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Steacture and Developmentofthe Alimentary
ganal of the Southern Armyworm Larva
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Entomology and Plont Quarantine
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INTRODUCTION

Knowledge of the internal anatomy and physiclogy of insects is
egsential in the investigation of toxicalogical problems,  In prepara-
tion for such work the present study was undertaken to learn the
structure, microscopic nnatomy, and postembryonic development of
the alimentary canal of the larve of the southern armyworm {Pro-
denig eridania (Cram.) ). Cytological studies and more detailed de-
seriptions will be included b future veports on the special problems
with which such studies are partienlarly concerned.

The southern armiyworm larva is well suited us a generalized in-
sect Tor experimental purpuses. It brceds readily in small cages and
is easily reared in large numbers throughout the veur on its natural
food plants. It feeds on a vartety of plants and has » fanly rapid
development. In size it is conventent for dissection amd observation,

This larva is used extensively in Investigational work on digestion
in leat-cating insects and the eflects of varlous inseeticidal compounds
on the digestion and absorption of foodstuffs, which is carried on as
a special reseavch problam. It is essential that definite information
as to the morphology of the digestive tract of the normal insect be
available if the results of this investigational wark are to be correctly
interpreted. This study was theretore made as a purt of the work on
digestion and translocation of foodstufls in insects,
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The southern armyworm is a typical lepidopterous larva and one
of a heterogencous group of noctuid larvae known as armyworms.
The group has been reviewed by Crumb (8, 9)2 A technical de-
seription, by Dyar, of the egg and larval stages is included in a paper
by Chittenden and Russell (7). The species oceurs in the lower
Austral faunal avea and is probably of tropical origin. It is de-
structive to various field and truek corps in the southern part of the
United States {7, 87).

The larvae are about 12 nun. long at hatehing, Matwre larvae
range in length from aboul 39 to 46 mnu.. and in breadth from about
6 te 7.5 mm. The average weight of such larvae is about 960 mg.
About half of this weight is due to ingested material within the ali-
mentary canal. The larvae develop in six stadia, requiring about
17 days at 27° (.

An_examination of the few defailed aceounts of the anatomy of
the atimentary eanal of lepidopterons larvae reveals a diversity of
structure even among closely related species.  Bspecially helpful is
a comparative study of the morphology of the alimentary canal of
Iepidopterous larvae. including species of Noetuidae, given by Dau-
berschmidt (20). Bordas (3) described the alimentary canal and
the Malpivhian tubules of the Inrva of cach of several representative
species oi Lepidopters. including four species of the family Noc-
tuidnz, and Snodgrass (24 .27) has deseribed the alimentary canal
of noctuid species.  Shinoda (23) made a comparative study of the
histoeytology of the midgut. of several species of Lepidoptern.  There
18 no report in the lterature on the alimentary canal of the larva of
the southern armyworm. Tn its general featnres it is similar to the
alimentary canuds of other lepidopterous lavrvie that have been
described.

MATERIALS AND METHODS OF STUDY

The larvae used in this study. with the exception of the late sixth
instars, were reared on fresh turnip folinge in wn ineubator at 27° C.
The late sixth insiars (60 or more hours past the fitth molt) were
rearad on the foliage of living turnip plants in a greenliouse in-
sectary.  Actively feeding larvee were selected amd conserved for a
time on fresh. elean lenves in o clean eultwre dish, in order that sand
grains or other hard objects that mav have been present in the lumen
of the eut wonid be eliminated.

For the study of tthe microanatomy the paraffin methad was em-
ployed.  Larvae for study were selected and fixed during and im-
mediately atter the hateh, hefore and inmediately aftor each molt,
at 3. 12, 24, 36. and 48 honrs after each molt. and al other suitable
times. Larvae of the first four instars were killed and fixed jn Car-
noy and Lebrun’s mixture. Larvae of the ffth and sixth instars
were killed by immersion in hot water (at 60°-70° C.) and imme-
diately dissected. and the desived tissues were removed and dropped
into Bouin’s picro-formol-ncetic fixative. Serial sections of whole
Inrvae and of isolated gut tissues were cut from 8 to 104 in thick-
ness, in both the transverse and the longitudinal planes. A thiclkness
of § to Tp was usually most satisfactory. The sections were stained

* Italie numbers in parentheses refer to Liternture Clted, p. 27,
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with Ehrlich’s hematoxylin and counterstained with eosin or
erythrosin.

Studies of the gross anatomy were made on living and freshly killed
larvae, and on lving dissections in normal saline. The study of
the musculature was facilitated by maceration of the material in
MacCallum’s macerating fiuid.

The illustrations were drawn at suitable magnifications with the
aid of a camera lucidn. Mieroscopic measurements were mude with
un ocular micrometer in 8 10X or 15X ccular, and with a 1.8-mm.
oil-immersion objective. The terminology used by Snodgrass (:25)
1s employed. The hisiological methods nre those of Lee (18) and
Guyer (74).

GENERAL DESCRIPTION OF THE ALIMENTARY CANAL

The alimentary canal (fg. 1) i a straight tube extending from
the mouth directly througl the head. thorax. and abdomen to the
anus.  Since the larva is o continuous feeder, the canal is normally
distended by ingested materials and may occupy most of the eavity
of the thoracic and abdominal regions, ~The walls of the canal ave
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Fioure 1.—4, Lateral view of lale sivth-dustar southern armyworm, showing
the location of the alimentary canal, the lLubial plands, and (e Malpighian
tahwles in pelation o the hody segments, X2 F, Outline of head of late
§t.th instar, dovrsal view, with the right half of the craninm and the thoracie
integament eut away o show the relation of the cephalie stomodacun to
the head parts, X10. ¢, Gutline of hesd of Infe gixth instar in median
longitudinal derroventral section, to show the relprion of the cephalie stomo-
dacum to the head pavis, X10. 2. dodian Iongitudinal dorcsoventral section of
first instar, age 9 hours, showing the alimentary canal, X$0.
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elastic, permitting the configuration and dimensions of the tube to
vary according to the quantity and distribution of the ingested ma-
terinl that is present jn the lumen. The wall may become distended
in either the cireumferential or the longitudinal direation, accord-
ing to the region, but the distension is generally m the cireumferen-
tial divection. Except for constant folds in certain vegions, the
distended wall is smooth. The collapsed wall is wrinkled erosswise
or lengthwise.

The alimentary canal (fg. 1, A) consists of three primary divisions,
the foregui or stomodaetin (stom), the hind-gut ov protodaeum
(proe), and the midgut or mesenteron (ventriculus) (mens). These
divisions ure easily distinguishable by the unaided eye. The midgut
is thick-walledl wherens the foregut and the hind-gut- ave thin-walled
and nearly transparent. The junction of the midgut with the hind-
aut is well above the point of atiachment of the Malpighian tubules
in the posterior part of the pylerus. TUnder the miscroscope the
junction of (he midgut with cach of the other two divistons 1s geen
to be marked precisely by the abrupt cessation of the characteristic
epithelimm of the midgut and the beginning of that of the other
Qivisions. Both the wuseulature and the intima also vary in the
different regions.

Phe dimensions of the alimentary canal and its divisions vary
sccording to {he individual, the degree of its exiension, and
the gquantity of materiad in the Tumen, as well as with the stage of
development.  The length of the canal of & full-fed and moderately
extended larva iz approxivmtely 44 nun, The average lengths of
the primary divisions are. approximately. § mm. for the foregut.
7 mm. Tor the midgut. and 8 nu, for the hind-gut, It is seen (hat
in the mature Imwa the nidgut s approximately three times as
long as either the foregui or (he hind-gnt. In the early nstars
(fie. 1. 7Y the three divisions are more neavly equal i fength.
Csnally the midgut is about one-fourth louger than either of the
other two divisions,

The foregut and the hind-gut wre divided into several regions.
Those of the foregut are difienlt to delimit even under the micro-
scope, The regions of the hind-gut. on the other hand, ave easily
distingrmishable by the unaided eye. )

In histologien] section the wall of (he alimentary canal presents,
snoorder, (1) an enveloping membrane of connective tissue, (2) one
or two layers of muscle fibees or bundles. (3) a basement wembrane,
(4) n single layer of epithelial cells, aud (8) an intima in the
foregut and in the hind-gut, and a sheath of detached maierial in
{he midgut known as the peritrophic membrane. The funetional
snd stroefural charaeteristies of the musculature, the epithelial celis,
and the intima vary greatly according to the region,

The evtoplasnt of all the musele fibers of the alimenfary canal
is delicately erosz-strinted.  The strinfions are clearfy visible with-
ont staining or other speeial prepavation. '

The basement membrane 35 nsially indistinguishable from the
substance of the bases of The epithelial cells that rest upon it. In
places where it s detached enongh to be seen as a separate strue-
ture, it appears as n distinet, sharp, dark, and continuous line ap-
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proximately 0.3u thick and adhering clozely to the epithelial sheet
(fig. 5, A, bmb).

