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SYNOPSIS

The anatomy and histolocy of the alimentar3’- 
canal and Malpighian tubules of the larva, pupa and 
adult of tv?o species of Callosohruchus are described 
separately. The rnetamorphic changes (anatomical and 
histological) of the above two organ systems have 
also been described in detail. Descriptions have 
been elaborated for Callosobruchus analis and made 
briefly for C, chinensis because they are very 
similar to C. analis.
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I. INTRODUCTION

Calloso'bruGh'us analls Fabricius and C, chinensis 
Linnaeus (Bruchidae : Coleoptera) are serious pests of 
stored pulse grains. Their postembryonic developmental 
stages are coBipleted within the pulse grains causing 

total damage of the kernels.

These beetles lay egt'® on the surface of the seed. 
After hatching, the 1st instar bores into the cotyledon 
of the seed with the help of its strong mandibles. The 
larva lives on the kernel and it grows enormously with 
successive larval instars. In all there are four instars, 
of which the 3rd and 4-th eat away the kernel voraciously. 
The larva stops feeding before the last larval moult, 
when its appearance changes a little. It is then called 
the "prepupa". Ma^or anatomical and histological changes 
of the internal organs begin from this stage.

The hollowed out grain appears like a capsule 
with the pupa inside it. Only a thin lining of the 
kernel remains within the seed-coat. The early adtilt 
does not leave its pabulum immediately after the pupal- 
adult moult, but it remains for sometime inside the 
seed till the metamorphic changes of the internal 
organs are complete. The adult insect eats the remaining
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part of the kernel before leaving the seed. It leaves 
behind excreta and exuviae within the seed-coat. Thus 
the infested pulse grains become absolutely denuded of 
any food substance.

A review of literature shows that many works were 
done on the biology and control of these two beetles, 
(e.g. Rehman et a^., 1942; Arora & Fajni, 1957; Srisan, 
1966; Rahman, 1971; Begum & Rahman, 1974; Rahman et 
1975; Huda & Rahman, 1982; Rezaur ^  aa. 1984), but very 
little has been done on the organ systems, specially the 
alimentary canal and Malpighian tixbules of these beetles. 
Only Vats (1976) made brief observations on the larval 
alimentary canal of C. analis while comparing them with 
other bruchid larvae, Saini (1964) referred to the 
cryptonephridial system of adult C. analis and 
C. chinensis. But no information is available on the 
metamorphic changes of the various organ systems of 
these two pulse beetles.

Metamorphosis of the organ systems of insect had 
been a subject of great interest among entomologists for 
a long time. Extensive works have been done on the 
anatomy, histology, and metamorphosis of the alimentary 
canal and Walpighian tubules of insects by many workers. 
From their findings it is obvious that there exists a 
lot of controversy regarding various metamorphic
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procedures in different insects. It varies greatly from 
one insect order to the other, and even among; the 
different mem'bers of the same family. For instance, in 
the Bruchidae, the metamorphosis of the midgut of 
Ana.nthoscelides obtectus (Say) (Bushnell, 1936) differs 
much from that of Callosohruchus maculatus F . (Paoni,

1967).
The present study has been taken up with a view to 

describe in detail the anatomical and histological changes 
of the two important organ systems, viz., the alimentary 
canal and the Malpighian tubules of two bruchid beetles, 
during metamorphosis. In doing so, the larval, pupal and 
adult alimentary canal and Malpighis.n tubules are described 
separately. Then their metamorphic changes have been 
described precisely. Descriptions have been elaborated in 
C. analis. Whereas the descriptions are very brief for 
C. chinensis. to avoid repeatation.

More emphasis has been given to the histological 
changes as the metamorphic processes differ much from 
one individual to the other and consequently there arise 
a lot of controversy. To overcome such confusion, the 
histological changes in the alimentary canal and 
I-ialpighian tubules have been precisely described, 
discussed and compared with other beetles, and a few 

insects of other orders.
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Two species of a single genus were selected for 
th.e present investigation with a view to find out the 
following ;

Firstly, if there exists any peculiar difference 
in the anatomy and histology of the alimentary canal and 
Malpighian tubules of these two closely allied species 
living in the same medium* And secondly, to obtain a 
comparative picture of the metaraorphic changes in these 
two organ systems if any, among two closely allied 
bruchid beetles.
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II. MATERIALS AND MTHODS

Rearing
Adults of Callosobruchus analis and C. chinensis 

were collected from a ready stock culture maintained at 
50.0^C and 70-75^ R.H, in the Institute of Food and 
Radiation Biology (IFRB), AERE, Savar, Dhaka which was 
previously known as Radiation Biology Division at Dhaka 
and IPCORI at Tongi, A few adult beetles were collected 
from that stock culture and reared at room temperature 
(29.0®G + 3.5^C) in the Department of Zoology, University 
of Dhaka for constant and ready supply of the various 
developmental stages of these insects.

In the departmental laboratory, the stock culture 
was maintained in petridishes or glass jars. Grains of 
Moong pulse (Phaseolus radiatus) were used as the media. 
They were disinfested in an incubator at a constant 
temperature of 70®C for about three hours. A little amoiant 
of the pulse was kept in a covered petridish or a glass 
jar, the mouth of which was covered with a fine piece of 
cloth. To start a colony, a few female adults were allowed 
to lay eggs on these seeds for about an hour. Then either 
the insects were separated from the medium or the egg- 
containing pulses were transferred to another similar 
container.

The egg-containing pulses were then examined from 
time to time. From each medium a few seeds were soaked
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in. water for about five minutes to make them tender and 
softer. Then the seed coat was removed, and the specimen 
was taken out of their grooves with the help of fine 
forceps and needles under a stereoscopic binocular 
microscope. Their developmental stages were determined 
by counting the number of exuvae present inside the 
kernels, by their morphological characters, and their 
relative body lengths, etc. Normally, four larval instars, 
prepupa, pupa, and adults were examined six-hourly.

Dissections
The dissections were made on a microscopic slide 

or a petridish under a stereoscopic binocular microscope. 
Dissections were performed in the following saline 
solution :

10?̂  Sodium Chloride = 9.0 ml
10% Aqueous Calcium chloride (anhydrous) = 0,3 ml
Distilled water = 90,0 ml

A few drops of saline solution was poured over it 
before dissection. During dissection, the required organ 
system was cleaned by washing away the xinwanted tissues 
with the saline solution, A dark background was used 
which made it easier to see the desired organs of the 
insect during dissection. Then the dissected out organs 
were placed either on a grooved slide for anatomical study 
or transferred to a second container for histological 
preparation.
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His-tology
Either the dissected organs or their parts, or 

entire animal were fixed for embedding,

(1) As the dissected organs and their parts were 
too small and difficxilt to see, they were first stained 
with aquatic eosin for a couple of minutes before placing 
them in the fixative solution.

Several fixatives were tried but aqueous or alcoholic 
Bouin's fluid gave the best result. After fixation the 
tissues were dehydrated through grades of ethyl alcohol, 
passed through xylol and then embedded in paraffin wax 
(melting point 58°C),

(ii) When the entire larva or pupa was fixed, the 
body was perforated at several places with a sharp needle 
allowing the fixative to enter into the body. Alcoholic 
Bouin’s fluid was used as the only fixative. The insect 
body was dehydrated through grades of ethyl alcohol. 
Embedding was through a modified Peterfi's Celloidin- 
Parafiin method (Pantin, 1960), However, Parlodion(^), 
a non-explosive cellulose nitrate (of Mallinckrodt 
Chemical works. New York & Montreal) was used instead 
of Celloidin,

A Cambridge Rocking Microtome was used for 
sectioning. Serial longitudinal and transverse sections
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were cut at Sections were stained with Heidenhein‘s
or Delafield's haematoxylin. Usually, 2 ,5 7 ° iron-alum was 
used as a differentiator. Often, the tissues were 
counterstained with eosin. Finally, the sections were 
Eioimted in Canada balsam after dehydration through alcohol 
and xylol.

Drawings were made with the help of a Camera lucida 
or a "drawing prism". Measurements were taken with the 
help of a micrometer. Photomicrographs were taken from 
the photographic section of BAUSDOC, Dhaka, and Bangladesh 
Diabetic Association, Dhaka,
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Ill, ALIMENTARY CANAL
A. ANATOMY

III.A. 1(a). ANATOMY OP THE LARVAL GUT OP C. ANALIS

The alimentary canal of Callosobruchus analls is 
a very spacious organ which occupies a major part of the 
body cavity of the larva. It commences as a tube of 
variable diameter from the buccal cavity and ends at the 
anus. The anterior and the posterior portions of the 
alimentary canal are almost straight V7hereas the middle 
portion is coiled and convoluted in a twisted manner. As 
in all insects, the larval alimentary canal is clearly 
distinguishable into three primary divisions - the 
forest or stomodaeum, the mid^t or mesenteron, and 
the hindgut or proctodaeum. In gross appearance the 
divisions are easily recognised, the midgut being larger 
and wider in the middle, whereas the foregut and hindgut 
at the anterior and posterior ends are narrow and slender 
(Figs. la, 1b, 2, 5, & 4), Moreover, in the late larva the 
foregut-midgut jtmction is made distinct by the antero­
lateral folds of the midgut wall which forms a slight 
bulge (Pigs, 2, 3, & 4). The midgut-hindgut junction is 
made prominent by the origin of the Malpighian tubules.

The length of the alimentary canal and its 
proportion to the body length of the larva in various 
instars of C. analis varies considerably (Table 1). The 
larval alimentary canal is about two times longer than
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the body length in the 1 st instar, two and a half times 
in the 2nd instar, three times in the 3rd instar, and 
more than three and a half times in the 4th instar or 
full grown larva of C. analis.

Table 1J Measurements of the body and the gut lengths 
in different larval instars of C, analis.

Instars Body
(mm)

Gut
(mm)

Proportion 
Body : Gut

1 st 0.85 1 .82 1 ; 2.14
2nd 1.15 3.05 1 : 2,64
3rd 1.45 4.50 1 : 3.11
4th 3.35 12.38 1 : 3.70

little information is available regarding the 
alimentary canal of bruchid larvae. Vats (1976) gave 
an acco\mt of the alimentary canal in eight bruchid 
larvae including Callosobruchus maculatus (F.),
C, analis (F,), Bruchidius satindersi (Jek.),
B. albizzaiae Arora, Bruchus pisorum L., Zabrotes 
subfasciatus (Boh,), Caryedon serratus (01.) and
C, languidus Gyll, Vats observed only the last instar 
larvae of the above bruchids. The alimentary canal of 
the 4th instar larva of the present material is quite 
similar to that of the last instar larva of C, analis
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described by Vats (1976), Description of the alimentary 
canal of another bruchid larva, Eruchus ouadrimaculatus 
Pahr. was given by Hukerjii (1939). He described in detail 
the larval mouth, parts which are similar to the mouth 
parts of C. analis larva. Mukerjii’s (1939) description 
of the larval alimentary canal of B. ouadrimaculatus is 
similar to the early instar larvae of C. analis. The 
larval alimentary canal of Tribolium castaneiom (Herbst) 
(Tenebrionidae) was described by Ameen & Rahman (1973), 
of three species of Catopidae by Strambi (1976), of 
several scarabaeid larvae by Areekul (1957), of 
Phvllophaga anxia (leConte) (Scarabaeidae) by Berberet & 
Helms (1972). Of those the alimentary canal of 
tenebrionid and catopid larvae is more or less similar 
to that observed for C. analis during this study except 
for a few minor differences. The alimentary canal of 
the scarabaeid larva described by Berberet Sc Helms 
(1 9 7 2 ) do not agree with the larval structures in 
C. analis. On the contrary, the alimentary canal of 
their adults show similarity in their morpholoe:ical 
appearance and disposition. However, the crypts formed 
by the midgut wall in the adult scarabaeid do not 
occur in C. analis larva.
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Fore/?ut
The foregut begins from the mouth which is situated 

at the base of the buccal cavity. The buccal cavity helps 
to en^lf food materials in large quantity and then release 
them through the mouth into the pharynx. The mouth parts 

S'Qalis larva is of a typical biting and chewing 
type which include a semi-circular and well muscularised 
labrum, a pair of large and well cuticularised mandibles 
with inward denticular processes, a pair of maxillae with 
various sensory bristles and hairs, and a labium with an 
attached sclerotized hypopharynx.

