diaphragm,
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of another species of Prodenia, namely P, peridania. Some
of these types are the oenocytoids, proleucocytes; Nematocy~-
tolds, llacroplasmatocytes, palaeocystocytes, and the rulti-

ramous plasmatocytes,

2. The Pat Bodies :

As in other insects, the fat bodies lie in two regions
of the body; one between the epidermis and the muscles, and
the other in the viceral cavity, The fat body of the first
region 1s composed of single or small groups of cells, In
the second region, the main mass of the fat-body has a roun-
ded nucleus and its cytoplasm is heavily vacuolated with
globules of cil-like fat (Fig, 29). Other‘granules are also
present in the meshes of the %acuoieted protoplasm, The fat

body 1s invested in a uelicate connective tissue membrane.

3. The Oenocvtes :

The oenocytes are composed of a group of large cells
situated in the body cavity close to each spiracle in the
abdominal Segnents, The cells are irregular in shape with
oval or rounded nuclei, The cytoplasm of the cells appears
to be densely packed with small granules, but there are also

some vacuoles,



Fig., 29: The fat-body.

ctm, connective-tissue membrane; gr, granules;
nu, nucleus; Ve, vacuoles filled with oil-like fat,
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Fig. 30: The oenocytes,

A,s;, air-saz; c.m, circular muscles; Cu,
cuticle; Oe, oenocytes; Tr, traches,
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D) The Reproductive System,

1, The Illale Reproductive System :

The male reproductive organs (Fig. 31) are composed
of two testls which are enclosed in a common sheath (scro-
tum) and lie below the mid-gut and beside the crop in the
first 2 to 3 abdominap segments, The testls are yellowish
in colour, From the testes come out two large veslculae
seminalis which open each into a narrow vas diferens., Each
vas diferens receives a very long and convoluted accessory
gland., Each of the two accessory glands ends freely at one
end towards the posterior end of the body cavity, while from
the other end, the two glands unite together to form a com-
mon thin ductus e jaculatorius which terminates at the base

of the aedeagus,

According to Irms (1957), two principal types of rep-
roductive systems are distingulsable in adult Lepidoptera,
In the first type, the testis are paired and each is enclosed
in a separate scrotum, This type is met with in the Iicro-
pterygidae, certain Saturniidae, Bombyx mori and others,
In the second type, the testis are fused and enclosed in a
common scrotum. In some cases, the paired nature of the
gonad is still evident, while in others the fusion is comp-

lete., This last type is the prevalent and usually the



Fig. 31: The male reproductive system,

ag,aecessory glands; Aed, eadeagus; ed, ejacul-
etory duct; t, testis; Vd, vasa deferentia; vs,
veslculae seminalis; unc, uncus,
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follicles are spirally wound around the longitudinal axis of

the gonad, It is evident that the testis of Prodenia litura

adult belong to the second type,

Each of the two testis (Fig. 32) is made up of a ser-
ies of tubular follicles, each of which enveloped by a layer
of epithelial cells resting on a basement membrane. Rach
follicle contains a succession of zones in which the six
cells are in different stages of development, The two tes-
tis are enclosed in a strong pigmented connective tissue
sheath, The wall of the vesicula seminalis consists of epi-
thelial cells resting on a basement membrane., The epithel-
ial cells at the beginning of the vesicula seminalis, at its
attachment with the testis, aré columnar, while they are
cubical in the rest of the vesicula seminalis and in the vas
diferens, The vesiculae seminalis are seen filled with sper-
matozoa. Each of the vesicula seminalis and the vas defer-
ens 1s invested in a connective-tissue membrane. In the vas
deferens there is a thin circularmuscle layer between the

epithelial cells and the connective tissue membrane,

The wall of the accessory gland is made up of a layer
of epithelial cells resting on a basement membrane and lined
with a thin chitinous intima, It is also surrounded by a
thin layer of circular muscles covered with a connective-

tissue membrane.,



Fig., 32:

Microséopical longitudinal section in part of the
testis,

ctm, pigmented connective-tissue; ep, eplthel-
ium enveloping the tubular follicles; f, tubular

follicle; Spz, spermatozoa; Ves, vesiculay semin-
alis,
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The wall of the ejaculatory duct consists of a thin
layer of epithelial cells which are folded inwards, This
ejaculatory duct is lined with a thin chitinous intima and

is surrounded by a very thick layer of circular muscles.

2. The Female Reproductive System :

There are two ovaries lying in the body cavity of the
abdomen on either side of the alimeﬁtary canal and extending
anteriorly until the second abeominal segment, Each ovary
consists of four ovarloles which open into the oviduct,

Each ovariole 1s an elongated tube in which the developing
egps occur one behind the-other in a single chain, The
older oocytes are situated nearest to the unlon with the
oviduct, The oocytes are seen inside their follicles owing

to their orangish colour,

The two lateral oviducts join to form the common ovi-
duct which joins the vegina, The latter opens at the post-
erior end of the ninth and tenth abdominal segments which

form the ovipositor.