MOUTH PARTS AND LABIAL GLANDS

The mouth parts (fig. 1, B and ') have the well-known biting and
chewing type of structure nsually found in lepidopterous lavvae.

The wall of the preoral eavity vesembles that of the body wall of
which it is a continuation. The tall columnar type of epithelial cell,
which is charactevistic of the body wall, ends abruptly at the poing
where the wall of the preoral cavity becomes that of the foregut and
is replaced by a very different type of epithelial cell to be described
as characteristic of the anterior pharynx,

The labinl glands (fiz. 1, 4, lebgl} ave two simple, elongate tubes,
which lie In the body cavity alongside the alimentary canal and
extend wsually from the metathoracic segment into the abdomen as
far as the fourth abdominal segment. In the late sixth instar they
are about 0.87 mm. in diameter at the large anterior end and taper
gradually throughout their length of about 16 mm. to a dinmeter of
about 0.25 mm. at the posterior end. A duct proceeds from tha
large anterior end of each gland through the thoracic cavity and into
the neck region of the larve, where the two ducts unite to form a
common duct, which is prolonged into the head and opens in the
spinneret borne distally by the prementum.

FOREGUT (STOMODAEUM)

The general structural characteristics of the foregut, or stomo-
daeum, are constant throughout larval life. A great increase in
size occurs.  The following description is based on the late sixth
instar except where specifically stated otherwise.

The foregut (fg. 1, 4, stom) extends through the head and thoras
and joms the nndgut usually in the region of the third thoracic
gegment (metathorax). The total length increases from approxi-
mately 0.3 mm. in newly hatched larvie to 9 or 10 mm. in mature
larvae. The diameter of the Iumen of the cephalic portion in mature
larvae is approximately 0.5 mm. The walls of the entire portion in
the thoracic region are elastic and capable of great distention. This
part may occupy almost all the free space within the thorax when
the Jumen is filled with food materials, and in this condition it may
have o diameter of approximately 5 mm. When not distended the
walls fold inwardly. The diameter of the tube of larvae that have
not recently ingested food, and especially of starved larvae, becomes
rather small, similar to that of the portion in the head. The walls ara
thin and transparent, permitting easy observation of the food mate-
rials in the lumen,

The foregut is elearly differentiated into several vegions by struc-
tural characteristics and functional specializations. These regions
ave designated as the mouth, the buecopharynx, the eosophagus, the
crop, and_the proventriculus. The actual points of demarcation
are not well defined, but the nature of the musculature and the charac-
ter of the epithelium, the intima, and the internal structures serve
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to differentiate the purts structurally. Separate regions discharge
the functions of ingestion. conveyance, and storage of the food mate-
rials, and their subsequent conduetion inte the midgut.

The wall of the foregut is continuous with that of the preoral
cavity.

A chavaeteristic of the epithelium thronghout the foregut is the
increase in size of the constituent cells with increase in size of the
foregut during Inrval growth. No evidence was found of increase
in numbers through division, or through developmient from regen-
erative cells as in the mideut. Henson (77} found {hat in Fenessa
wrticae (L.) {Lepidoptera) the foregut grows by inercase in size of
the cells but not by increase in cell numbers.  Trager {29) found that
in Aedes qegypti (L) (Diplera) the foregut grows by increase in
cell size.

MovrH AND BUCCOPHARYNX

The mouth les Letween the bases of the mandibles and is the
anterior opening of the foregut.

The most anterior region of the foregut is the pharynx. The
buceal cavity is structurally undifferentiated from the phlarynx.

The posterior Timit of the pharyngenl region of lepidopterous
Iarvae is a matier of question. The portion of the foregut immedi-
ately posterior to the nerve ring may be regarded as o parvt either
of the cesophagus or of the pharynx (73, 25). The fact that dorsal
dilator muscles arising on the vertex of the head are inserted in this
region Indicates that by definition (25) it is a part of the pharynx,
and it 1s so regarded in this discussion.  The porlion of the foregut
anterior fo the perve ring is designated as the anterior pharynx (fig.
1, B and O, eph} to distinguish it from {he portion posterior to the
nerve ring and designated therefore as the posterior phavynx (pph).
For convenicnce in description the pharynx will be regarded as
delimited posteriorly by a group of huge and widely spaced muscles
that encircle the canal in the necl region and probably function
as a sphincter.  They are here designated as the pharyngeal sphincter,

The pharynx as defined is located within the head and neck of
the larva. In Iate sixth instars it is approximately 1.5 to 2.0 mm.
long, narrow in the anterior or head part, and widened in the ex-
treme posterior part {fig. 1, B, ). The pharynx is chavacterized
by its musenlature, the insertions in its wall of dorsal dilator muscles
originating on the frontal and dorsal arveas of the head wall, a dis-
tingt type of epithelial cell in the anterior part, six internal longi-
tudinal ridges beaving small teeth, and two large internal structures
in the region of the pharyngeal sphincter, which are formed ss
invaginations of the wall and bear numerouns large teeth.

The pharynx Is heavily muscled. The muscle fibers are connected
by numerous small branches. The measurements given below apply
to the late sixth instars {fig. 2). The muascle fibers of earlier stages
are smaller. The several lurge, closely placed cireular muscle bands
of the anterior pharynx (4, ¢/, emel), in fixed and stained prepara-
tions, ave approximately 30 to 48z broad. An cxtra large muscle
over the buccal eavity is ubout 65z broad. The muscles ave arvanged
in plaques, and the ends are attached to the intima, The muscles
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lying nearest the nerve ring in the posterior pharynx (B and )
are narrower (17 to 36x) than those in the anterior pharynx. The
largest and most posterior cireular muscle of the pharyngeal-
sphincter group (), in fixed and stained preparations, measures
about 64 to 120u in width. If gives off numerous large longitudinal
branches posteriorly to the oesophagus and crop, and many smaller
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Freukse 2—Cirenlnr musele fibers of pharyax of Inte sixth Instarg of the
southern armyworm. 4, Cirenlir muscle fibers of naterior pharynx, showing
also brunches of a diluter muscle nnd entrance of the branehes between
the eircular musele fibers, X85, B, Cirenlnry muscle fbers of posterior phar-
Fux, X6o0. €, Transverse sections of much flattened civenlar muscle fihers
of posterior pharyax, X180. D, Large cirenlar muscle fiber marking pos-
terior fermination of pharynx, with the second cireular muscle fiber of the
pharyngea! sphineter and lonpitudinal branches given off to the cescphagus,
showing branehing and uniting of fibers on ocesophagus, XG5

branches to the pharynx. Anterior to this muscle are about four
smaller circular muscles {25 to 54p broad), which are irregular in
direction slthough roughly paraliel to the largest circular muscle.
These muscles are widely sprced, the five extending over a distance
of approximately 750p. They are connected by numerous small
strands of fibriline. Underlying the layer of circular muscles is a
layer of longitudinal fibers, which originate as branches of the cir-
cular rouscles. They are more numerous in the posterior pharynx,
The entrance of the several branches of a dilutor muscle between
the circular muscles of the unterior pharynx is illustrated in figure
2, 4, and attachments of two branches on the intima of the wall of
the anterior pharynx are iliustrated in figure 3.

The anterior pharynx possesses a distinet and characteristic type
of epithelium. The cells are comparatively large, measuring in
late first instars approximately T.4p in greatest diameter, and in
late sixth instavs up to 50z or more in diameter. They are much
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enlarged distally and frequently detached from one another basally.
The cytoplasm is granular and stains uniformly. The nuclei are
distinct, centrally located, snd large, measuring 3 to 4p in diameter
in late first instars and up to 21p in late sixth instars. Typieal cells
are seen in figure 3, epthe. The epithelial cells of the posterior
pharynx are much smaller (7 to 164 high in mature larvae). The
nuclei are distinct. The cells are closely
pacleed in the epithelinl layer, and the cell
boundaries are indistinet or absent.

The intima of the pharvnx of late sixth
instars (fig. 3, én) ranges m thickuess from
about 10 to 164 near the mouth and from
abouwt 3 to Bp in the rest of the pharynx.
In the first instar the intima of the poste-
rior pharynx is approximately 1.0 to 2.04
thick. The comparatively thick external
zene of the Intima Lying next to the epithe-
lial Jayer is funely striated and laminated.
The internal zone next to the gut lumen is
thinner, morve compact, and hyaline in
appesrance. Numerous small, fine teeth
cune 8—Transverse see-  upre supported Ly the inthna and project

El?:lllrg?gxn%%e I‘élté“";?;:;‘_' outward into the lumen. Some of these

instar southern aprmy- teeth arve illustrated in saggital section in

worn, X290, figrure 8, £ The teeth in this reglon average
about 534 in length.