The foregut of the larva extends posteriorly as a 
short and slender \iniform tube within the head region and 
joins with the midgut at the posterior end of the 
metathoraz. It is introduced into the anterior tip of the 
swollen midgut like the stalk of an apple (Fig. 2).

The foregut of an early larva consists of two 
parts, the pharynx and the oesophagus (Figs, la, 1h» & 2), 
There is no morphological distinction between xhe pharynx 
and the oesophagus except the presence of dilator muscles 
in the former. But» the foregut of the full grown larva 
consists of the pharynx, oesophagus, and the proventriculus 
(Figs. 3 & 4). The proventriculus is the most dilated part 
of the foregut.

The length of the foregut with its divisions in 
relation to the body length of the larva in various 
instars of C. analis is shown in Table 2,

-  1 2  -
Dhaka University Institutional Repository



- 15 -

Table 2, Measurements of the body and foregut lengths 
in different instars of C. analis.

Instars Body
(mTTi)

Foreeut fmm)
TotalPharynx Oesophagus + 

proventricuius

1 st 0.85 0.06 0.07 0.13
2nd 1.15 0.08 0.09 0.17
3rd 1.45 0.18 0.25 0.43
4th 3.35 0.43 0,57 1 . 0 0

Pharynx
Pharynx is tiie anterior part of the foregut situated 

within the head capsule. It extends from near the frontal 
ganglion as a narrow tube passing through the cerebral 
nerve ring. It ends just behind the sub-oesophageal 
ganglion. The pharynx is always provided with a few bands 
of dilator muscles. The arrangement of the dilator muscles 
observed in the larval pharynx include a tuft of antero- 
dorsal dilator muscles inserted on the dorsal surface of 
the pharynx near the frontal ganglion, two ventro-lateral 
sets of dilator muscles lying on the two ventrolateral 
sides of the pharynx, and a tuft of postero-dorsal dilator 
muscles inserted on the dorsal part of the pharynx just 
behind the cerebral ring (Fig. 4). All these dilator
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muscles of the pharynx originate from the head capsule.
A fev; prominent dilator muscles were also observed on 
the dorsal and lateral surface of the buccal cavity.
But the exact nature and position of the dilator muscles 
on the buccal cavity v/ere not determined. However, these 
should be regarded as the buccal and cibarial dilator 
muscles. The arrangement of the dilator muscles on the 
pharynx of C. analis larva is similar in many respects to 
the larval pharynx of Coccinella septempTonctata Linn, 
(Coccinellidae) described by Fradhan (1939),

According to Snodgrass (1935), pharynx is the part 
of stomodaeum from which dorsal dilator muscles make 
their insertion. He further pointed out that the pre­
cerebral and post-cerebral pharyngeal regions are 
disting-uished as the "anterior pharynx" and "posterior 
pharynx" respectively, Ameen (1969) in Ptychoptera 
albimana F, (Ptychopteridae : Diptera) and Khattar (1972) 
in Schizodactylus monstrosus (Drury) (Schizodactylidae: 
Orthoptera) also found similar differentiation of the 
pharyngeal region. The same condition v;as also observed 
in the foregut of C, analis larva. The pre-oral portion 
of the larva of C. analis is represented by a very simple 
cibarial part, a food pocket which is an extrabuccal 
structure situated between the base of the hypopharynx 
and the clypeus.

- 14 -
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Oesopha/Tus and proventrlculus
The oesopha^s is morphologically similar to the 

pharynx except that is. has no dilator muscles. It a/-

continues from behind the sub-oesophageal ganglion as a 
straight narrow tube upto the apple-headed anterior end 
of the midgut.

The oesophagus is almost uniform in diameter 
throughout its length in the 1 st, 2nd and 3rd larval 
instars. But it gradually becomes conical or bulbous 
towards the posterior end during the 4th (last) instar.
This dilated portion of the oesophagus near the midgutjĵ  
end is a simple proventriculus. In fresh dissections 
this proventricular portion showed rapid and continuous 
contractile movements, more distinct than the other parts 
of the alimentary canal. This type of rhythmic movement 
probably exert a squeezing pressure over the epithelial 
folds along with the intimal articulation. This helps in 
grinding and ti-iturating the food materials entering into 
the rê >;ion. Thus, the food materials are broken down into 
finer form which then gradually pass through the 
oesophageal invagination into the anterior midg-ut.

It was also observed that the last instar (4th 
instar) larva becomes a vigorously voracious eater 
before pupal preparation. As a result, the larva readily 
takes a large amovmt of food materials at that time which 
are passed towards the posterior part of the foregut. The
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X

continuous rapid transpor-t of the food materials throuf^h 
the php.rynx and anterior side of the oesophagus is slowed 
down by the oesophageal invagination. This may cause the 
temporary blockage at the hindermost part of the foregut.
As a consequence, a large amount of food remain temporarily 
blocked in the area and as a result the adjacent oesophageal 
wall becomes dilated. Concomitantly the muscles and intimal 
articulations in the area also become more developed. All 
these lead to the formation of a simple proventriculus in 
the last larval instar of C , analis (Pigs, 3 & 4),

Oesopha/real or proventricular invag:ination
The oesophageal invagination is a part of the foregut 

directly introduced into the midgut. In most insects it 
strictly restries regurgitation of food materials from ^
the midgut to the foregut. The invaginated oesophageal 
part has been described by many recent workers under the 
name of "cardiac valve" (Bahadur & Kathuria, 1971,
Kathuria, 1972, Berberet & Helms, 1972, and many others); 
"Valvule stomodiale" - (Strambi, 1976), and "Valvula 
esofagiana" - (Goncalves, 1979); and "oesophageal 
invagination" - (Ameen, 1969; Ameen & Rahman, 1975»
Ameen & Imam, 1976, and many others). In the present 
investigation the term "oesophageal invagination" and 
"proventricular invagination" have been used in the 
early instars and late instars respectively.
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X.

The oesophageal invagination is not clearly 
distinguishable morphologically in C. analis larva. The 
anteriormost part of the midgut which is slightly wider 
than the rest of the midgut can be roughly considered as 
the oesophageal invagination.

Fiidgut
The midgut of Cj_ analis larva is a large capacious 

part which is very prominent in comparison to the other 
two regions of the alimentary canal. It is divided into 
two distinct regions, the anterior and the posterior 
midgut. The anterior midgut is more prominent, i.e., 
broader and longer than the posterior midgut. This 
regional differentiation of the midg-ut continue into the 
adult stage. Similar regional differentiation of the 
midgut has been described by Pradhan (1956) and Ameen 
(1 9 7 0) in Epilachna indica and E. vigintioctopunctata 
respectively. They described the anterior midgut as 
"straight proximal lobe" and the posterior midgut as 
"narrow coiled distal loop". These above terms cannot 
be applied to C. analis since the anatomical disposition 
of the midgut is not similar and identical in all the 
stages of development. Potts (1927) also observed such 
regional differentiation of the larval midgut in the 
mexican beam beetle, E~pilachna corrunta; such regional 
differentiation was not observed in the tenebrionid beetle,
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T, confusTjm (Sinha, 1958a) and T. castaneum (Ameen & 
Rahman, 1973). Regional differentiation of the mid^t has 
been observed in many beetles, e.g. by Woods (1918) in 
Altica bimarginata Say, Potts (1927) in Epilachna 
corrupta. Swingl^(1930) in Fopilla. Bigham (1931) in 
Asaphes memnonius Herbst., Schaefer (1931) in Sphaeroderus 
nitidicollis. Burgess (1932) in Epilachna cori.nipta Muls.^ 
Sundman & King (1964) in Anthonomus >̂;randis. Shukla & 
Kumar (1969) in Qdoiporus longicollis. Shukla & Upadhyay 
(1980) in Catharsius, and many others. Shukla & Upadhyay
(1980) used the term "anterior part or pre-midgut" and 
"posterior part or post-midgut". According to Vats (1976), 
the midgut measures more than 8 mm in the mature larva of 
C. analis. which confirmed the present finding, shown 
in the Table 3 .

k

Table 3. Measurements of the body and the midgut
lengths in different instars of C. analis.

Instars Body Midgut (mm) Proportion
(mm) Anterior Posterior Total I Ant.Mg. Post.Mg.

1 st 0.85 0 . 5 8 0.42 1 . 0 0 1 1.38
2nd 1.15 1 . 3 8 0.57 1.95 1 2.42
3rd 1.45 2.18 0.76 2.94 1 2.87
4th 3.35 6.84 1 . 86 8.70 1 : 3 . 6 8
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Anterior mldp̂ t

The anterior midgut in the early larval condition 
(1 st and 2nd instars) is a saccular tube which apparently 
looks like a simple slightly tortuous tube (Fig, 1b). Its 
anterior and posterior ends are narrower whereas the 
mid-dorsal part is dilated irregularly to form a dorsal 
convexity when the ventral surface remains more or less 

• flat or slightly curved along with the ventral body wall. 
In the 3rd instar, the anterior midgut becomes a broad 
tube, slightly broader towards the anterior end and 
gradually narrowing towards the posterior end (Fig, 2),
In this condition, there is a bend at the anterior end 
of the midgut. In the full grown larva (late 4th instar), 
the anterior midgut appears as a broad tube almost 
uniform in diameter throughout its whole length. In this 
condition the "anterior bend" portion of the 3rd instar 
lairva becomes straightend to form a tube of xmiform 
diameter (Figs. 3 & 4).

In all the above cases, the anterior midgut touches 
the mid-dorsal roof of the abdominal cavity.

Posterior midgut

The posterior midgut is a tubular part which is
shorter and narrower than the anterior midgut. It appears 
almost like a posterior tail-like prolongation of the 
anterior midgut. It is about one-third in diajaeter than 
the anterior midgut. It is coiled round the posterior end 
of the anterior midgut in the form of a single loop 
(Figs. 2 & 3).
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In the yo\mg larva (1st instar), the posterior 
mide-ut loop is not prominent. It is just a bend or curved 
portion along with the anterior saccular mid^t (Pigs, 1a 
& 1b). In the 2nd and 3rd instar, the posterior midgut 
coils round the broader anterior midgut in the manner of 
a single coil of watch spring (Pig. 2). In full grown 
larva, the coiling of the posterior midgut is loosely 
placed on the posterior end of the anterior midgut 
(Fig, 3). The proportion in length between the anterior 
and the posterior midgut varies increasingly with the 
development of the larva which is least in the 1 st instar 
and highest in the last instar larva, as shown in the 
table 3*

Hindgut
The hindgut of C, analis larva is a long tube which 

is convoluted in the form of a twisted "S" at the ileo- 
colon region. The rest of the hindgut including the hind 
portion of the colon and rectiim together is mere or less 
straight and spindle-shaped i.e. broader in the middle and 
narrower towards the two ends. The dilation of the colon 
is due to the external embracement or association of the 
distal parts of the Malpighian tubules in a convoluted 
manner. The part of the Malpighian tubules associated with 
the colon is generally known as "cryptonephridia" and thus
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the system involved is knovm as the "cryptonephridial 
system". The cryptonephridial system is an important 
aspect of coleopteran hindgut.

The hindgut of the larva is clearly divisible 
into the pylorus, the ileo-colon and the rectxim. The 
length of the hindgut with its divisions in relation 
to the body length of the larva in various instars is 
shown below.

Table 4. I-ieasurements of the body and the hindgut
lengths in different instars of C, analis.