The bursa copulatri, which serves as a pouch or for
the reception and storage o: the spermatozoa opens by a duct,
the seminal duct or ductus seminalis, into the dorsal wall

of the vagina, Also, the bursa copulatrix open at the
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A, Transverse
B, Transverse
pland,
€, Transverse
D, Transverse

section
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section
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vesicula seminalis,
reservoir of accessory

accessory gland,
e jaculatory duct,

c,n, circular muscles; ctm, connectlve tissue

membrane; In,

intima,
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outside by a special duct, the ductus bursa;lcn the eighth

abdominal sternite.

There are two accessory glands which open together
into a common duct, The latter opens into the dorsal wall
of the vagina, Each accessory gland takes the form ol a
long convoluted tube which opens in a small sac=like reser-
voir,

There is also a single receptaculum seminis which
possesses a terminal tubular gland and opens into the dorsal
wall of the vagina anterior to the opening of the common

duct of the two accessory glands,

Bach ovariole consists of a chain of developing ova
(oocytes), Each is composed of a layer of epithelial cells
resting on a basement membrane, and the whole ovariéle is
enclosed in a connective tissue membrane, The connective
tissue merbrane surrounding the four ovarioles in each ovary
Join together forming the so-called terminal filament, In

Prodenia litura, the ovariole is of the polytrophic type,

each oocyte has its number of nurse or nutritive cells enc=

losed in its follicle (Fig, 35).

The wall of each of the two lateral oviducts and the
comuon oviduct consists of epithél@al cells which rest on a

basement membrane and coated by a thin layer of circular



Pig. 35: 4, 4n enlarged ococyte,
B, Two oocytes.
ctm, connective tissue; fe, follicular epithel-
ium; n, nutritive cells; o, oocyte.
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muscles, The vaginal wall (Flg, 36 B) consists of inwardly
folded epithelial cells resting,as usual, on a basement mem-
brane and covered externally with a very thick layer of
muscles, The vagina is also lined with a thin chitinous
intima, The wall of the accessory glands(Fig, 37) is com=-
posed of the ordinary epithelial cells which rest on a
basement membrane, lined with a chitinous intima and coated
with & connective-tissue membrane. The epithelial cells of
the bursa copulatrix are lined with a thick intima and cov-
ered with a thin layer of circular muscles which is coated

by a connectlve~tissue membrane,



Fig, 37:

Cross section of the female accessory gland,
ctm, connective tissue membrane; In, intima,
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v. SUMMARY

1. The external morphology and internal anatomy and
histology of certain systems in the adult moth Prodenia

litura are described in detall in the present work,

2. The female moth of Prodenia litura is easily

differentiated from that of the male by its larger size,

colour, and by its longer and less hairy antennal segments.

3. The head capsule, mouth-parts, thoracic segments,
legs, antennal cleaning apparatus, wing-venation, and wing-
coupling apparatus, abdomen, male genitalia, and female ovi-
positor are figured and described in detall, The wing=-coup-
ling apparatus in the female consists of two sets of fine
setae comprising the retinaculum and three bristles which
represent the frenulum., In the male, the retinaculum is
composed of one tuft of hairs and a curved platec while the

frenulum is made of one single bristle,

4, The central nervous system 1s divisible into the
brain, the sub-oesophageal ganglion and the ventral nerve=
cord, The latter is composed of eight ganglia, three thor-
acic and five abdominal, The first and second thoracic gan-
glia are connected together without any obvious external

connectives,
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5. The alimentary canal is composed of a pharyndeal
pump, a thin long ocesophagus, a lateral sac~like crop, =
small pizzard, a mid-gut which possesses replacement cells
at the bases of the large columnar epithelial cells, a short
ileum, a long colled colon, a large tubular-like rectum and
an anal sphincter, The latter 1s an invagination of the
body wall and surrounded with circular muscles. The rectum
has many small rectal papillae projecting inwards from its
wall, There are two labial (salivary) glands which open
with a common duct on the beginning of the proboscis, Each
three of the six lalpighian tubes open together by one tube
on elther side of the gut between the mid-gut and the ileum.
Each of the six malpighian tubes ends separately in the

rectal wall,

6., The dorsal vessel 1s composed of the heart and
the aorta, The former has eight chambers, seven pairs of
ostla, and seven pairs of alary muscles, The pericardial
cells, the oenocytes and the fat-bodies are described in

detall,

7. The male reproductive organs are composed of two
yellowish testis which are enclosed in a common sheath or
scrotum, two vesiculae seminalis, two vasa deferentla, and

two accessory glands, The latter consist of two reservoirs
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which lead from one end to two separate colled long glands
and unite in a single tube from the other end to join the
e jaculatory duct., The histology of different components of

the male reproductive organs as discribed in detail,

8. In the female, there are two ovaries, each com-
posed of four ovarioles, two oviducts, a common duct which
lecads to two accessory glands, The bursa copulatrix bas
its duct opening to the outside on the eighth abdominal
sternite and is also connected to the vagina by a thin
seminal duct, The histolngy of all the female reproductive

orgens 1s described in detail,
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