The wall of the pharynx is disposed in six longitudinal ridges,
which project into the lumen and extend from the buccal cavity to
near the posterior end of the pharyngeal region. They are observ-
able in freshly killed Iarvae as well as in sections, and appear to be
of constant form, although they may allow for expansion of the
wall as the lumen becomes distended. One ridge is located dorsad,
one ventrad, two dorsolaterad, and two ventrolaterad, They are most
prominent near the anterior end. As they sre prolonged in the
posterior pharynx, they become gradually less prominent and dis-
appear as the pharynx widens in the neck region. The extreme
posterior region of the pharynx is wrinkled transversely. Figure
8 is a transverse section of the anterjor pharynx and shews a part of
a ridge with the epithelial cells {epthe), attachments of branches of
a dilator musele (brdm), the intima (in}, and teeth (#) on the ridge.

Two large invaginated structures (fig. 1, B, pinwst) bearing nmmer-
ous teeth are found internally on the ventrolateral wall in the region
of the pharyngeal sphincter. They have essentially the same struc-
ture in all instars. Viewed dorsally they ave elongate-oval in shape
and are orientated with their longitucdinal axes lengthwise of the
canal. The sphineter as a whole embraces these structures during
contraction. These structures may easily be observed in the intact
pharynx merely by slitting and spreading the dorsal integument of
the neck and thorax and Iooking tE ough the transparent wall of the
pharynx immediately back of the head. Each of the st -ictures is
an invagination of the wall of the pharynx. The basal part is
narrow and forms a peduncle supporting an enlarged distal part.
The distal part in late sixth instars is nbout 640 to 750 long
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and about 130 to 200x broad. The structure projects upward from
the rest of the wall to a height of about 500 to 400x. The height prob-
ably varies greatly according to the physiological condition of the
structure, The peduncle is heavily musclied. The large and numer-
ous muscle bands are inserted in the inthma of each side of the strue-
ture. Longitudinal museles are present near the base.  The epithelial
cells of the distal part are large, the cell boundaries are distinet, the
cytoplasm is reticular and stains uniformly. and the nuelei are large
and distinet and stain deeply (fig. 4, A, epthe). The epithelium of the
peduncie is narrow and otherwise similar to that of the rest of the
wall of the posterior pharynx. The intima is thin, measuring abount
2.1 in thickness in both the peduncle and the distal part. The
intima {(/n) of the distal part of the structure supports numerous large

Frocre 4—o4. Horizontal section though une eorner of distal part of an in-
vaginated postpharyigen) structure of e sixtb-ivstar soulhern arnmyworm,
X220, B, Longirudinal secfion of n looth lecaled on the anferior end of au
invaginated postphiaryngeal strocture of Inwe sinth-instar southern army-
wornm, X700,

teeth (#), which project info the humen.  Figure £ shows, 4. several
of these teeth ns they appear in a horizontal plane, and 2, a longitud-
inal seetion of a tooth, A lumen extends {rom the anderlying eyto-
plasnt to near the rip of the tooth. The structure appears to be o
direet conlinuation of the intima. The teell are vaviable in size,
the iarger ones in sixth instars being 10 to 22 high.

The funclion of the structuves ix problematical.  From their posi-
tion and structure it appears likelyv that they assist the sphincter
muoscies i forming a valve for retaining the solid particles of food
materials passed baek to the cesophagus by the pharynx. The strue-
tures with their backward-projecting teeth may form an effective
barrier, since {hey may partially occlude the lumen when it is ve-
stricted 1 size by the contraction of the sphincter museles.  Observa-
tions of the region in feeding larvae tend to confirm this view.
Because of the transparency of the wull of the foregut. the structures
and food materinl are easily observed in the intact organ. In
vecently fed larvae the crop and vesophagus may be distended by
food materizls. Althoeugh paciced Gghtly up te the region of the
pharyngeal sphincter and these pharyngeal struetures, the lumen
anlerior to the sphincter is usually free of ingested material.

To test the cffectiveness of the pharvyngeal sphincter as a valve,
the head of a well-fed sixth instar was cut off immediately baek of
the oceipital foramen, and just untevior to the sphincter. The region
immediately became constricted and held hack the food material in
the crop and oesophagus, even under extra pressurve.

264591 1— 2
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The larvae may be induced to regurgitate by applying pressure
on the thorax. The regurgitated material is & Huid containing plant
pigments and suspended chloroplasts, but no sold particles of the
size ordinarily bitten off by the insect.

From ihese observations it is concluded that the pharyngeal
sphincter, probably assisted by the invaginated structures, forms an
effective barrier agminst the veturn of food materials fromy the
oesophagus. If the teeth are provided with nerves, they may trans-
mit stimulating impulses to the underlying muscles, and perhaps also
to those on the wall of the pharynx. The writer has found no
description of corresponding structures in the Hterature he has
reviewed.

OESOPHAGUS

From the pharynx the oesophagus gradually enlarges until it
joins the crop. Functionally the cesophagus and tue crop appear to
be undifferentinted. The musculature is similar and continuous over
both regions. A group of three to five larpe, cireular muscles is
regm'deﬁ as marking the division between the two. As defined, the
oesop}l}mg’us of the Jate sixth instar is approximately 1 to 2 mm. in
length.

The musculature of the oesophagus and crop is a network, Tt orig-
inates as posteriorly directed branches from the pharyngeal sphincter
muscles, which, by dividing and reuniting, form a plexus over the
wall (fig. 2, D). In general the character of the musculature in the
two regions is very similar, but it may differ somewhat in the direc-
tion of the main branches and in the shape of the meshes. In the
oesophagns the main branches tend to run longitudinally, and the
meshes tend to be narrowed. In the distended crop there is less
tendency toward a longitudinal direction, and the meshes are larger
and more rounded. Longitudinal branches of the -cireular
muscle fibers of the proventriculus unite with the muscle fibers of the
crop. The laxrge, cireular musele fibers between the oesophagus and
the crop give off small branches that connect with the underlying
Plexus of muscle fibers. They differ from the muscle fibers of the
pharyngeal sphincter in Dbeing smaller and lying closer together.
The mndividual fibers in stained preparations from late sixth instars
mesasure 30 to 54p in breadth,

The epithelium and the intima of the oesophagns are shmilar to
those of the crop (described below).

Crop

The crop, or mgluvies, is between the oesophagus and the proven-
tricnlus. It is the largest region of the foregut, and in late
sixth instars extends approximately 3.0 mm. in length. The
musculature. of the crop is a_continuation of that of the oesophagus,
which has been described. The wall (fig. 5) through the oesophagus,
crop, and proventriculus is composed of a comparatively thin epi-
thelial sheet (epth) and a thick intima (én).” The epithelium is
homogeneous and has the character of a syncytium. The cytoplasm
is granular and takes stain uniformly. The nuclel are disfinet and
ovoldal. In stained preparations the thickness of the epithelial
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layer of late sixth instars is usually between 3 and 6u, al-
though it may vary between 2 and 17¢. The intima in the same
preparations usually varies between 7 and g, but may vary between
5 and 15u.

Ficure S.—Longitudinal secilons through walls of erop and proveutricnlus of
a late sixth-instar southern armyworm. 2, Crop, B, Proventriculus.
X290, .

PROVENTRICULUS

The proventriculus Is simple in structure and probably functions in
regulating the passage of food material into the midgut and in
preventing its return te the crop. In living preparations of the
alimentary canal the wall of the proventricular region may be ob-
served, under certain conditions, to constrict violently and regularly
as food material is forced from the crop into the midgut.

When both the crop and the proventriculus are distended by food
materials, the two regions are indistinguishable by the unaided eye.
The proventriculus ot the late sixth instar is approximately 2.4 mm.
in length and is characterized by widely spaced cireular muscles.
The epitheliin and the intima (fig. 5, B) ave similar to the corre-
sponding structures of the oesophagus and erop.

The musculature of the proventriculus (fig. 6) differs markedly
from that of the other regions of the foreput. It consists of about 15
to 20 large, circular muscle fibers con-
nected by numerous small branches.