Instars Body
(mm;

Hindgut (mm)
Pylorus Ileum Colon Rectum Total

1 st 0.85 0 . 1 0 0.17 0.25 0.17 0.69
2nd 1.15 0 . 1 2 0.25 0,55 0.55 0.95
3rd 1.45 0 . 1 5 0.54 0.42 0.24 1.13
4th 5.55 0.29 0.85 1 . 0 0 0.54 2 . 6 8

N> Pylorus
The pylorus is a short knob-like or funnel-shaped 

structure of the hindgut at the transition of the midgut 
and hindgut. Its broad end remains attached to the 
posterior midgut whereas the narrow end remaircwith the 
ileum. From the anterior tip of the pylorus a whorl of
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sis free Malpighian tubules originate. Two very short 
Malpighian tubules directly run towards the posterior 
side to meet with the colon. Due to the direct contact 
of these two Malpighian tubules between the pylorus and 
the colon, the intermediate portion of the ileo-colon 
remain in a singlej^looped condition. The other four 
Malpighian tubules extend forward along the midgut in 
the body cavity then reflex on themselves and extend 
posteriorly upto the colon region.

The pylorus of C, analis larva is similar to the 
pylorus of T. castaneim larva (Ameen & Rahman, 1973). 
Ampular attachment of the Malpighian tubules with the 
pylorus has been observed by Haridas & Anathakrishnan
(1981) in sixteen reduviids. The present investigation 
reveals that there is no such ampular arrangement of the 
Malpighian tubules with the p^orus. Each of the six 
Malpighian tubules originates independently from the 
apex of the pylorus. The basal part of the pylorus is 
provided with musculature which may act as a sphincter 
of the pylorus. Probably,strong musculature of the 
pyloric region helps in regulating the entrance as 
well as movement of the gut content including the 
fecal matters or excretory waste products in their 
respective pathway towards the exterior, Reinecke ^  
(1975, 1977 & 1978) worked on the musculature of the 
hindgut of lepidopteran larvae. Later on they proposed
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a hypothesis, according to which, "r-Iuscles of the pylorus 
contract rhythmically to press small quantities of ingesta 
and Malpighian waste into the ileum".

It was observed in fresh dissections that the 
alimentary canal of the larva is in constant rhythmic 
contractile movement which has been referred to as 
peristaltic movement" of the alimentary canal in 

T, castanexm by Ameen & Rahman (1973). Due to this 
activity of the alimentary canal food materials gradually 
pass towards the rectum via ileo-colon. This type of 
contractile movement was found to continue even more than 
half an h o ^ x r after dissection. Probably, due to this 
activity, the hindgut was found irregularly dilated in 
the fized specimen.

Ileo-colon

There is no clearcut external demarcation between 
the ileum and the colon of the larva. The ileum begins 
from the narrow end of the pylorus, extends backwards 
parallel to the posterior midgut, then t\ims towards the 
posterior side of abdominal cavity, thus making an angle 
between its two arms. The first portion of the ileo-colon 
near the pyloric region is the "ascending portion" or 
simply the ileal part. The second arm which extends 
backwardly is the colon portion and may be called as the 
"descending portion". The general disposition of the
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ileo-colon region of young C. analis larva is very similar 
to be larval ileo-colon of Apis melifera L, (Dobrovsky, 
1951).

The ileal portion is slightly narrower than the 
colon part. The ilexun is uniform in diameter throughout 
its whole length. The colon becomes gradually dilated 
towards the posterior end due to the insertion, innervation 
and accommodation of the cryptonephridia on the surface 
of the colon wall. The insertion of the Malpighian 
tubules to the hindgut wall marks the beginning of the 
cryptonephridial system.

In the mature larva, there is no distinct ascending 
and descending arms of the ileo-colon. In this condition, 
the ileo-colon region twist in a manner to form a "S"- 
shaped structure,

Rectuja
The rectum is a very short tubular structure. It 

becomes narrower gradually towards the anua. The anterior 
broader end of the rectum remain adherent to the broad 
end of the cryptonephridial part of the colon, A simple, 
almost invisible constriction represents the adjoining 
line of union of the colon and rectum. When viewed 
carefully with a compound microscope, the demarcating 
line of the two portions, the surface view of the
convoluted cryptonephridia on the colon and the muscular 
striations on the wall of the rect\im is slightly visible, 
if it is stained perfactly.
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III.A.1 (b). AlUTCMY OF THE PUPAL GUT OP C. AIULIS

The alimentary canal of the pupa of C. analis 
(Figs, 7 & 8 ) is a long and almost straight tube of 
varicible diameter except the ileo—colon region where it 
is slightly bent upon itself. It is simpler than those 
of the larval and adult alimentary canals. It closely 
resembles the adult alimentary canal in its general 
morphology and anatomical disposition.

The most striking feature of the pupal alimentary 
canal is the cylindrical form of the midgut. The surface 
of the midgut is smooth and the gut wall is thin and more 
or less transparent, which is due to the thinnes of the 
metamorphosing epithelium. In this case, a large amount 
of "yellow bodies" which accumulated in the midgut lumen 
is indistinctly visible through the gut wall.

Of the three principal divisions of the alimentary 
canal, the foregut is the shortest and the midgut is the 
longest part. In one case, the pupal alimentary canal was 
found to be 5,25 mm in length when the body of the pupa 
was 3 . 5  mm long, i,e, the pupal gut is one and a half 
times longer than the body length. In this specimen, the 
foregut measured 0 , 6 mm, midgut 2 , 6 5 mm, and the hindgut 
2,0 mm in length. Thus, the foregut covered about 11,5^, 
midgut 50,5̂ °, and the hindgut 3 8,0?i of the total length 
of the pupal alimentary canal.

- 25 -
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Fore.nrut

The foregut is a tube of almost uniform diameter 
except the posterior end which is slightly dilated. 
Anteriorly it is bent downwards according to the facial 
disposition of the head region. It consists of three 
regions, viz., the pharynx, oesophagus and the 
proventriculus. The proventriculus of the pupa is 
simpler than that of the larva, i.e;,the normal shape and 
size has been changed in the pupal stage due to the 
metamorphic changes in this region described later.

The foregut measuresO.S mm long, where the pharynx, 
oesophagus and the proventriculus measure 0 . 2  mm, 0 . 5  mm, 
and 0,1 mm respectively. In this case, the diameter of 
the pharynx and the oesophagus varies between 0.05 mm and 
0.08 mm; whereas in the proventriculus it varies between 
0.08 and 0,18 mm.

Pharynx

The pharynx is a narrow and short tube which 
extends towards the anterior side upto the buccal region. 
It continues from near the frontal ganglion, passes 
through the cerebral ring upto a little behind the 
sub-oesophageal ganglion. Anteriorly, the pharynx along 
with the buccal region is bent downwards, whereas 
posteriorly it is straight and continuous with the
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oesophagus. The pharynx is provided externally with a 
few sets oi.dilator muscles, as was observed in the 
larval pharynx.

OesophaCTts
The oesopha^s is a straig-ht and uniform tube 

behind the pharynx. The posterior end of the oesophagus 
is continuous with the narrow neck of the proventriculus. 
There is no external musculature like the dilator muscles 
oX the pharynx in the oesophagus.

Proventriculus

In gross appearance, the proventriculus of the pupa 
is not a prominent structure as in the full grown larva 
or the adult. In this case, it is just a broad end of the 
oesophagus which is a continuous and gradual dilation of 
the posterior end of the foregut. It resembles neither a 
bulbous structure as in the larva nor it is flask-shaped 
as in the adult C, analis. It appears somewhat squeezed 
compared to the larval proventricvaus. The squeezed type 
of simple proventriculus in the pupa may be due to the 
remodelling of the inner intimal part and the muscular 
re-arrangement during metamorphic changes. The anterior 
end of the proventriculus is narrower and continuous with 
the oesophagus whereas the posterior end is broader and 
introduced into the anterior end of the midgut. There is
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no clear external demarcation between the proventriculus
and the midgut except that the midgut end is more dilated 
than the proventriculus.

There is no morphological differentiation of the 
proventricular invagination, though it plays an important 
role during metamorphosis. However, structure of the 
proventicTilar invagination is quite distinct and 
illustrative in the histological preparations of the 
present material.

Midgut

The midgut of the pupa is almost a straight tube.
It is cylindrical, thin—walled and more or less glassy 
and transparent in appearance. It is clearly distinguishable 
into an anterior midgut and a posterior midgut as in the 
larva and the adult. The two regions of the midgut is 
easily separated from each other by their relative width.
The anterior midgut is about two times longer and two to 
three times wider than the posterior midgut. The pupal 
midgut closely resembles the adult midgut except that 
there are no "crypsts" or "mesenteric diverticula" on 
the surface of the pupal midgut as found in the adult 
condition.

The midgut forms about 50% of the total length 
of the pupal alimentary canal. The midgut measured 2.65 mm 
in length when the anterior and the posterior midguts
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were 1.75 mm and 0.9 mm long. In this case, the diameter 
of the anterior midgut varied between 1 . 5  mm and 3 . 0  mm, 
and the posterior midgut 1 . 0  mm and 1 . 5  mm.

Anterior midgut

The wider part of the midgut, i.e., the anterior 
midgut is also the broadest part of the alimentary canal. 
Its middle part is slightly broader than the two ends. 
The external surface of the gut is smooth and plain. The 
gut wall is very thin, appears like a thin transparent 
outer limiting membrane. The lumen is filled up with 
histolysed epithelial contents in the form of "yellow 
bodies". These can be clearly seen through the gut wall 
if stained.

Posterior midgut
The posterior midgut is a tubular tail-like 

continuation of the anterior midgut. It is a straight, 
narrow and almost uniformly dilated part which includes 
the posterior one-third of the midgut. Its surface is 
smooth and the wall is thin and almost transparent like 
the anterior midgut. Similar to the anterior midgut, the 
"yellow bodies" formed in this region are also easily 
recognizable inside the gut liomen. Posteriorly it is 
continuous with the pylorus of the hindgut which is more 
dilated than the posterior midgut. Again, the posterior
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midgut is marked off from the hindgut by the origin of 
the six Kalpighian tubules.

Hindprut

The hindgut of tlie pupa is a long tube of almost 
unilorm diameter except the posterior part of the colon 
which is slightly dilated due to the accommodation of the 
distal parts ol the Malpighian tubules which form the 
cryptonephridial system. This system which was previously 
fotmd in the larval colon still persists and continue to 
persist around the adult colon. The ileum with a little 
portion of the colon region is bent upon itself in a 
looped manner. On the otherhand, the cryptonephridial 
part of the colon along with the rectum is straight which 
ends into the anus.

The hindgut consists of the same regions as in the 
larva, viz., the pylorus, ileum, colon and the rectiun. It 
is 2 , 0 mm long, of which the pylorus, ileum, colon and 
the rectum are 0 . 1 mm, 0 , 6 mm, 0 . 8 mm, and 0 . 5  mm 
respectively. The diameter of these successive regions 
varies from 0,08-0.1 mm, 0.0 5-0 . 0 8 mm, 0,08-0,15 mm, and 
0,05-0,09 mm, respectively.

Pylorus
The pylorus of the pupal alimentary canal is a knob­

like structure situated at the anterior end of the hindgut. 
Its anterior end is broader than the posterior end.
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From the top of the pylorus, just surrounding the base 
of the posterior midgut, six Malpighian tubules originate 
freely and regularly. The posterior narrow end of the 
pylorus continues with the ileum. Certain sphincter 
muscles associated with the basal sides of the pylorus 
are indistinctly visible in well stained materials.

Ileum
The ileum is a coiled part of the pupal alimentary 

canal. It bends upon itself twice in a looped manner 
forming a convoluted part. The convolutions of the pupal 
ileum is less prominent than those of the adult ileum, 
although both are more or less similar to each other. The 
width of the ileum is apparently similar to that of the 
posterior midgut. Due to this minor difference in 
diameter between the tv;o regions, both of them, i.e., 
the posterior midgut and the ilexim are often confused 
in the freshly dissected materials. But the presence 
of Malpighian tubules at the end of the pylorus 
distinguishes the posterior midgut from the pylorus. 
Besides these, two very short Malpighian tubules which 
join directly with the cryptonephridial chamber, run 
along sides the ileum.

Colon
The colon is almost a straight tube which becomes 

gradually dilated towards the posterior end. The dilation
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of the colon region Is due to the association of the 
Malpighian tubules around the colon wall in a separate 
chamber, as observed in the larva and adult. The 
cryptonephridial system of the larva is continued into 
the adult insect through the pupal stage. The pupal 
cryptonephridial system helps in redifferentiating the 
cryptonephridia from larva to the adult form. However, 
the reconstructive process of the cryptonephridial 
system during the pupal stage has been observed clearly 
in the histological preparations of the present material.

Rectum
The rectvun is the short terminal part of the 

hindgut which begins from the posterior broad end of the 
colon. It becomes slightly narrow towards its extreme 
posterior end and ultimately ends in the anus. There is 
a slight constriction between the colon and the rectum 
which demarcates the two adjacent regions(Pigs, 7 & 8).
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III,A. 1(c). ANATOMY OF THE ADULT GUT OP C. ANALIS

The alimentary canal of the adult C. analis (Figs. 
9, 10 & 11) is dissimilar to that of the larva in many 
respects. It resembles those of other beetles, viz., 
^ripcerus a^paragi Linn. (Davidson, 1951), Sphaerodems 
nitidicollls (Schaefer, 1 931) t Bolitother'us cornutus 
(Auten, 1955), Penthe pimelia Fabr. (Brubaker, 1934), 
Anthonomus f^randis Boheman (Sundman & King, 1964), and 
Lytta nuttalli Say (Morgan et §^, 1970), and many others. 
In gross appearance, it is almost a straight tube of 
variable diameter except that its ileo-colon region is 
slie;htly bent downwards in front and the ileo-colon region 
is looped upon itself in the form of a twisted "S", The 
alimentary canal is clearly distinguishable into the 
three major primary divisions. The foregut is the 
shortest part which is anteriorly bent downwards. The 
hindgut is the longest part, marked off from the midgut 
by the origin of the Malpighian tubules. The midgut is 
divisible into two distinct regions, as in the larval 
midgut, but quite dissimilar in appearance. The anterior 
midgut is about two times longer and two to three times 
wider than the posterior midgut. The whole surface of the 
midgut is provided with numerous minute finger like 
projections, known as "mesenteric diverticula" or 
"crypts", which are absent in the larval midgut.
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The alimentary canal is about one and a half times 
longer than the body length of the adult insect. For example, 
in one case, the alimentary canal measured 4 , 9  mm in length 
when the adiat insect was 3.25 mm long. Thus the proportion 
between the body length and the gut length is about .1 : 1 .5 . 
Similar relative lengths were also observed in the beetles, 
Phyllophaga gracilis Brum (Fletcher, 1930), S-phaeroderus 
nitidicollis Chev. (Schaefer, 1931), Penthe pimelia Fabr. 
(Brubaker, 1934), and Pheropsonhus occipitalis (Shukla & 
Upadhyay, 1 9 8 0),

In many beetles the gut length has been reported to 
be longer than the body length. Thus^the gut was reported 
to be one and a one-fourth times longer than the body 
length in Criocerus asparagi linn. (Davidson, 1931) and 
Coccinella septempunctata (Pradhan”, 1938); almost double 
the body length in Popilla (Swingle, 1930), Aulacophora 
foveicpllis (Lucas) (Saksena, 1951), Odoiporus lonfricollis 
(Shukla & Kumar, 1969), Prionus laticollis (Benham, 1970); 
three times longer than body length in Passalus comutus 
(Lewis, 1926), Epilachna corrupta (Potts, 1927),
Bolitotherus cornutus (Auten, 1933), and Epilachna 
indica (Pradhan^ 1936). In some cases^the gut length 
has been reported to be four times longer than the body 
length^e.g., in Dactvlosternum hydrophiliodes (Kacleay) 
(Shukla & Upadhyay, 1976), and even eight to ten times, 
e.g., Phanaeus vindex Mad. (Becton, 1930), Onthophagrus
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catta Fabr. and ADhodius moestus Fabr, (Verma, 1969), 
(j^anthon laevis (Miller, 1961).

^orepTut
The foregut begins from the mouth which is sit\iated 

at the base of the buccal cavity. It extends backward 
through the head capsule upto the thorax as a narrow tube 
of almost uniform diameter, the end part of which dilates 
to meet with the midgut. In gross appearance, the foregut 
is bent and narrow towards its anterior end, straight and 
uniform at the middle and flask-shaped towards the 
posterior end. It is clearly distinguishable into a 
pharynx, oesophagus and a proventriculus (Fig, 10),

The foregut is the shortest part of the alimentary 
canal which forms only about 1 2 ,55̂  of the total gut length. 
For example, in one case, the foregut measured 0,61 mm 
when the alimentary canal was 4.9 mm long. In this case, 
the pharynx was 0 . 2 0 mm, oesophagus 0.25 mm, and 
proventriculus 0.16 mm in length; whereas the diameter 
of the pharynx and oesophagus varied between 0.05 to 0,08 
mm, and that of the proventriculus between 0,08 to 1,5 mm.

Pharynx
Pharynx is the anteriormost part of the alimentary 

canal, which is anteriorly bent downwards due to the 
facial disposition of the head (Fig. 9), It is a tube of
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almost \miform diameter, situated within the head capsule 
in between the brain and the sub-oesophageal ganglion.
It passes from below the frontal ganglion and extends 
through the cerebral ring upto a little behind the sub- 
oesophageal ganglion. It is well provided with a few sets 
of dilator muscles characteristics of this region. Four 
sets of pharyngeal dilator muscles can be seen in the 
adult which are very similar to those in the larva. The 
pharyngeal dilator muscles are antero-dorsal, postero- 
dorsal and ventro-lateral in position (Fig, 10). These 
dilator muscles remain confined within the head capsule. 
Disposition of the stout dilator muscles in the buccal 
region and its suri“o\mding were also observed. But their 
exact ramifications were not determined. These dilator 
muscles in the buccal and pre-oral regions may be 
regarded as the "dilatores buccales" and "dilatores 
cibarii", described by Snodgrass (1935),

Oesophagus
The oesophagus is the straight middle part of the 

foregut. It is narrow and tubular and almost uniform in 
diameter as in the pharynx. But it lacks any external 
dilator muscles as found in the pharynx. The posterior 
end of the oesophagus is connected with the neck of the 
proventriculus. There is no clear external demarcating 
line or constriction mark between the pharynx and the
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oesophagus, and between the oesophagus and the 
proventriculus. However, the pharyngeal region can be 
recognized by the presence of the dilator muscles. The 
posterior dilated part marks the proventriculus of the 
ioregut. The part lying between the two is the oesophagus.

Proventriculus
The most prominent part of the ioregut of the adult 

is the proventriculus. It is a flask-or bulb-shaped 
structure, the narrow end or the neck region is continuous 
with the oesophagus and the posterior broad end is 
introduced into the anterior end of the midgut as a 
proventricular invagination. But from external appearance 
it seems that the broad end of the bulb is fixed on the 
midgut end. The exact contact of the proventriculus with 
the midgut is clearly understood only from its 
histological study.

Presence of proventriculus in the alimentary canal 
in the beetles and its various functions have been described 
by many previous workers, which are similar to the 
proventriculus of the adult C« analis in many respects, 
Ealfour-Browne (1934) in Dytiscidae, Dennell'^ 1942) in 
Calandra granaria L,, Gupta (1965) in Meloidae, Sh-ukla & 
Awasthi (1969) in Mylabris pustulata Thumb., Shukla &
Kumar (1969) in Odoiporus longicollis. Strambi (1970) 
in Catopidae, Singh & Mukharji (1971) in Tribolium
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caBtaneum, Hukharji & Singh'^( 1971) in Sltophllua
Iiinn., ShuJcla & Upadhay (1980) in Pheropsophus 

occipitalis (Mad.), Macgovm & Sikopowski (1981) in 
Anthonomus ^randis frrandis Boheman are some of the examples,

There is no clear external differentiation of 
the adult proventricular invagination like that of the 
pupa, though it bears certain special internal 
structures.

Midgut
The midgut is a prominent part of the adult 

alimentary canal. Like that of the larva, the midgut of 
the adult is also divisible into tvo distinct regions, the 
anterior and the posterior midgut. Morphologically, the 
whole midgut is quite dissimilar to the midgut of the 
larval stages. The entire surface of the midgut is 
provided with numerous evaginations of the gut wall, 
known as the "mesenteric diverticula" or the "crypts".
They are very short and blunt. They appear like densely 
arranged minute finger-like projections, almost similar 
in structural appearance and more or less uniform in 
distribution over the whole surface of the midgut 
(Figs. 9 & 10). Ameen & Rahman (1973) in Tribolium 
castaneum (Tenebrionidae) described similar crypts 
which are uniformly distributed all over the midgut 
surface but they become gradtially longer from the 
anterior to the posterior end of the midgut. Strambi
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(1970) described the crypts in TroglodroamR bucheti 
gaveti (Gatopidae) which are more elongated and almost 
finger-like projections, but their distribution is 
similar to the present material. Similar crypts have 
been observed by Shukla ^ Upadhyay (1980) in 
Catharsius molossus (Scarabaeidae); but there the crypts 
are more dense anteriorly than in the posterior region.

Anterior midgut

The anterior midgut of the adult is a irregularly 
dilated saccular part. It is about two times longer and 
two to three times wider than the posterior midgut. In a 
freshly emerged adult, the anterior midgut appears like 
an elongated sac with a lew regular and alternate 
dilations and constrictions (rig, 10). This is probably 
due to the "peristaltic movement" of the gut wall during 
digestion of food materials in that region.

The dilation and constriction of the anterior 
midgut is more or less regular and feeble in the freshly 
emert,ed adults whereas the dilations are irregular and 
the constrictions deeper in the older adults. From this 
observation it may be presumed that the midguts of older 
larvae do not take active part in digestion any more, 
Vhereas the newly hatched adults which live still within 
its pabulum of pulse seeds and whose gait contains a 
considerable amount of ingested food remains active in
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its dî ;;estive function, which decreases gradually and 
ultimately stops as no new food is ingested by the older 
adults.

Posterior midgut

The posterior midgut is a short, narrow and almost 
imiform tube. It is slightly bent upon the posterior end 
of the anterior midgut. Its broader end remain united with 
the anterior midgut and the narrower end remain attached 
with the anterior end of the hindgut.

The midgut includes about 40,5^ of the total length 
of the alimentary canal in the adult insect, of whose 
about two-third constitutes the anterior midgut and one- 
third the posterior midgut. As for example, one midgut 
measured 2 , 0 mm in length when the total gut length was 
4,9 mm. In this case, the anterior and the posterior 
midgut measured 1,3 mm and 0,7 mm respectively. In 
diameter, the anterior midgut varied from 0 , 2  to 0 , 5  mm 
whereas the posterior midgut varied between 0 , 1 and
0 , 2  mm,

Hindi°î t
The hindgut is the longest part of the adult 

alimentary canal (Fig. 11); it forms 45f- to of the 
total gut length. It is a tube of variable diameter of 
which the anterior half is uniform in diameter, convoluted.
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i.e., coiled around itself on the left side of the main 
axis of the ^ t  in the form of a twisted "S", whereas 
the posterior half is more or less straight and gradually 
broaden towards the posterior side terminating in a narrow 
prolongation which ends in the anus (Fig. 9). The hindgut 
consists of four regions, viz., the pylorus, ileum, colon 
and the rectum. The colon is characterised by the presence 
of cryptonephridial system which is an enveloped condition 
of the Malpighian tubules around the colon wall. The 
association of the Malpighian tubules in this manner was 
also observed in the larval stage of this insect.

The hindgut of the adult measured 2.3 mm in length 
when the total gut length was 4.9 hud. In this case, the 
pylorus, ilem, colon and the rectum were 0 , 1 mm, 0 . 8 mm, 
0 , 9 cmijand 0.5 Bim, respectively.