The fibers give off branches which ex-

tend in all directions, especinlly lon-

gitudinally. In fresh preparations

of lnte sixth instars the muscle fibers

range in width from about 21 to 53n

or more. They may lie adjacent to

one another, or they may be sepurated Freuee 6.—Cireular muscle fibers
by distances of 60 to 200x or more of proventriculus of late sixth-
(fig. 5, #). Tiguro 6 shows purts of - Q80 ST T oon
two circular musecle fibers with their connections, X 6.
interconnecting: strands and branch-

ing. The underlying longitudinal muscle fibers are numerous and
irregular in direction,

Nuinerous smail muscle fibers that arise as branches of the muscle
fibers of the proventriculus extend longitudinally external to the
circular muscle fibers and are attached at the junction of the pro-
ventriculus with the midgut. Dilator muscle fibers orginating at
the junction of the first and second thoracic segments of the body
wall also pass forward over the foregut to IT]e ingerted on the
midgut.
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STOMODAEAL VALVE

The structure usually called the stomodacal valve is formed as
a simple invagination of the posterior end of the foregut into the
anterior end of the midgut. The wall of the midgut is continuous
with that of the foregut. The two lamellac formed by the invagina-
tion of the foregut wall remain together in fresh preparations, al-
though separation is easily accomplished by teasing with needles
under a binocular microscope, and they are free from one another
as observed in histological sections.

In the empty or partially filled lumen the invaginated portion
hangs loosely. Since, however, the lumen is normally filled with
food material moving in the caudal direction. the wall is usually dis-
tended and the invaginafed portion of the foregut is pressed against
the wall of the midgut.

The epithelial layer and the intima of the invaginated wall are
in general similar to those of the proveniriculus. Near the junction
with the midgut the wall is formed in a small Joop. The epithe-
lial layer in the loop is made up of well-defined and comparatively
Iarge cells, which may function (I7) to regenerate the epithelium
of the foregut during metamorphosis.

The muscular layer is absent from the invaginated wall. The
muscle of the proventriculus, and likewise of the midgut, terminates
nt the jonction with no speeial development at that point. The
function of retaining the food material in the midgut against pres-
sure appears to be borne enfirvely by the well-developed muscle
fibers of the proventricnlus.

MIDGUT (MESENTERON)

The midgut, or mesenteron, changes little in general features,
except In size, during larval growth. The length increases from
approximately 0.3 mm. in newly hatched larvae to 27 mm. in late
sixth instars. The cellular constituents of the epithelinm undergo
changes that will be described below. The deseription of the gross
anatomical features applies pavticulariy to the late sixth instar.

The midgut s a large, undiflerentinted tube of approximately
uniform diameter throughout its length. It extends from ite junc-
tion with the foregut near the posterior end of the thoracic region,
throughout the first six abdominal segments, and joins the hind-gut
usually in about the sixth abdominal segment. In feeding larvae the
wall of the tube is distended by food material in the lumen, making
the tube almost complefely fill the abdominal cauvity, The wall Is
of similar structure thronghout, but in consequence of its elasticity it
adapts its configuration to the contained ingested material. This
sometimes gives a superficial appearance of a differentiation into
regions.

The junction of the midgut +with the hind-gut is marked by an
abrupt cessation of the simple musculature and the comparatively
thick epithelium of the midgut and the beginning of the more com-
plex musculature, the comparatively thin epithelium, and the intima
of the pylorus. There is no special muscular development or struc-
Ture that might be regarded as a valve.
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MUSCULATURE

The muscnlature of the midgut (fig. 7) has essentially the same
character throughout the length of the division. It is much simpler
than that of the foregut or the hind-gut, and consists of an outer
layer of fibers extending longitudinally and an inner layer of fibers
extending circularly. In addition to the regular longitudinal mus-
cle fibers there are six large longitudinal bands, one paiv located
dorsally, one pair ventrally, and a single band on each side.

Y
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Figure T—>Musculnture of midgut of a lafe sixth-instar southern ATLYWGIN,
4, Circalar and longitodinal Abers drawn from whole mount, X290, B,
Longitadinal section from anterior third of midgat, X400, ¢, Transverse
sec’ion fhrough wall of midgut, X180,

The regular longitudinal fibers (fig. 7, A, B, 0, lmdl) are widely
spaced and occur at fairly regular intervals around the tube. In
the late sixth instar there are usually 17 to 22 fibers per millimeter,
As many as 228 per millimeter have been found in the late frst
instar. In fresh preparations they measure approximately 8 to 5z in
width in the first instar, and up fo 15 to 25, in the late sixth instar.
The distance between the fibers vavies according to the degree of
relaxation or distention of the wall. The fibers occasionally lie adja-
cent to one another in preparations. In apparvently normal distention
they are usually separated by a space of about Gp (3 to Yu) in the first
mstar and 70 (64 to 106x) in the late sixth instar. The number of
fibers around the tube is probably constant throughout development.
With increasing eivcumference of the tube the fibers simply become
spaced farther apart,

The muscle-fiber nuclei arve distinct, elongate, centrally located,
and regularly spaced.

Two large bundles of muscle fibers (fig, 7, €, hmelbd) extend the
full length of the midgut on the dorsal and two others on the ventral
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side, In unfixed preparations of late sixth instars these may measure
60 to 90u in width. Those in fixed and stained preparations have
usually contracted somewhat. The two muscles in each pair lie close
together. A single bundle of fibers ocoitrs on each side of the
alimentary canal. This muscle is much branched, especially near
its terminations at the end of the midgut. The longitudinal layer
of muscle fibers is covered by & very tlun peritoneal membrane (L,
pmb) and lies over a layer of circular fhers.

The cirenlar fibers (fig. 7, 4, B, 0, ¢mcl) are much smalier than
the Jongitudinal fibers and are eight or more fimes as numercus,
They lie close together or separated by narrow spaces,

PeritrorHIC MEMBRANE

The peritrophic membrane occurs as » detached sheath closely
surrcunding the food mass in the midgat, and extending into the
hind-gut. In histological secilons the membrane is usually separated
some distance from the distal ends of thoe epithelial cells, The space
between the epithelinm and the peritrophic membrane is clear, with
scattered granular material.  The peritrophic membrane may be
removed from the midgut entive with the contained food material
by pulling from the anterlor end. It is apparently produced by
the enteric epithelium as a whole (17, 26, 30} and serves to_protect
the delicate epithelium agninst the coavse material of the food.

ErtTaEnivM

The epithelinm consists of a single layer of highly developed

cells of three principal kinds—volumnar ov cylindrical cells, caly-
ciform or goblet cells, and interstitinl or regenerative cells. His-
tological evidence indicates that the interstitial cells become columnar
and caleyiform colls by differentintion and development. The colum-
nar and caleyiform cells are morphologically distinet. Al these cells
ocenr throughout the epithelial layer in all nstars, Representative
colls from the different instars as they appear in fived and stained
preparations are illustrated in figure 8.

The marked development of these cells is related to their function
in the elaboration and discharge of the secretions requived Yor diges-
tion, and in the absorption of selected products of the digestion and
transforence of the products to the hemolymph. The precise manner
in which secretion, absorption, and transterence of materials takes place
in the cell and the effects of these processes upon the cell are of much
interest and importance ; yet surprisingly little is known on the subject.
Turther knowledge of the activities of the cells under normal con-
ditions should aid in an understanding of the absorption and
disposition of ingested insecticides.

INTERSTITIAL CELLS

Interstitial cells of the insect midgut are comumonly regarded as
regenerative in function (25, 30). The derivation of columnar and
calyciform eells from interstitial cells in lepidopterous larvae has been
yeported by Henson (16) for Vancssa urticae and by Tchang {#7) for
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Galleria mellonelle (1.). The following account and discussion is on
oriIginal observations in the southern armyworm,

nterstitinl cells oceur singly and in groups threughout the midgut
epithelium in all insfars. Mulriplication by mitesis was not definitely
estabiished. The cells vary in form and appearance in such a manner
that, when the forms ave arranged serially, development of the prin-
cipni epithelial cells from small basal cells is strongly suggested.
Further evidence on this point wiil be given below.

Nidi (fig. 8, O, n/) vest on the basement memhrane between the bases
of the privcipal cells. Iach aidus i roughly triangular.  Numerous
epithelinl nuclei occur in the basal half of the nidus. The chromatin
material is eoarsely granular. The evtoplasm is homogencous and
stains more intensely with the hematoxylin stain than does that of the
older cells. The nuelel are surrounded by a very little extoplusm.
The greater quantity is found toward the distal part of the nidus. In
many nidi there are faintly pereeptible dividing lines extending up-
ward toward the distal part. These probally indicate boundaries of
forming cells.

Very small isclated eclls are seattered throughont the epithelial
Iaver, resting on the basement membrane between the baces of the
principal cells. They oceur singly, or several may occur together
(fig. 8, F, H). These cells are rounded basally. shghtly elongated,
and narrowed distally., The nueleus secupies alimost the entire basal
part, and is surronnded by deeply staining eytoplasm.

The interstitinl cells exist in ail gradations in size wp to fully ma-
ture cells.  The small and intermediate cells ave arranged singly or
in groups according to their probable ovigin from 1solated basal cells
or from nidi. Those sherter than fully mature cells ave also very
slender (fig. 8, . . /. ine). The celt wall is usually bulged about
the proportionately large nucleus, which is elongated n the direction
of the longitudinal axis of the cell.  The eytoplasm stains deeply with
hematoxylin.  Interstitial cells of the hieight of the principal cells
(R) take the hematoxylin stain in the same intensity as do the
mature celis.

The sequence of developnent and differentiation by which the prin-
cipal cells of the epithelium (fig. 8) appear to be derived from the
small basal cells is as follows: Embryoenic rudimenis on the base-
ment membrane add new cells, which grow upwavds between the main
cells and on reaching the height of the main cells differentinte into
colummnar (&) and calvciform (@) cells. During 2 period of further
growth the newly differentiated cells veach the {ull size and appear-
ance of the principal cells, Those destined to hecome columnar cells
inerease in diameter and develop a stviated border (R). Those des-
tined to become calyveiform cells develop a small goblet in the distal
part of the eell, which increases in depth (A, @) until it vccupies the
entire cell (7, &, P. T7) exvept a small basal part containing the nu-
clens.  As the goblet inereases in depth, the nuclens descends befove it
and hecomes recrientated to He with its longitudinal axis at right angles
to that of the cell. While the gublet deepeus the cell inereases in
diameter also.

This sugwested vole for the interstitial cell appears to be established
by observations of successive periods during the first and second
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Froune 8—Epithielinl cells from the midgut of the southern armyworm. A,
Primordinl columnar and ealyeiform epithelinl eells from first instar 10
minutes after hatehing. B, Primordial calyeiform epithelial cell from first
instur 10 minuntes after hatehing., €, I'rimordial ecolumnur epithelial cefls
from fivgt instar 4 hours after hatehing, showing clear sprees in eyfoplasm.
D, Primordial colummnar and calyciform epithelial eells from first instar 12

Continued ¢n next page.
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stadia. Here the progressive stages of development can be eusily
followed.

XNo form of interstitial eell was found duving the frst 24 howrs of
larval Jife. At 39 henwes theve were a Tew very small ceolls mud a few
midi i the anterior purt of the midgut. and 2 few slightly more elou-
gated ones m (he posterior part. Just before the first molt the cells
of the anterior part were much elongated, and (hose af the posterioy
part were eme-third to two-thivds the h['l_t_lht of the columnar cellz, and
numerous. At sge 60 hours. 3 Lours afier the muolt to the second
instur, there were already mumbers of interstitial cells as tadl as the
columnar cells. The evtaplasm had assumed the same staining quali-
ties ax the mature cells. These partially developed eelis were narvow.
and the nuelei were so Jarge that the vells were bulged about them,
At age 69 hours, 12 hours past the first molt. some of these tall. narrow
cells contained small goblets. Aong the developing interstitial cells
no disiinetive character was observed to separaie those that were to
become columnar from those that were to hecome calyeiform cells,
Nuot until the goblets appeared were the two distinguishable. and then
for several hours developient was toward inereasing diameter of Loih
the colwmmar and the calyerform ecells, and deepening of the goblet in
the calyerform cells.

Numbers of nihi and sl interstitial cella, isalated or u groups.
appeared just after the moll (o the second fnstar. There were also
partly developed eells which may have come over from the previaus
nstar,  Soon numerous nidi and all <izes of interstitial cells were
present, and his condition continued throughowt the rest of the

Frorug A—Cantnned.

hours after hatelting,  F. Primovdial columbay and ealyceiform eclls from
first instar 5 hours ofter hadchivnge M, A Dasnl interstitinl ecell from
first instur 30 hooars after hatebing 0 A developing interstitinl eell pushing
upwarids berween two primordial calumnar epithelind cells. from a first
insie 56 bours after hatebing amd ey the moelt 1o secowd  instar. I A
group of Lasal interstitial cells from o =eeond instar 24 ours afler the nwoit.
[, Two developing interstitinl colls between g1 colulusy sl g enlyeitorm
epithelial eell, from o seeond ipstar 45 hours after the moit. o, Three develop-
tng interstitinl colls pushite upwiards between (wo columnar epithelial cells,
froo a secowd instiar 48 hours after the molt, &L Pransverse section of a co-
Innoeir epithetial soll thraugh e aoeleas, feom a secomnd =t immedinlely
bfore the melr to thind instar, L. Tomsverse seetion of 0 calyeiforn opi-
thelind cell through e Jower pact of the goblet, froim a second Tostar Hinmedi-
ittely before the moll to third instar, W, A calyeifvrm epichelial cell in whivh
the oot extends over holf way toward fhe haxe of ihe cell, from o seeond
instinr innuedialely before the ol ne thivd instar. VoA fully developed caly-
eifogrm epithelinl cell from a third fusiar 5 hoars gfter the wolt, 6, A nidus
between fwa ¢olutnpnar epithelinl eclls £from a thivd instar 56 Lhours after
the mole. P, A ealyeiform epithelinl eell inowhieh (he pobler veaches nearly
to the hottom of the eell. from o fourth instar 3 hours after the molt, O,
Two ealyeiform epithelinl eedi= from o fouril instar M4 hweurs affer (he
molr. B, Five developiggz intovsiitial eells of ihe leight of the prioeipal epi-
thelind eclls. from a Htrh instar 2 hours after the molt. S0 A typical columnar
epithelial cell from the anterioe (hird of the midgur of a late sixth instar.
7. A columnar epithelial ecll fram the amterine parvt of the midaat of 2
Inte sixth instar, bheareinge o rlobaboe pravasion. £ A typieal columaae
epithelinl eoll from the middle third of the midanr of 8 Iate wixth inscar
T, A typical ealyeifurm epichelinl coll from the middle third of the midsur
of n late sixth insiar. TV, A typleal columuar epithelial eet! from the pos-
torigr third of the midgut of 3@ Lue <ixth inar, A < 5HL
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larval development. None were found. however, in the sixth instar
60 hours or more after the molt.  New columnar and ¢alyeitorn cells
therefore appear to be added continuously throughout larval develop-
ment, heginning early in the second stadivm aad ending some time
in the last stadivm.

COLUMNAR CELLS

OFf the different kinds of cells. those designated as colunmar celly
are the most conspicuous by reason of their numbers and appearance.
The term “colummar? or “cylindrieni” generally applied to cells of
this kind is scarcely descriptive. In shape and appenrance they are
vory variable, depending on the instar, on the stage of development,
on their location and physiological state, and on the degree of con-
traction or relaxation of the tube wall.  When the zut wi all is shr unken,
the cclls beeome laterally compressed, tall. and narrow. The cells
frequently approach the truly evlindrieal form (g 8, ¢ A SO
but. ave usually enlarged distally with wore slender basal eunds
(£. ¢ L 7.1 They are tall and elongaied in the divection of the
diameter of the gut. never along the anteroposterior axis. as occurs in
muny kinds of ingects.  Tenson (/7)) found that the latter condition
sometimes exists in larvae of Uanesse wrticae,

The colummnar cells of the posterior part of the midgut in all instars
are smaller and shorter {han those of the anterior part. The decrease
in size from the antevior to the posterior end is gradual.  The tloee
similar forins frony the anterior, middle, and posterior {hinds of the
midgut of the sixth instar. shown in figrure 8, S0 7, and W, are of
about average size and appearance Tor their respective vegions.

The individual eells possess distinet Tateral boundaries and exhibit
marked polarity,  They usually appear to cohere by their luteral sur-
fuces. Their slender basal ends rest on the basement membrane,
while 1he surfaces of the enlarged distal ends e exposed to the
gut Tumen.

The eytoplasm is finely granular.  Clear sparees sometimes oceur,
especially near the distal enil. Many of the cells ave Jongitudinally
strinted in the basal part.

The nueleus occupies a central position. usually slightly toward the
distal part of the cell. It is elongated in the direction of the longi-
tudinal axis of the cell, :

A striated bhovder is present on the free surface of the cells 1n all
insfars. It is present ax a low, brushlike border on the primordial
columnar epithelial cells at hatehing, and increases in height with
the subsequent development of the cells. T all instars the border on
the cells of the anterior part of the midgut is taller than that on the
smaller cells of the posterior part.  The striated Lovder is a delicate
stracture of apparently cytoplasmic origin. In fixed and stained
preparations it is marked with parallel channels or strine arranged
in the longitudinal axis of the cell.  Smee it 1s probable that secreted
and absorbed maierials pass throngh tlds structure. its purpose may
be to enlarge the functional cell surface. One function of these cells
must be to select the kinds of materials to be absorbed. No morpho-
togical part of the cell scems hetter suited by position and structure
to perform this act than the siriated horder. The structure and
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function of the border in other arthropods has been the subject of
ruch discussion in the liferature. The interested reader is referred to
the recent papers by Newell and Baxter (20) and Zilch (32) for
detailed discussions of the views expressed by different, investigators.