Pylorus
The pylorus is a short funnel-shaped structure 

situated at the anterior end of the hindgut (Figs, 10 & 11), 
The narrower end of the pylorus is continuous with the 
ileum whereas the broader end remain attached with the 
posterior midgut. From the broad end of the pylorus i,e. 
from the meeting point of the midgut and the hindgut, a 
whorl of six Malpighian tubules originate independently, 
which then extend forward in the abdominal cavity. The 
pylorus is provided with strong musculature which may 
act as a sphincter.
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Ileum

The ileum begins from behind the pylorus, extends 
as a narrow and convoluted tube of almost uniform diameter. 
The posterior end bends and meet the colon. At first the 
ileum continues backwards as a strai^-ht tube, then it makes 
a loop and then extends in a forwardly direction along with 
xts anterior straight part upto the junction of the midget 
and hindg-ut where it again bends to make another loop and 
joins the colon. In this condition, the looped ileo-colon 
appears like a twisted "S" (Figs. 9 & 11). The middle point 
of the second loop is the beginning of the colon, which 
can be marked off from the ileum by a feebly developed 
constriction in between the two adjacent regions of the 
hindgut (Pig. 9). The convoluted part of the hindgut, i.e., 
the entire looped section of the ileum and a very short 
anterior portion of the colon remain together towards 
the left of the long axis of the hindgut.

Colon

The colon is a more or less straight and dilated 
part of the hindgut. It begins from the last loop of the 
ileum as a slightly bent end, continues towards the 
posterior extremity dilating gradually. It appears like 
a inverted fusiform structure (Figs. 10 & 11). The narrow 
end of this portion is connected with the ileum whereas 
the broad end joins the conical rect\im. The dilation of
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the colon is due to the association of the distal parts 
of the Kalpiehian tubules which form the cryptonephridial 
system, as in the larva. In this case six Malpighian 
tubules originating from the pylorus travel freely and 
independently in the body cavity. Then their terminal 
ends come to lie outside the colon wall and become 
invested by a membrane, thereby forming the cryptonephridia. 
The binding membrane forms a separate chamber encircling 
the colon, which is called the "fascial chamber" or 
"cryptonephridial chamber". The distal tips of the 
Malpighian tubules lie within this chamber and are known 
as the "cryptonephridia The cryptonephridia within the 
cryptonephridial chamber remain in a regular convoluted 
manner which are more prominent in the broader part of 
the cryptonephridial chamber (Pig. 9), This arrangement 
and disposition can be seen easily in stained dissections 
under a compound microscope, provided the staining is 
good. It should,however, be noted that the cryptonephridial 
chamber does not encircle the entire colon, it starts 
from a little behind the bent portion separating the 
colon from the ileum,

Rectiun

The rectum is an elongated more or less conical 
structure; the broad end of which remains with the posterior 
end of the cryptonephridial part of the colon (Figs. 9, 10
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& 11). It gradiaally narrows down towards the exterior to 
end into the anus. There is a slight constriction mark 
between the cryptonephridial part and the broad end of 
the rectum which marks the junction of the colon and the 
rectum. The presence of the transverse striations of the 
rectal sphincter muscles on the rectal wall, is also 
ro\ighly visible when observed carefully.
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III. A. 1 (d) METAI'-iORPHIC CIIAHGES (AlUTOMICAl) IK THE
ALIMENTARY CAIiAl OF C, AUALIS

Post-embryonic, i.e., metamorphic changes of the 
alimentary canal of C. analis takes place throughout the 
larval and pupal stages and continues even during the 
newly attained adult condition of the insect. The insect 
has four larval instars and, therefore it moults thrice 
during its larval life and changes to the pupal stage 
after the 4th moult. Finally it moults for the 5th time
to become the adult. Of these moults^the first three may
be regarded as "growth moults", because they are mainly 
concerned with the growth of the organs, which remain 
more or less similar before and after the moults. But 
•during the last two moults drastic changes occur in their 
structure. Hence,they may be called "transformation moults" 
These anatomical changes are described below in three 
stages, viz,,

a) changes during larva to larva moults,
b) changes during larva to pupa moult, and
c) Changes during pupa to adult moult.

a) Chancres during larva to larva moults
The 1st instar larva of C. analis after hatching 

out of the egg actively bores into the cotyledon of the 
pulse where it eats away the cotyledon and makes room
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for its growth. In this stage it does not feed voraciously. 
It is very small in size (less than 0.5 mm) and very 
difficult to dissect. However, in cleared specimen the 
alimentary canal could be seen easily. In this stage the 
alimentary canal is rather simple with a short narrow 
foregut, a straight dilated midgut, and a narrow, slightly 
coiled hindgut (Pig. 1a).

The foregut remains as a simple, very short and 
uniform tube upto the 2nd moult (Fig. 1b & 2). After that, 
a simple pear-shaped dilation appears at the posterior end 
of the foregut. This dilation gradually becomes prominent 
in the subsequent larval instars and transforms into the 
proventriculus of the larva as described for the lairval 
alimentary canal (Figs. 3 & 4).

In the 2nd larval instar the midgut gradually becomes 
asymmetrically dilated as described before (Fig, 1b). In the 
subsequent larval instars, i.e. 5rd and 4th instars, the 
anterior midgut gradually elongates becoming symmetrical 
and tubular with an antero-lateral bulge. Coiling of the 
posterior midgut starts in the 2nd instar which gradually 
becomes more and more prominent in the succeeding instars.

Appreciable change has not been observed in the 
hindg-ut during larval life, except that it elongates 
proportionately and convolutes on itself with the 
development of the larva.
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b) Chanpies during larva to pu-pa moult
Drastic and remarkable changes are observed during 

transforiLation of the larva to the pupal stage. At the 
end of the larval life, Just before formation of the pupa, 
the full grown larva suddenly stops feeding. This is the 
time of evacuation of the gut contents. In this condition, 
the larva becomes narrower anteriorly, straightens itself, 
and the rudiments of wings and other structures become 
prominent. Mean while, the very long and capacious 
alimentary canal of the larva changes its shape and 
structure to become the pupal alimentary canal through 
the last larval moult. This advancement or the preparation 
for the pupal gut formation is the "prepupal alimentary 
canal". This is quite dissimilar to the larval as well as 
the pupal alimentary canal; hence, it is described 
separately.

Alimentary canal of the prepupa
During prepupal condition, the foregut does not 

change much, except that it reduces slightly in length 
and width,

Radical changes, however^are observed in the midgut 
during prepupal condition. During this period, the midgut 
shortens considerably in length, which is accompanied by 
the £>hrinking and folding of the midgut wall. Due to this 
the anterior midî -ut becomes very short, less than half its
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len^-th in the active full grown larval stage. Close 
observation reveals that the folding of the anterior 
midgut is not imiform throughout its length (Fig. 6).

The folding of the wall is found to be more 
compact where the midgiit was previously (i.e. during 
active period of 4th instar larva) slightly wider and 
the internal epithelial secretions were profuse. The 
distribution of the folds are less compact where the gut 
wall was previously less distendable or was constricted 
and the internal epithelial secretion was less. Thus, 
the dilated part of the midgut with profuse epithelial 
secretion made the gut wall thinner, which ultimately 
shrank during prepupal condition. This probably occurred 
during the onset of prepupal condition due to the 
peristaltic movement of the alimentary canal.

Shortening in length of the posterior midgut during 
prepupal condition is not due to folding of the gut wall 
as in the anterior midgut. A few superficial transverse 
striations appear due to the formation of fine transverse 
ridges and grooves of the gut wall. There is no distinct 
shrinking areas to be seen as in the anterior midgui:. The 
surface of the posterior midgut appears more or less 
uniform.

During prepupal condition the hindgut also shortens 
considerably, becoming almost half of the hindgut of full 
grown larva. Moreover, the twisting of the ileo-col<3n
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reduces and it tends to be straight. The whole hindgut wall 
is irregularly dilated, probably caused by the accumulation 
of discharged matters nmning through the hindgut lumen 
during this time.

Transformation of the -prepupal gut into the pupal gut
Drastic changes have been observed during the last 

larval moult. The prepupal alimentary canal, just described 
g.bove, changes to the pupal alimentary canal, as described 
earlier (see pp. 25-32), During pupal stage, the 
shortening of the midg-ut still continues. But this is a 
very slow process as compared to the prepupal condition, 
and is not accompanied by any folding or transverse 
striations of the gut wall (Fig, 8).

During the pupal stage, the foregut and the hindgut 
elongates slightly, as opposed to the prepupal condition. 
The elongation of the hindgut is more pronounced than that 
of the foregut,

c) Changes during pupa to adult moult
With the onset of the last moult, i.e. the pupal 

moult, the pupal alimentary canal transforms into the 
adult alimentary canal, described earlier (see pp. 35-44). 
In the ad\ilt, mesenteric diverticula appear on the surface 
of the midgut. The midgut becomes shorter than the pupal 
midgut (Fig. 10),
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Tiie larval proventriculus is carried over to the 
adult insect through, the pupal stage, which becomes 
prominent during the last moult. The length of the 
foregut increases slightly with the increase in length 
and diameter of proventriculus from the pupal stage.

The hindgut also elongates during pupa to adult 
transiormation. The larval cryptonephridial system 
continues in the adult hindgut.

Thus, it is evident that the foregut and the 
hindgut gradually increase in length during pupal and 
adult stages. On the otherhand, the midgut abruptly 
decreases in the prepupa which continues to decrease 
gradually in length during the pupal stage and in just 
emerged adult which still remains within the pabulum of 
the pulse.
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A

III. A. 2(a). ANATOKY OF THE LARVAL GUT OF C. CHIÎ iEI-TSIS

The gross anatomy of the alimentary canal of 
C, chinensis larva is identical with that of C_, analis 
except that it is smaller in dimension than the later.
The length of the larval alimentary canal of C. chinensi^ 
at different instars is shown in the Table 5 for 
comparision with C, analis (vide p. 1 0 ),

Table 5, Measurements of the body and the gut lengths 
in different instars of C. chinensis.

Instars Bodv
(mm)

Gul
(mm)

Proportion 
Body ; Gut

1 st 0.60 1 . 2 0 1 : 2 . 0 0

2nd 0,80 2.04 1 : 2,55

3rd 1 . 00 3 . 0 2 1 : 5 . 0 2

4th 2.25 8.27 1 : 3.67

The foregut is more or less similar to that of
C. analis. which is divisible into a pharynx and an 
oesophagus in the early larva (1 st & 2nd instar); or 
into pharynx, oesophagus, and a proventriculus in the 
later instars. The proventriculus thus makes its 
appearance just after the 2nd larval moult. Unlike that
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oi C, gjmlis« the anterior end of the mid^t does not 
form the two lateral lobes arovmd the posterior end of 
the proventriculus in C. chinensis. Here the 
proventriculus appears like a simple bulb in fresh 
dissections (Fig. 5). Lengths of the different regions 
of the foregut of C. chinensis in different instars have 
been shown in the Table 6 (cf. C. gnalis, p. 13).

Table 6 . Measurements of the body and foregut lengths 
in different instars of C. chinensis.

Instars Body
(mm)

Foregut (mm)
Pharynx Oesopahgus Proventri­

culus
Total

1 st 0,60 0,04 0.05 — 0.09
2nd 0.80 0.06 0.07 - 0.13
3rd 1 . 00 0 . 1 2 0.09 0.09 0 . 3 0

4th 2.25 0.24 0 . 2 0 0.16 0.60

As in C, analis. the midgut of the larva of 
S* chinensis is very long as compared to the fore-and 
hindgut. It is clearly distinguishable into a long 
anterior swollen part (called the anterior midgut) 
a posterior short and narrow tubular part (called the 
posterior midgut), The measurements of these regions 
in the different instars are given In the Table 7 
(cf, C, analis, p. 18),
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Table 7. Measuremen.'ts of the body and the midgnt
lengths in different instars of C, chlnensis.