The primordial columnar epithelial cells that are present at the
time the larva leaves the egg have the general features of the full-size
cells that they later become. They differ in many ways from the
developing interstitial cells, which are found late in the first stadium
and thereafter throughout the remainder of the grovwih period. They
develep rapidly during the first stadium. Each cell approximately
doubles its height and its diameter, thereby increasing its size several
times. Immediately after the larva leaves the egg, the columnar
epithelial cells of the anterior part of the midgut average in height
approximately 22 mmni., in basal diameter approximately 4.8 mm., and
in dismeter of apex approximately 5.4 mm. The nuclei are ovoidal
in section and average about 8.3 mm. in length by 5.6 mm. in greatest
diameter. The cells of the posterior part of the midgut are smaller.

In sections prepared from larvae 10 minutes out of the egg (fig.
8, 4) the columnar cells are typically slender basally, expand shghtly
distally, and merge with adjacent cells in the distal part. A clear
space of variable size is thus left between the basal parts of adjacent
cells. This space extends upwards to the point where the adjacent
cells merge, which may be about half way up the cell, as shown in fig-
ure 8, 4, or much nearer the distal end. In some preparations no
space appeared between the cells, and in such instances the cell boun-
daries were often indistinet or impossible to discern.

The cytoplasm is usually homogeneous. It Is sometimes broken
up by clear spaces, as seen in figure 8. ¢. The nuclsus usually is so
inrge that the cell cytoplasm is bulged about it.

Later development (fig. 8, D, £, @) is accompanied by rapid in-
crease in the quantity of cytoplasm and subsequent enlargement of
the cells. The cells may be ahnost perfectly cylindrical () or ex-
panded distally (£7). Greater variance in shape exists toward the
end of the stadium (). The celis found near the end of the sta-
dium approach closely in size and appearance this kind of cell
found in all subsequent instars. The spaces between the bases of
the cells become smaller or obliterated entirvely, permitting the lateral
surfaces of adjacent cells to meet. To a limited extent, however,
spaces between the cells do persist throughout the first stadinm and
are found even in the second and third stadia. In the late part of
the fixrst stadinm and in all the other stadia the spaces are in part
occupied by interstitial cells. The lateral attachment of the cells is
apparently not firm, since the cells usually occur singly in tissue
smeurs of epithelium. The cytoplasm of cells in the early part of
the stadium more frequently contains large irregular clear spaces.
Later the cytoplasm is most likely to be finely granular and homo-
geneons. The nucleus increases m size and at the end of the sta-
dium 3s surrounded by considerable cyvtoplasm. The striated border
increases in height during the stadinm from 2.7x in the beginning to
5.3z near the end (measured in the anterior region of the gut).

At the beginning of the second stadium the columnar epithelial
cells of the anterior part of the midgut avernge approximately 46
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mm. in height, in basal diameter 10 mm.. and in dinmeler of apex
20 mm. The nueclei average abeut 16.9 mm. in length by 9.7 mm. in
greatest dimmeter. T6 i evident that during the first stadium the
gize of the eels has increased more than 10 timwes. Tull size s
reached early in fhe secoud stadium. The new cells that develop
from this point on do not exeeed, on an average. the size attained
by the first cells to mature.

Mature cells of the anterior part of the mideut of the lute second
mstar, and of the third. fourth, Gfh and sixth msiars, weagwre on
an average approximately 50.0 mmu in height, 125 mm. in basal
dinmeter. and 271 wm. in dinmeter of apex. The nuoelel average
about 2005 mm. in Jength by 126 nune in greatest diameter. There
s a tendeney for greater deviation from the mean average size with
succeoding instars,  The cells of =ixth instars may vary between 35
and TOp in height.

The cells of the Infer instars wually are closely appreszed laterally
and apparenily cohere.  However, it has heen ohserved in histolog-
ical preparations, even of the sixth instar. that cells in the posterior
part of the midgut are often distinetiy sepavated from neighboring
cells by a elear space.

The development of the cells during the early part of larval life
is regarded as o continuation of vmhnmm- processes.

There is a question regarding the significance of the globular pro-
trusions that are observed in hlhtrﬂngml preparations on the distal
ends of many of the columnar epithelial cells of late sixth nstars
(fir. 8 7). Sueh fonmations were never found in earlier instars, or
in the early part of the sixth stadnun, v series con be arranged in
which the globule s seen first in a period of apparent formation in
the distal end of the cell. then pushing through the striated border.
later as o bubble attached by a nurrow stulk extending tlurough the
striated border to the cell, and finally completely detached and free
m the area hetween the epithelium and the peritrophic membrane,
The globule 18 often clear. but ax often it is partially or compleiely
HAlled with granules that stain like these of the extoplasm of the cell.
Such formations in other speeies of mgects, including lepidopterous
farvae, frequently have been desceribed us probably seeretion vesicles.
Suggestions have been made that the formations may occur as a pro-
vess of cell disinfegration or as artifact, Among the many investi-
gators who have studied and discussed this question are Bourdas (4
7Y, Boelimann (6, Gehueliten (22). Haseman (75}, Henson {10)
Newcomer {17}, Pavlosky and Zavin (27}, Shinoda {22, 24). 8nod-
grass (29), Tehang (27). and Wigglesworth (7). In the southern
armyworm it appears unhkely that these forniations are related to
the secretory process, wher vh_\ digrestive enzymes are produced
throughout Inrval life. Feeding 18 continuous, and the kingd of food
ingested is unchanged throughout the larval periad. It follows that
secretion of (lllrestl\'e enzyvmes should likewise be continuous and
probably un(‘]].lnrrvd in kind or manner, The fact {hat these forma-
tions are found 0111\' in late sixth instars sogpests that the usual
mode of secretion must be of a different nature. The writer prefers
to interpret the globular protrusions as evidence of beginning disin-
tegration of che cells preceding the metamorphosis.
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CALYCIFORM CELLS

Calyciform cells ocenr throughout the midgut epithelium in all
instars. The ratio of calyciform te colminnar cells is generally about
1:3 or 1:2; occasionally it is 1:1. The ealyciform cells have never
been observed to exceed the columnar cells in number.

Calyciform cells are present in the epithelium at the time the larva
hatches (fig. 8, A, B). Tley increase in size during the frst and
second stacia at about the same rate as the columnar cells.

The fully developed calyciform cells (fig. 8, &, ) are usually
expanded in their middle part, slightly narrowed basally, and dis-
tally tapered to @ narrew neck which communicates with the gut
lumen. They are equal in height te the columnar cells, but are
generally narrower even in the widest part. They are therefore
smaller than the associated colummnar cells. The basal part of the
cell rests on the basement membrane and fills the spuces between the
more slender basal parts of the columnar cells. The lateral bound-
aries are always distinet.

The Iarge goblet ov calyxlike part occupies most of the cell. The
cavity appeared clear in the histological sections prepared for this
work. The inner wall of the goblet is lined by a structuwre (fig. 8, L)
that has the same aflinity for erythvosin counterstain as the strinted
border of the colummar cells, Tts position in relation to the rest of
the cell suggests that it may be an invagination of the distal cell
surface. Another basis for this conception is the probable sequence
of its development from interstitial cells, as outlined in the discussion
of these cells. It is therefore thought to be homologous to the stri-
ated horder of columnar cells. The invarination of the cell surface
would thus give a fur greater surface exposure than is had by the
columnay cetls. While strine and other structural details character-
istic of the striated border of columnar cells were not perceived,
this might be due to greater compactness of the siructural elements.

The cytoplasm and nucleus of the cell are crowded by the goblet
into the extreme basal part. The evtoplasm is like that of the co-
lumnar cells. The coarsely granular nucleus occeupies most of the
basal part. I is ovoidal and ix orientated with its longitudinal axis
at right angles to 1he longitudinal axis of the cell.

INTERRELATIONSIEIP OF TIIE THREE KiNDRE OF CELLS

The presence of ihree distinet kinds of cells in the midgut epithe-
lium brings up the question of their morphological relation to one
another. As to the interstitial cells, their position as young columnar
and calyciform cells appears well established by the morphological
-evidence. The great numbers in which they are produced sugpest
that their primary role is to increase the number of vegular epithelial
cells progressively during larval development. Their regenerative
function in certain lep:dopterous larvae is discussed by Henson (I6)
and by Tchang (27).

The morphological velationship of the columnar and the calyciform
cells of lepidopterous larvae has received much attention. Some
writers, notably Shinodn (22, :23) and Buchmann (6}, regard the
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two forms as homomorphous, whereas Henson (16) and Tchang
(26, 97) believe them to be dimorphous. Shinoda regards the dif-
ferent forms as tunctional variations of a single cell type. He asso-
ciates the functions of secretion and absorption with the colummar
phese, and states of senescence and rejuvenescence with the calyei-
form phase. The transition from one phase to the cther is shown
by the presence of cell forms that are intermediate in structure and
appearance. Tchang and Henson regurd the columnar and calyei-
form cells as distinetly different kinds of functicnal epithelial cells
and find that both are derived directly from the interstitial cells.

The fcllowing observations indicate that in southern armyworm
larvae the forms are dimerphous: (1) No intermediate forms were
found in the first stadium or early in the second stadiwm, even though
both celumnar and calyciform cells were present at the time the
larva left the ege and both these forms wnderwent develonment with
increase in size cluring this period. The presence of calyciform cells
at hatching would not in itself invalidate their status as senescens
cells, for digestion of yolk and egg chorion might slready have
begun. But the complete lack of any cells remotely suggesting
transition forms seems to rule out changes from the one form to
the other during this peried. {2) The forms present in the second
and later instars that might be taken for ftransition forms are more
Likely calyciform cells newly differentinted from interstitial cells.
{38} The evidence indicates that both forms in the later instars are
derived from interstitial cells,

An assumption that the calyciforrn and colummnar forms are dif-
ferent kinds of cells lends to the question of their respective func-
tions. The single kind of functional epithelial cell present in insects
acking culyciform cells resembles the cobunnur cell of lepidopierons
larvae in cytoplasmic charactervisties although it may be different
in shape. Since both functions are necessary, this cell must be both
secretory and absorptive. TFrom morphological evidence there ap-
pears {o be no reason why the coluannar cells of lepidopterous larvae
might not also perform both funetions. The goblet cell is not known
te be the only, or even the main, type of cell in any insect. It
appears less adapted to the function of absorption because of the
posttion of the cell surface within the poblet, where it is not directly
exposed to the fluids of the gut lumen. The cell may be secretory.
No evidence is available to revenl the nature of the contents, if any,
of the goblet. The cavity would appear to be a satisfuctory rveser-
voir for secretions. They might readily reaelh the gut lumen con-
tinuously or as needed through the narrow neck of the goblet.

GROWTE OF TIE MINDGUT EPFITHELIUM IN RELATION TO CELL S§IZE AND
CRLL NUMBRRRS

The growth of the midgut epithelium between hatching and ma-
turity of the insecl is due to the increase in the size of the epithelial
cells during the first stadium and the carly part of the second stadium,
and to the increase in numbers of cells throughout the remaining
Iarval stadia,

The primordial epithelial cells, both columnar and calyciform,
have been shown to Increase to several times their origiual size during
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the first stadium and reach full size in the early part of the second
stadium. No increase in numbers takes place during this time, al-
though by the beginning of the second stadium many of the interstitial
cells have attained the height of mature cells. The increase in size
of the midgut epithelium during this period must therefore be due
almost entirely to the increase in the size of the constituent primordial
cells.

The continued growth from the second instar fo the mature Iarva
must be sttributed entirely to the incrense in numbers of cells derived
from the large nunbers of regenerative cells, since the newly formed
cells do not exceed the primordial cells in size. Theve are approxi-
mately 55 cells in a transverse section of the midgnt of an early second
instar and 700 to 725 in the sixth inslar.  The inerease in numbers is
in approximately the same ratio as the inerease in the cireumference
of the midgut. No evidence of division of the functional epithelial
cells was found.  Their developinent in the larva is evidently & con-
tinuation of embryonic processes.

Henson (16} found that the midgut epithelinm of the larva of
Vanessa wrticae {Lepidoptera) likewise grows both by the increase in
size of the original cells and by the addition of new celis. Trager (28)
found that the midgut cells of Bombyz mori (Lepidoptera) increase
in length during the first and second stadia in proportion to the length
of the body, but during the third and fourth stadia they remain of
constant size. No mensurements were made to determine the condi-
tion in the fifth (lnst) stadimm. The situstion is different for some
other Insects. Trager {28, 29) has shown that the increase in size of
the midgut epithelium of Lucifia sericate and Aedes cegypti (Diptera)
throughout lurval life is a result of n proportionate increase in size,
not in number, of the midgut epii‘he}ial cells. Berger (8) found
that in Crulex pipiens (Diptera) the functional midgut epithelial cells
increase in size throughout Iarval Jife but do not divide. Regenera-
tive cells replace those shed into the lumen and also increase the
number of functional cells. Abercrombie (2) found, in the Japanese
beetle (Popillia japonics Newm.), that increase in cell volume of the
midgut columnar eells is propertionzl to the increase in size {weight)
of the entive Jarva,

HIND-GUT (PROCTODAEUM)

The hind-gut, or proctodaeum, increases greatly in size during
larval development. The total length increases from approximafely
0.3 mm. in newly hatched Jarvae to 8 mm. in late sixth instars., The
general structural charncteristics ure constunt.  LExcept where specifi-
cally stated otherwise, the deseription thut follows is of the late sixth
instar.

The hind-gut (fig. 9, 4) extends directly from the posterior opening
of the midgut to the anus. The pylorus, ihe anterior intestine, and
the posterior intestine are distinctly differentiated. and their points of
sepuralion are marked by strong sphincter muscles.  The appearance
of the parts varies greatly according to the state of contraction and
the quantity and distribution of material in ths lumen. In the condi-
tion of moderate distention the three regions are approximately equal
in length. When strongly contracted longitudinally, the pyloric
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region may be very short. When fully distended, both the anterior
and the posterior intestine are globulur and sepurated by @ definite
stricture. The struclare between the pylorus and the anterior in-
testine is Jown as the pyloric valve, and that between the anterior
intestine and the posterior intestine as the rectal valve. It should
be pointed out that in lepidopterous larvae the proctodaeal or pyloric
valve is formed, not between the midgat and the hind-gut, but
between the pylorus and the anterior intestine,

The epithelinl cells gradually incrense in size during lurval devel-
opment.  They apparently de not inereage in numbers either through
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Fovne l—4, Ventral viow of hing-gul (peoctodaenm) of late sixth-ingier
senfhern armyworm, showing enirance of colleeting vessels of fhe Malpighian
tubuics, X+4. M, Longiindinn) section throngh wall of pylorus of lnle sixth
nsiar, X2, ¢ and O, Loogiudina seciion {hrengh wall of anterior {$}
and posterior {0 inlestioe of thivd insfar 50 hones afier the meld, showing
an epithelind coll and (he indima, X400,
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division  or through development Trom regenerative cells. Henson
(77} found that in Fenessa wrticae the hind-gut. grows by increase
in size of the cells and not by inerease in cell numbers.  Trager {28)
found that the hind-gut cells of Zveilic sericate continned to increase
i size throughout larval fife in the sue proportion as the body
length of the Iarva.

Pyronrs

The pylorus (8g. 9, A, py) is a well-developed region of the hind-
gut and forms a connecting link between the midgut and the intes-
fine. The anterior part is enlarged and ealyxlike, and the posterior
end is much constristed.

To the vnnided eye the enlarged anterior part may appear as a part
of thie midgut, It may reacdily be distinguished, however, by its
transparent wall and by an abrupt change in the museninture.

An internal eireulnr fold of the wall of the pylorus {fig. 8, 4, incf)
occurs at approximately the middie of the eniarged part. Invagina-
tions of the wall in the fold project anteriorly and posteriorly. The
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anteriorly direcfed invaginated structures in late sixth instars are
aboui 40 in number and appear as oval or elongate padlike thicken-
ings spproximately 100z long. Each bears numercus teeth about
Tw long. The epithelial cells are large with distinet nuclei, and the
mtima is much thickened on the distal part.

The much constricted extreme posterior part of the pylorus is
encircled by broad {about 80z) circular muscle bands, which le
close together and form a strong sphincter valve. the pyloric valve
{fg. 9, 4, pyr). The function of this valve is probably to regalate
the passage of material into the intestine,

The execretory diverticula (fig. 1, A, malt) consist of two groups
of three Mulpighian tubules. A short collecting vessel (fig. 9. A.
colry Tor each group of tubules opens ventrolaterally into the lumen
of the posterior part of the pylorus after having entered from De-
neath the pyloric sphincier.  Facl collecting vessel receives a Mal-
pighian tubule and another short vessel, which in turn receives two
more Malpighian tubules. Euach tubule is long, slender, und sinuous.
The walls uve thin, and ovoidal dilations arve frequent. All the
tubules extend forward, adhering closely to the wall of the midgut
to about the region of the third or sccond abdominal segment, turn
abruptly, and return along the wall fo the hind-gut. After many
ennvolutions in the region of the pylorus, each tubule finully enters
the posterior intestine near its anferior end. The lumen of the
- tubules contains numerons white crystals, and on this account the
tubules are conspicuously visible through the ventral body wall of
the larva.