Instars Bodv Fiidgut (niTn)
(mm) Anterior Posterior Total Post.Mg, Ant,Mg,

1 st 0,60 0.38 0.28 0 . 6 6 1 1 .36
2nd 0,80 0.92 0 . 3 8 1 .30 1 2 . 4 2

3rd 1 . 0 0 1.45 0.51 1 . 9 6 1 2.84
4th 2.25 4.65 1.24 5.89 1 3.75

The I'indsut is distinguishable into four distinct 
regions. Like that of C. analis. six independent 
Malpighian tubules originate from the pylorus of 
G. chiensis. The ileum is provided with a characteristic 
"S"“Shaped convolution, and the colon bears a 
cryptonephridial system. The rectum is very simple, 
which appears as a narrow cone-shaped structure. The 
measurements of the length of different regions of 
the hindgut of C. chinensis in different instars 
are shown in the Table 8 (of. C. analis. p. 21),
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Table 8 , Measurements of the body and the hindgut
lengths in different instars of C. chinensis

Instars Bodv
(TTiTn;

Hindgut (nun)
Pylorus Ileiam Colon Rectum Total

1 st 0,60 0.07 0 . 1 1 0.16 0 . 1 1 0.45
2nd 0.80 0.08 0.15 0.25 0.15 0.61
5rd 1 . 0 0 0.09 0 . 2 3 0.28 0.16 0 . 7 6

4th 2.25 0.19 0.57 0 . 6 6 0.36 1 .78
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IJI. A. 2(b). AKATOMT OF THE PUPAL GUT OF C. CHIKENSIS

In general appearance, the pupal alimentary canal 
of C. chinensls is also very similar to that of C, analis, 
Among the three divisions of the foregut, the pharynx is 
bent cephalad. The midgut is shortened considerably in 
the pupa (cf, larval midgut), but it still consists of 
two distinct divisions as in C. analis. Presence of 
"yellow bodies" in the midgut limen can be seen through 
the semi-transparent gut wall. The hindgut bears 
characteristic ileal convolution, and cryptonephridial 
arrangement in the colon. The length of the pupal 
alimentary canal of C, chinensis is shown in the Table 9 
(cf, C, analis p. 25).

Table 9, Lengths of the different regions of the 
alimentary canal of C, chinensis pupa.

Body
(mm)

Foregut
(mm)

Mid^t
(mm)

Hindgut 
(mm)

Total length 
(mm)

2.55 0,40 1 .77 1.33 5.50

Dhaka University Institutional Repository



> -  5 6  -

X

III. A. 2(c). ANATOMY OP TIIE ADUIT GUT OF C. CHIKEKSIS

The adult alimentary canal of C, chinen.sis is 
more similar to that of the pupa than the larva. It is 
identical with that of C, analis in gross anatomy 
(Fig, 12) but differ slightly in dimension from the 
later (cf. C. analis. pp. 53-4 4). However, the following 
measurements (Table 10) on the adult alimentary canal of 
C. chinensis easily distinguishes it from that of
C. analis.

Table 10. Lengths of the different regions of the 
alimentary canal of adult C, chinensis.

Body Poregut Midfiat Hindgut Total
(mm; (mm) (mm) (mm) (mm)

2.15 0.42 1 .32 1.55 3.27
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III. A. 2(d). 1‘ffiTAJyiORPHIC CHANGES (AIUTOMICAL) IN THE
ALIMENTARY CAN AX OF C. CHINEITSIS

Anatomical changes of the alimentary canal of
C, chinensis during metamorphosis is quite similar to 
tiiat observed in C. analis (vide pp. 45-50)» These 
changes in C, chinensia are described very briefly,

a) Changes of the alimentary canal during larva 
to larva moults is not very remarkable. The main 
anatomical changes are ;

(i) the alimentary canal (especially the 
midgut), increase in length and diameter which is

-*• proportional to the growth and development of the larval
body during successive instars;

(ii) the proventriculus which was absent in 
the early larva (1 st & 2nd instar), appear as a very small 
dilation of the posterior end of the oesophagus just after 
the 2nd larval moult. This simple proventriculus gradually 
becomes more prominent during next (4th) instar (i,e, 
after the 3rd larval moult).

A
b) Changes of the alimentary canal during prepupal 

stage, larval-pupal moult, and pupal period is very 
remarkable and distinct, but similar to that of C, analis. 
The midgut suddenly becomes shrunken during prepupal 
condition and thereby shortens the midgut. Later during
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early pupal period this shortening still continues but 
is gradual. The shortening stops during the mid-pupal 
stage. As the shortening of the midgut stops its wall 
becomes uniformly thin and more or less transparent. At 
this time "yellow bodies" become clearly visible in the 
lumen.

c) The changes in the alimentary canal of 
C. chinensis during pupal-adult moult, and early adult 
condition is feeble. However, the following main 
metamorphic changes have been observed during this time :

(i) numerous "crypts" develop on the svirface 
of the midgut. They first appear as very simple dots on 
the surface of the gut, soon after the pupal-adult moult. 
These dot-like structures of the midgut gradually become 
prominent with the advancement of the adult life; and

(ii) the foregut and the hindgut slightly 
increase in length with the development of the early adult, 
which still remains within the pabulum of the pulse.
Similar elongation of the foregut and the hindgut, and 
shortening of the midgut during metamorphosis was 
observed in C, analis and other beetles, e.g,, Lytta
nuttalii Say(Morgan■et al« 1970; and Prionus laticollis 
(Benham, 1970).
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B. HISTOLOGY

III. B. 1(a). HISTOLOGY OF THE LARVAL GUT OF C, AIIALIS

Essentially the histological stiructures of the 
foreĵ xit and hindgut are similar and quite distinct from 
that 01 the mid£“ut« A peritrophic membrane was never 
fovmd in the gut of C, analis larva.

F o r e ^ it

The cellular pattern of the foregut epithelium 
in all the difierent larval instars is almost similar. 
Histologically, the foregut of the 1st, 2nd and 3rd instars 
are distinguishable into pharynx and oesophagus; whereas 
in the 4th instar a third region, viz., proventriculus, 
is revealed which is distinguishable in gross anatomy 
also. The oesophageal invagination, which was not so 
prominent in gross anatomy, is clearly distinguishable 
in the histological preparations. The sequence of the 
layers of histological elements in the foregut beginning 
from the lining of the gut lumen outwards, consists of 
the following (i) intima, (ii) epithelium, (iii) 
basement membrane, and (iv) muscle layers.

Pharynx
The pharynx of the larva is provided internally 

with a cuticular intima. It covers the entire inner 
surface of the pharynx and continues into the oesophagus.
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The intima of the pharynx is not vmiformly thick. It is 
very thin at the base of adjacent epithelial folds whereas 
it thickens gradually towards the apex of the folds. In 
the thick portion, the intima is much cuticularized and 
thrown into many spine-like projections, which may be 
called the "pharyngeal spines" or "pharyngeal teeth"
(Fig, 1 3 ). These spines are very prominent structures 
with broad bases and pointed tips, extending from the 
thick intima of the epithelial folds. The intima is 
0,5-1 /im thick and the spines are 2-4 long. In a 
transverse section, 4-7 such spines are seen in each of 
the epithelial folds (Fig. 15)* These spines are 
backwardly directed. They, probably,help in shredding the 
larger food particles into smaller pieces, while passing 
through the pharynx.

In sections, the pharyngeal epithelium looks like 
a thin film of cells with indistinct cell boundaries, 
attached end to end in the form of a ribbon. It is lined 
internally by an intima and externally rests on a basement 
membrane. The cytoplasm of the epithelium appears to be 
homogenous and transparent. The epithelial cells are flat 
cuboidal and almost isodiametric but with barely 
discernible nuclei. The cell boundaries are visible only 
in well stained preparations and when viewed under high 
magnification. The nuclei are round or spherical with 
very fine chromatin grannules. The epithelitun is 2-5^̂jum
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thick and the nuclei 1-2^  in diameter. The epithelium 
along vith the intima is projected longitudinally into 
the lumen in the form of invaginations. These are known 
as the pharyngeal epithelial folds. There are six such 
longitudinal epithelial folds in the pharynx. These folds 
are moderately high, regular and equidistant. Towards the 
anterior end of the pharynx all the folds are almost equal 
in height. Two of these folds gradually shortens or 
diminish in height towards the posterior end and 
ultimately disappear at the entrance of the oesophageal 
region. The remaining four folds of the pharynx, 
gradually arrange themselvee in a regular manner and 
become continuous with the four folds of the oesophagus.

The basement membrane is very thin, remains closely 
attached to the epithelium. It is almost indistinguishable 
and is not easily recognizable.

The muscle layers include a few bands of isolated 
longitudinal muscles, grouped together, and two strands 
of closely attached circular muscle layers. The 
longitudinal muscles are very thin, arranged longitudinally 
near the bases of the epithelial folds along with the 
connective tissue mass, which are not easily distinguishable 
The circular muscle layer is prominent. It is 3-5yum thick. 
The two strands of muscles encircle the epithelium.
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Oesophâ !,-us
The intima oi’ the oesophae;us is irregularly 

thickened. There are no intimal spines as seen in the 
pharynx, but the inner projected parts of the epithelial 
folds are provided with thick intima whose surface is 
irregularly folded (Figs. 14 & 74). The normal oesophageal 
intima is 1-2 ŷiin thick which becomes 2-5y m  in the lobed 
portions.

The xmiform ribbon-like oesophageal epithelium is 
similar to that of the pharynx. The cells are flat 
cuboidal. The nuclei are round to oval, slightly larger 
than those of the pharynx. The epithelial cells are 4-5 

ja m  high and 7 - 8 wide, and their nuclei are 2,5-3.5^;um 
by 2,5-5,0^^. There are four regular longitudinal 
epithelial folds in the oesophagus as opposed to six 
in the pharynx. These folds are almost equal in height.
The epithelium is encircled by a thin basement membrane 
which can not be recognized separately. There are spaces 
between the bases of epithelial folds and the circular 
muscle layer. These spaces are partially filled with 
connective tissue masses. In this tissue masses, a few 
bands of very thin longitudinal muscles remain embedded.
In sections, they appear as very simple dot-like structures,

Just surrounding the epithelium, there is a layer
of circular muscle which is thinner than that of the
pharynx. It consists of one or two layers and is 2.5-4.0
yUm thick.
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Proventriculus
A proventriculus is absent in the early larval 

instars. Only a weakly developed proventriculus could 
be seen in the 4tli larval instar which also lacked well 
developed cuticular spines, teeth, hairs or needle-like 
processes. The l\unen of the larval proventriculus is 
spacious and the epithelial wall is lined by a thick 
cuticular intima, A large amoxmt of food is retained 
in the proventriculus which press against the intima.

The intima is pleated into numerous short and 
blunt processes in the foinn of regular waves, as revealed 
in longitudinal sections (Pigs. 16,17 &76). Actually these 
blunt processes are heavily cuticularized, provided with 
minute spines known as the ”proventricular spines” and 
are almost uniformly distributed throughout the whole 
inner surface of the epithelium. The intima of the 
proventriculus is 1 -2 in thickness and the 
proventricular spines are in length.

The shape and size i.e. the pattern of the 
proventricular epithelium is almost similar to the 
oesophageal epithelium. In this case, the epithelium is 
thrown into eight regular and very short folds. Of these, 
four folds are shorter than the other four folds and they 
alternate with each other. The cells, cytoplasm, and 
nuclei of the epithelium are more or less similar to 
that oi the oesophagus. The epithelial cells measure
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X.

5 - 8 in height and 5-8ja m  in width, where the nuclei 
measure 3 . 5 - 5 in diameter. The basement membrane on 
which the epithelium of the proventriculus rests on, 
is also identical with that of the oesopha^s.

The musculature of the proventriculus is well 
developed. One to two strands of circular muscles 
encircle the epithelium. The circular muscles layer is 
2-3 yUm in thickness.

A few scattered bands of longitudinal muscles 
adhere to the basement membrane near the epithelial 
folds and the circular muscle layer. However, due to 
their negligible dimensions, the exact structural 
condition could not be ascertained,

Oesopha,^eal or proventricular invag-lnation
The oesophageal invagination is an extension of 

the oesophageal epithelium into the anterior end of the 
midgut. The epithelium thus introduced is always 
accompanied by the other essential histological elements. 
The oesophageal invagination may be formed directly from 
the oesophagus or fro:a a modified part of the oesophagus, 
like the proventriculus. Both the conditions are found 
in the larva of C, analis. The first case, which may be 
regarded as an oesophageal invagination, is seen in the 
1st, 2nd, and 3rd instar larvae. Whereas the second case, 
which is a modified condition, may be regarded as the
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proventricular invagination, is observed in the 4th 
instar larva only. Both these types of invaginations 
are separately described below.

Oesophageal invagination : The first type of
invagination or the oesophageal invagination is just a 
turn out process of the oesophageal epithelium, in the 
case of C. analis larvae (Figs, 15), The epithelial 
folds of the oesophagus (i.e. the projected epithelium) 
extends a little distance to meet the epithelium of the 
anterior bulging area of the midgut. The oesophageal 
epithelium along with other histological elements then 
turns straight towards the peripheral side (i.e. reflexed 
outer epithelium of the foregut) and meet with the 
inidgut epithelium (Figs. 15 & 75). In the oesophageal 
invagination, the intima is much folded and elongated 
which extends a little distance into the midgut lumen.
The projected epithelium of this region is similar to 
the epithelium of the oesophagus. This projected 
epithelium along with the intima is 25-30^^um high, 
where the nuclei are 3 - 4 The oesophageal invagination 
does not form any true "oesophageal valve",

A few cells at the junction of the foregut 
epithelium and the midgut epitheliijm, on the peripheral 
side, resemble neither the oesophageal cells nor the 
midgut cells. These are the transitional cells. They
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are smaller, wi-fcli imperfect and indistinct cell boundaries 
Their nuclei are also smaller than the nuclei of other 
adjoining cells. The transitional cells are 8 - 1 0 ^  high 
by 4-5JxnL wide and the nuclei are 2.5-3.5^. These 
transitional cells do not possess any intima or brush— 
border. Besides these cells, there is a cluster of large 
cells at the anterior end of the mid^Tut epithelixim, behind 
the smaller transitional cells. In this cluster, 2-3 
cells are very large and prominent as compared to the 
others. They bear large nuclei. The largest cell of the 
cluster is 3 5 - 4 0 high and 20-25yUm wide at the apex 
and 8-10yum at the base. Its nucleus is 8-IOyum in 
diameter.

There are a few muscle bands, haphazardly arranged 
around the neck of the oesophageal invagination, in 
addition to the normal musculatoore of the oesophageal 
epithelium. These extra muscles form what is known as 
the sphincter muscles of the oesophageal invagination, 
which is rather poorly developed (Fig. 15), The normal 
circular muscle layer of the oesophageal invagination 
is 1-1.5yum thick.

Proventricular invagination ; In the second type of 
invagination or the proventricular invagination, the 
posterior end of the proventriculus becomes considerably 
constricted to make a narrow neck (Figs. 16,17 & 76), The
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neck is provided with many strong circular muscles, 
arranged at random which acts as an effective sphincter. 
Internally, the epithelium along vith other histolo/:ical 
elements arch outwards which ultimately meet with the 
uiidt;ut epithelium as in the oesophageal invagination 
of the early larval instars, Intima of the invaginated 
proventriculus also extends a little distance into the 
midgut, A few transitional cells which resemble neither 
the cells of the foregut nor those of the midgut, at 
the junction of the foregut and midgut epithelium are 
also observed in the proventricular invagination. These 
transitional cells do not possess distinct adjoining 
cell boundaries and are always devoid of intima or 
brush-border. They are more or less compactly arranged
in a row (Fig. 17)•

A few columnar epithelial cells of the midgut, of 
which two to three cells are very distinct, and two to 
three of their adjacent cells were seen to proliferate 
enormously during the pupal stage. Their daughter cells 
ultimately form the "anterior imaginal ring”. Therefore, 
these cells may be regarded as representing the "anterior 
imaginal ring" (Pigs, 15 & 17).

MidCTtt
The histological elements of the midgut throughout 

the whole larval life is almost identical except a few
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minor differences. The elements consists of the following 
from the gut liiinen outwards (i) epitheli-um, (ii) 
basement membrane, (iii) circular muscle, and (iv) 
longitudinal muscle. Histologically, the anterior 
midgut and the posterior midgut are quite distinct. The 
epithelium of the anterior midgut consists mainly of the 
two types of columnar cells with infolding of the 
epithelium whereas the posterior midgut consists of 
only one type of columnar cells and without any infolding 
of the epithelium.

Anterior midgut
The epithelium of the anterior midgut is not uniform, 

Depending on the structural peculiarities of the epithelial 
cells, the anterior midgut of the larva can be 
distinguished into two sections; the anterior and the 
posterior.

As stated earlier a few cells at the anterior tip 
of the midgut which meet with the foregut epithelixim are 
quite distinct and forms an anterior imaginal ring. The 
midgut epithelium behind this ring consists of narrow 
and tall columnar cells, whose distal ends appear rather 
dilated (Pigs, 16,17,20 & 76), These cells measui'e 45-55̂ /ufl 
in height and 2 0 —28y m  in width near their apex and 5 - 8  

ĵum towards their base. This type of cells are abundantly 
seen towards the late larval stages. They appear to be
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very active in secretion. They have large and rounded 
nuclei situated towards the middle of the cells or 
slii,,htly distal. The nuclei are 6-10^^ in diameter.
When the cells do not show secretory activity their 
brush-borders can be seen distinctly. At this time it 
measures 2-2,5yUm in height. In the early larval instars 
(1 st and 2nd) the tall epithelial cells are shorter and 
appear more cuboidal than columnar (Pigs. 18 & 77). In the 
early larval stages they measure 22-25 yum in height and 
18-22j m  in width. Their nuclei measure 12-15ytim in 
diameter and brush-border 2-5yum in hei£;ht. These shorter 
cells appear to be less active in secretion than the 
taller cells of the late larval instars. Cytoplasm of 
these epithelial cells are uniformly and finely granular. 
Their nuclei contain numerous chromatin granules of 
various shapes and sizes. The epithelium rests on a thin 
basement membrane which is encircled by a single layer 
of circular muscle, about 2yum thick. External to the 
circular muscle layer there are a few bands of 
longitudinal muscles at regular intervals.

The regenerative cells of the anterior section of 
the anterior midgut epithelium are situated between the 
bases of the tall columnar cells. They remain scattered 
and hidden in the epithelium. In the tall columnar 
epithelium, the inner contour does not show any sign 
of the presence of regenerative cells (I'ig. 20), The
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regenerative cells are arranged in clusters, knovm as 
nidi. Each nidus is a short conical structure. The broad 
end of the nidus remain attached to the basement membrane 
and the narrow end is directed towards the gut lumen.
Each nidus bears 1-2 free nuclei in the early larvae (Pigs,
18 & 77 ) 2-3 nuclei in the late larvae (Fig. 20),
The nuclei of the nidus are smaller than the nuclei of 
the adjacent columnar epithelial cells. In the young 
larva, the nidi are 12-16ju m  high and 22-28^  wide at 
the base. The nuclei are roimd, about 7-9y^m in diameter.
In the late larva, the nidi measure 15-20yam in height 
and 20-2 5yam in width at the base, and the nuclei are
6 - 7 jd m  in diameter.

There are some infoldings of the epithelium within 
the anterior section of the anterior midgut. In this case, 
the epithelium is thrown into the gut lumen as very short 
villiform processes (Figs. 16, 17, 19 & 76). The cells in this 
region are exceptionally tall, their distal parts are 
broader than the basal parts. The cells measure 30-45 
in height and 15-20yjm in width at their apex and 3-7yim 
at their basal end. The nuclei of these cells are round, 
distally placed and with larger chromatin granules 
(Fig. 19), They measure 5-10yUm in diameter. The epithelial 
cells in the unfolded region adjacent to the folds are 
comparatively shorter and their nuclei also smaller. The 
base of the epithelial folds always has regenerative cells
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in the form of a nidus where it meets the unfolded 
epithelium (Fig. 1 9 ), The cella of the epithelial folds 
show distinct brush-border which is 1 - 2 y m  thick. The 
circular muscle layer does not enter into the folds 
but surrounds the epithelium, thereby leaving a space 
at the base of the folds (i.e. the villiform process). 
These spaces are filled with connective tissues masses.
The circular muscle layer at this region is 1 .R-Pyim 
thick.

The posterior section of the anterior midgut bears 
short and wide columnar epithelial cells and without any 
fold (I'igs, 21 & 78 ). These cells are large and wider than 
their height and are not dilated distally as observed in 
the anterior end (cf. Fig. 20), The cells are 1 5 - 2 0 ^  
high and 20-30^^^im wide. The nuclei are large and oval 
which measure 12-15/un by 8 - 1 0 The cytoplasm is 
coarsely granular and normally with small vacuoles. The 
brush-border of these cells are tall and very distinct, 
which measure 2.5-3.5/ im  in height. The epithelium as 
usual rests on a thin basement membrane, encircled by 
single layer of circular muscle which is 2-2 .5yum thick.

The tips of the nidi are not covered by the 
epithelium in this part of the mid^rut so that their 
contour is clearly visible in section (Fig, 21),
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Pos-terior midfiit

The posterior midgut of the larva includes both 
columnar and regenerative cells. The columnar epithelial 
cells of the posterior midgut are narrow and smaller 
than the cells of the anterior midgut (Fig. 22 & 23. The 
epithelial cells are 18-25yun high and 7 -10yim wide.
The cells are almost uniform in height and width, thus 
their inner contour is almost uniform. The cells rest 
on a thin hasement membrane lAniformly. The nuclei are 
round and small, and are slightly basal in position. The 
nuclei are 4-6yjm in diameter. The brush-border is 
distinct which is thick. The circular muscle
layer is very thin with sparsely arranged external bands 
of longitudinal muscles. The circular muscle layer is 
1-1.5yum thick.

The regenerative cells are in the form of nidi 
as found in the anterior midgut. But they are very few 
in number as compared to the anterior midgut. Each 
conical nidus measures 7-9^  in height and 7-9yim in 
width at the base. The nidi remain attached to the 
basement membrane at the base of the epithelium and 
can not be easily recognized. The nuclei of the nidi 
measure 3 . 5 - 4 . 0 in diameter.

Hindgut
The hindgut epithelium is made up of cuboidal cells 

except in the pylorus. Though the epithelium of the
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pyloric chamber consis-ts of highly specialized 
epithelial cells, yet it resembles more closely the 
hindgut than the midgut cells. The stratification of 
the histological element of the hindgut is similar to 
that of the foregut.

Pylorus
The pylorus is a transitional part between the 

midgut and the hindgut. The epithelial cells of this 
region resemble neither the cells of the midgut nor 
that of the hindgut. Actually they are specialized 
condition of the normal hindgut cells.

The Malpighian tubules open at the wide anterior 
end of the pylorus. Six Malpighian tubules originate 
independently from six zones of undifferentiated cells 
located at the bases of six epithelial folds (Figs. 24 & 79) 
The basal cells of each epithelial fold of the pylorus 
thus transform into a group of circularly arranged 
cells which are covered externally by the basement 
membrane. These are the basal cells of Malpighian 
tubules which push to bulge the external siorface of 
the anterior end of the pylorus, and are continued with 
the epithelium of the Malpighian tubules. As a result 
the circtilar muscle layer becomes discontinuous around 
the anterior end of the pylorus. The epithelial folds 
are very tall at the anterior end of the pylorus which
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almost fill up the ^ t  lumen, leaving a little space at 
the centre, thus acting together as an imperfect valve 
of the pylorus; but it can not be regarded as a "true 
pyloric valve”. Similar structure was observed by Ameen.

Rahman (1975) in T, castaneum larva,
The pyloric epithelium is thrown into six 

prominent longitudinal folds. The folds are very 
distinct at the anterior end of the pylorus where the 
Malpiijhian tubules make their origin. Towards the 
posterior end of the pylorus, the epithelial folds 
become gradually shorter with lateral extensions, 
thus increasing the lumen (Fig, 25). The epithelium 
of pylorus towards the anterior part consists of 
densely packed columnar cells with indistinct cell 
boxmdaries (Fig. 24). The epithelial cells are gradually 
transformed into an irregular cuboidal type towards the 
posterior end of the pylorus, which ultimately continue 
into the ileum. The nuclei of the pyloric epithelial 
cells are almost round or oval with fine chromatin 
granules. The cytoplasm appears to be finely granular. 
The intima is poorly developed in the pyloric epithelium.