The musculature of the pylorus consists of an underlying Iayer
of circular muscle fibers and an overlving layer of widely spaced
longitudingl muscle fibers. The region of the pylorus anterior to the
interngl eireular fold is swrounded by smaller civeular Gbers ubout
26u broad in late sixth instars, which le close together or separated
by a space equaling or less than the width of the fiber. They are
interconnected by strands of muscle tissue. The circular fibers lying
between the invaginated structures and the sphincter muscles are
broader (about 43x). Widely spacede and branching muscle fibers
extend Iopngitudinally over the circular muscle fibers. They are in-
serted beneath the sphincter muscle of the pyloric valve.

The epithelimn of the pylorus {fig. 9. B) is flat and averages
about 5.8 in thickness, with considerable variation. The cell bound-
aries are indistinct or absent. The nuelel ave large and distinet.
The cells of the extreme anterior end of the pylorus are much
larger (up to 28x in length) and have distinet boundaries. They
maey function (I7) to regenerate the epithelium of the hind-gut
during metamorphosis. The structure of the intima appears to be
similar to that of the foregut. It averages about the same in thick-
ness as the pyloric epithelium {5.8x} and also varies considerably.

ANTERIOR INTESTINE

The anterior intestine (fig. 9. 4. e¢inf) 13 an undifferentiated sac-
like chamber. The wail is thrown into numerous internal longitudi-
nal folds. The musculature consists of branching and uniting cir-
cular fibers arising as branches of widely separated (250 to 450u)
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and irregular longitudingl fibers. The civeulnr fibers in late sixth
instars ure about 37 broad and lie about 26 apart. In early
second instars they are about 2.5 to 4x broad and lie 5.3 fo
Tdp apart. They are interconnected by strands of muscle tissue.
The epithelial cells (fig. 9, ¢} are wm]mm,tl\e]v lavge (15 to 30w
in dianeter) in malure Iarvae and possess distinet Tateral walls.
The nuclet are distinet.  The intima is ¢hin.

The rectal valve (fig. 9, 4. recr) appears as a stricture between the
anterior intestine and fhe posterior intestine or rectum, Internal
longitudinal folds of the anterior intestine are prolonged into the
region of the rectal valve. The region is surrourded Ly broad
muscle bands (about 65 to 80p bl().ld) which lie adjacent to one
another o1 are sepmrated by narrow spaces (up to 21u).

PosTERION INTESTINE

The posterior intestine, or rectum, (fig. 9, 4. pint} is a secoud un-
differentiaied saclike chamber. Two thin membranes jie between the
basement membrane of the epithelium and the muscle layer. The
Malpighian vessels are disposed in convolutions in the space between
the epithelium and the membranes, and between the two membranes,
The civenlae fbers are small (about 10p broad) and lie close together,
forming a practically solid layer over the vectum. A lavge sphincter
muscle surrounds the anus. Dilator muscles that have their attach- -
nient in the body wall of the posterior segment extend over the rectum
and are inserted on the wall of the vecial valve and the anterior
intestine. The epithelium ancl intima of the posterior intestine are

similar to those of the anterior intestine (fig. 9, D).

Structures corvresponding to those descrihed as rectal glands in
varions inseets were not found. Reetal glands are JPported to be
present in adult Lepidoplera, but absent 1 theiv larvae (1, p. 243).

SUMMARY

The structure, microseopicanatomy, and postembryonic develop-
ment of the alimentary canal of the larva of the southern _ATmMY Worn:
(Prodenia eridenia (Cram.)) arve deseribad and figured in prepara-
tion for physiological and toxicologicnl Jnveatwntlon% on this insect,

The alimentory canal is similar to the .L]lment.wv canals of other
lepidopterous lavvae that have been described. The general infor-
mation egained from the study is already well known in the feld of
insect, anat omy. Specific information on the conditions found in this
particular species was vequired for practical reasons. No previous
worl has been reported.  The structure and developnient of each part
of the canal is deseribed.

The foregut and hind-gut increase in size by increase in size of the
constitnent cells, and ihe midgut increases pavtly in this manner but
primarily by increase in numbers of cells. The columnar and calyei-
form cells wre alrendy differentinted at hatching. They reach full
size during the second stadiun. Interstitin} cells arise during the
first st 1dmm, develop during the first stadium and the early pau't of
the second stadium, differentiate into calyciform and columnar cells,
and complete development. These cells wre of the sume size and
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appearance as those that develop from the primordial cells. New
epithelial cells are continuously produced throughout larval life by
development and differentiation from interstitial cells.

ABBREVIATIONS USED ON ILLUSTRATIONS

aint, anterior infestine, md, andibles,

ai, anus. ment, mesentercen {midgut).

ant, antenna. sittl, mouth.

eph, anterior pharynx. mez, maxilla.

bmb, basement membrane. 1, nuclens.

Jr, brain, i, nidus.

Hrdm, branch of dilator muscle. oe, gesophagus,

«¢lp, clypeus, p, parieinl.

emel, circular musele fiber. pint, posterior intestine,

eoly, collecting vessel of Malpighian p+invst, postpharyngenl invaginated
tubules. structures,

€r, Crep. ppdt, posterior pharynx,

dmel, dilator muscle, pre, preoral cavity.

epis, epistomal suture. prae, proctodaeum (hind-gut).

epth, epithelitmn. pron, proventriculus,

cpthe, epithelinl cells. pimb, peritotegl membrane.

fhp, globular protrusion, Py, prlorus.

in, iuntima. piv, pylorie valve, -

ine, interstitinl cell, recy, rectal valve,

fnef, internal cireunlar fold. eel. gavcolemns.

1abgl, labial glang. . surgng, suboesopbageal pofiplion,

fubhphy, labial hypopharynx, gy, spinneret, n

T, Jabroin. siom, stomodeanmn (foregut).

Imel, longtitudinal muscie fibers. stoma, stowodaeal valve,

Imeldd, longtitudinal muscle band. sfry, strinted border.

malt, Malpighian tubuleg, i, teath,

mcl, musele.
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(ravpe R, WIcKaun.
Iavn H. ArpLeny.
Grover B. I
Monse SALISIURY,

M, L. WiLsox,

AW, AL Jeae,

Loy IF. HeNDRICKSON,
Jasmes L Tanpixg
Mico R. Pergixs,

Seerctary of Agriculiure
Under Secrctary
Aszigtant Secrelary
Director of Infornuition
Dircetor of Ectension Work
Director af Pipanee
Dirceter of Persennel
Director of Rescurel__
Director pf Markeling.
Soticitor . .. MasTix (3. WHITE,
Land Use Qoordinator AL B, EISENHOWEN,
Office of Plunt und Operaionso e Anttite B. Tmarcieer, Chief.
Office of C. C'. O, Activities cmv FneEn W Morretn., Chief.
Offiee of Erperiment Stations oo oo Jases 1. Jagmiwe Chief,
Ofive aof Forcign Agrienllueal Relafionso-. 1811 A, WHEELER, Director,
Agricultural Adjustnent Adminigtration . T8 M. Bvass, ddminigtraior,
Brreaw of Agricattural Cliemistry und Ba- HENeY GO KNwGHT, (Chief,
ginecring.

Bureaw of Agricnitiral Econontics
Agricuttural Marketing Service

Burcan of Aninmad Industryf .cooeo oo ._

Conmmadily Credit Corporation__.. .
Commodify Brehunge Lduinistration

15 R. Torney, Chirf.

oW Krrenex, Cliief.
Jonx 1 dMonne, Chicf.
Can, T Roerwmxs, Fresident,
Joserr M. OAsn, Clief.

Burean of Duiry Tndustey Q. . Rewu, Chief.

Burean af FEnlomologn and Plant Quueran- Liew Al STooxa, Chief.
Line.

Farm Credit Adminisiration

Fearm Security duinistrolion. ..

Federal Crop Insirancee Corporalion Lekoy K. SMITIL Manager.

Farest Serviee Earie H. Crave, Aeting Chief.

Burcan of e Beonanitsd oo ] Lovise SraxLey, Chicf.

Litrary [ Harrir R, Sraw, Librarian.

Bureau of Phiut Industry B, ¢ AgoerTer, Olvief.

Rural Blectrification Adminigtration TTARNY SLATTERY. Administrotor.

Bail Conserretion Serrice H. L. BexxerT, Chicf.

Surplug Murketing Aiwinigfration__o_.._._ Mito 11, PerwIxs, Administrator.

A Gl BLacke, Garervier.
O, L4, Barpwiy, Addministrator,

This bulletin is a contribution frow

Bureen of Entemolegy and Plant Quaran- Ler A, 8troxg, Chief.

tine.
Division of Gonfrol Invesfigations._.. T.ox A, HawriNg, Priveipal Physi-
ologigt in Charge.
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