The muscle layer is well developed towards the 
posterior end of the pylorus, where a few strong bands 
of circular muscles firmly encircle the wall of the 
pylorus and act as a "sphincter of the pylorus", which 
is common in many insects.
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Ileijun

The intima of the ileal epithelium is almost 
uniformly thick. It is a comparatively thin structure, 
lining the inner side of the epithelium. The intima is 

thick.

The epithelium is thrown into s i x  longitudinal 
folds which are continuous with the six folds of the 
colon. Of these six f-olds, three folds are shorter and 
alternate with the remaining three taller epithelial 
folds (Pig. 26), The cells are of irregular cuboidal 
type. The cells of the tip of the epithelial folds are 
slightly larger than those near the base,i.e.^ all the 
cells are not iso-diametric. The cells of the epithelial 
folds are 4 - 3 ^  high by 4-5yim width whereas those 
near the base are 2 - 2 . 3 high and 3 - 3 . 5 j m  wide. The 
nuclei are round to oval-shaped with distinct nuclear 
membrane and variously stained chromatin granules. The 
nuclei of the basal cells are 1 -1 .5ym, whereas the nuclei 
of the epithelial fold cells are 2 . 5 - 3 . 0 The cytoplasm 
of the cells is finely granular. Externally, the infolded 
epitheliiua is surrounded by a thin basement membrane. It 
is closely allied and continuous with the bases of the 
epithelial cells.

The musculature of the ileum is not so prominent. 
Usually one strand of circular muscle band encircles the 
gut with a few thin strands of longitudinal muscles
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attached with the circular muscle layer, near the bases 
of the epithelial folds. The circular muscle of the 
ileum is 2-3yim thick.

Colon
Histology of the larval colon is described in two 

steps firstly, the anteriormost part, about one-fifth 
of the total length of the colon, which does not take 
active part of the cryptonephridial system; and secondly, 
the posterior major part, about four-fifths of the total 
colon length, which takes part in the formation of the 
cryptonephridial system (Figs. 27, 28, 29 & 80).

In the first case, the histological structure is 
quite identical with the ileTom. Thus it hardly needs any 
elaborate description. However, the epithelial cells are 
comparatively regular and larger than the ileiun. The 
cells are wider than tall and almost iso-diametric.
These cells are 5-8yam high by 6-10yam width. The nuclei 
are also larger than those of the ileum. They are rotind 
to oval in shape. The nuclei measure 3-4yua. The intima 
of the anterior colon is 1-2yam and does not form any 
extra structiare. The circular muscle layer is more 
prominent than the ileal part which consists of two to 
three strands of circular muscles. The circular muscle 
layer is 3.5-7yiffl thick. The distal parts of the 
Malpighian tubules just adhere with the colon in a
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straight line. The trush-border of the Malpighian 
tubules still persists in this region (Fig, 27),

In the second case, where the cryptonephridial 
system is involved, the distal parts of the Malpighian 
tubules enter into a separate chamber around the colon 
wall (Figs.28,29 & 80) known as "cryptonephridia", In 

a-̂ S'lis larva, there is a limited space surrounding 
the colon known as the "cryptonephridial chamber" or 
"perinephric space". It is lined by a thin membrane 
known as the "perinephric membrane". The Malpighian 
tubiiles after following a straight course through the 
first part of the colon, gradually proceeds towards the 
posterior side of the colon in a convoluted manner within 
the cryptonephridial chamber. The epithelium of the colon 
within the cryptonephridial chamber is slightly different 
from that of its anterior free portion. In this case, it 
consists of flat cuboidal cells. The epithelial cells of 
the early larva are 5 - 9 high by 16-20j m  width, where 
the large rounded nuclei are 6 - 8 in diameter (Fig, 28).

' The cells of this region in late larva are 6-8 yum high
by 10-15yUm width, where the small oval or slight 
elongated nuclei are 2-3yjim by 4-7yUm (Fig, 29). The 
epithelial folds are very poorly developed. It rests on 

a thin basement membrane which adheres closely to the 
circular muscle except a few little gaps between the
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bases of the folds and the circular muscle layer. The 
intima is almost similar to the other parts of the colon. 
It IS 1 - 2 j m  thick. The circular muscle is thin and weak 
as compared to the anterior colon region. The circular 
muscle layer of the posterior colon region is 1 - 1 . 5 ^  
thick. This layer is a single stranded structure. The 
lumen of the posterior colon regional,e.^the 
cryptonephridial part of the colon is very spacious as 
compared to the other parts of the hindgut.

Rectum

Internally, the rectum of the larva of C. analis 
is characterised by the presence of spiny intima and 
"complex diagonal muscles", described by Reinecke ^
(1 9 7 3 ) around the normal circular muscle in the larva 
of Manduca sexta (1.).

The intima of the rectum is modified into projected 
spine-like structures, which may be called "rectal spines" 
like the pharyngeal spines of the same insect. The rectal 
spines are present at the top of each epitlielial folds, 
ihey are strong and stout with broad base and pointed 
tips, identical with the internal spinee of the pharynx. 
They are projected into the liomen and directed slightly 
backwardly. The intima with spines are 5-10yjm high of 
which intima is 1-1,5yUm thick (Figs. 30 & 81).
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The epitheli\mi is pleated into six longitudinal 
folds. The folds are prominent and imequal in height.
The basal parts of the folds remain free from the circular 
muscle layer whereas the other side of the epithelixim 
remain attached to the circular muscle layer. The cells 
are irregular cuhoidal type with curved outer margin 
which remain entangled with the basement membrane. These 
cells are 5.5-5.5_/im in height and 5.5-5.5yum in width.
The nuclei are small and round with distinct nuclear 
membrane and dot-like chromatin granules. The nuclei are 
2 , 5 - 4 in diameter. The cytoplasm is finely granular.

The musculature of the larval rectum is very 
characteristic because it is developed in a complex form 
unlike many other insects (Fig. 30), It consists of inner 
circular muscle layer, middle independent longitudinal 
muscle bands, and outer interwaven diagonal muscles. The 
circular muscle layer is a single stranded structure just 
surrounding the epithelium. It is 2-3.5yUm thick. There 
are six very prominent and isolated bands of longitudinal 
muscles present outside the circular muscle layer. These 
muscles are mviltinucleated and are situated near the bases 
of the epithelial folds. Thus, these six bands of such 
longitudinal muscles represent six epithelial folds of 
the rectum. This type of longitudinal muscles are 5-6yUm 
by 10-15yam. There is a thick layer of complex muscles 
surrounding the circular and the longitudinal muscles.
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This layer consists of 4-6 strands of muscles, loosely 
arranged on themselves in a sewing manner thus making 
a complex system of musculature (Fig. 30). The diagonal 
muscle layer of G. analis larva is 15-25^/im thick. Since 
the circular muscle layer is poorly developed in the 
rectum of the larva, it needs additional support to 
squeeze out the waste products from the lumen of the 
rectum. It is probable that this type of complex muscles 
may exert pressure upon the gut wall and thus propel out 
the faecal matters to the exterior.
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III.B. 1(b). HISTOLOGY 01' THE PUPAL GUT OF C. AWALIS

It is very difficult to describe the typical 
histological structures of a pupal alimentary canal 
since it is always in a state of metamorphic changes.

^ However, attempts have been made to describe the
alimentary canal of an advanced (late) pharate pupa.

Foregut
Essentially the histological elements of the 

foregut represent the intermediate condition of the 
late larva and the adult. The intima of the foregut is 

^ relatively well developed than that of the larva and
is closely similar to that of the adult. The epithelium 
of the foregut consists of undifferentiated cells, 
sometimes resembling a syncytial epithelium.

Pharynx
The intima which sloughted off and discharged out 

of the lumen during pre-pupal and early pupal condition,
^ reappeared now in the late pharate pupa, observed in

the present investigation (Fig. 4 3  & 93). This intima is a 
newly formed structure developed during pupal stage. It 
is thickest at the apices of epithelial folds and projected 
into the lumen as a few weakly developed "pharyngeal 
spines" which are lonequal in shape and size. The
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epithelial folds are identical with the folds of the 
adult epithelium. The epithelial cells are not 
distinguishable from each other due to their indistinct 
adjacent cell boundaries. The whole pharyneeal epithelium 
apparently looks like a thin, vacuolated film of 
cytoplasmic contents with sparsely distributed nuclei 
which appear almost syncytial. The nuclei are distinct, 
rough and irregularly ro\md and with various chromatin 
granules. The basement membrane is not easily 
recognizable. Muscle layer is similar to that of the 
adult but they are rather loosely arranged. Longitudinal 
muscles are not visible. Pharyngeal dilator muscles 
remain attached with the wall of the pharynx (Fig, 43).

Oesophagus

The oesophageal intima towards the anterior and 
the middle part is almost uniform and without any 
projection. Whereas in the posterior part of the 
oesopha£TLis, it is projected into the lumen as long 
spiny structures, comparable to the "oesophageal spines" 
of the adult, but are less developed (Fig, 43), The 
nature of the epithelium and its nuclei are almost 
similar to that of the pharyngeal region. The structural 
pattern of the epithelial folds are similar to those of 
the adult. The circular muscle layer is not so prominent 
as in the pharynx. It is single-layered structure. 
Longitudinal muscles are not visible.
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Froventriculus

Proventricular intima is more developed than that 
of the larval proventriculus. The intima of the anterior 
half of the proventriculus is modified into prominent lohes, 
each of them representing the adjacent cell of the 
epithelium. Each lohe is provided with a long selerotized 
intimal projection, nearly identical with the 
"proventricular needles" of the adult, developed from 
the "proventricular spines" of the larva. But these 
"proventricular needles" are structurally weaker, 
therefore^these can be considered as developing 
proventricular needles (Fig. 43). These structures are 
not so tiny as the "proventricular spines" of the larva 
or such a long structures ae the "proventricular needles" 
of the adult of C, analis (cf. Figs. 16, 17, 35, 36, & 37).

Posterior half of the proventriculus does not bear 
any intimal lobe or any intimal projection. The intima 
of this region is found to be continuous with the 
anterior part but does not line closely with the 
epithelium. The epithelium is quite identical with the 
oesophageal epithelivua. Muscle layer includes one to 
two sets of circular muscle bands surrounding the 
epithelium.

Proventricular inva/^ination
Proventricular invagination of the pupa is very 

distinct and resembles that of the adult (Fig. 43).
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It is characterised as follows (i) The proventricular 
epitheliiim has not yet i'ormed any "proventricular valve" 
as observed in the adult (cf. Pig. 37), but the epithelium 
is more extended towards the lumen which ultimately 
developsas the "proventricular valve", (ii) The imaginal 
ring cells which were more active during pre-pupal and 
early pupal condition^, still continue to be active which 
is proliferating in the form of cellular"droplets". These 
cells ultimately help in developing the midgut epithelium,
(iii) The intima of the proventricular invagination is 
very thick. It extends a little distance into the 
anterior midgut and blocks the passage, probably^, to 
restrict the entrance of "yellow bodies" from the midgut 
into the foregut, (xv) The neck of the proventricular 
invagination is very prominent which extends a long 
distance into the midgut. A narrow space between the 
proventricular epithelium and its reflexed outer 
epithelium is filled with a few very weakly developed 
sphincter muscles, (v) "Transitional cells" between 
the ioregut and midgut epithelium, are very distinct.
These cells are lined towards the Itimen by a stream 
of proliferating cells, originated from the anterior 
imaginal ring cells (Fig. 43).
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Midgut
The characteristic features of the pupal midgut 

are the following
(i) The midgut lumen remains filled with "yellov 

bodies" as observed by many workers, viz., Dufour (1846), 
Weismann (1864), Ganin (1876), Kowalewsky“̂( 1887) , van 
Rees (1888), Perez (1910a), Mansour (1927), Gray (1931), 
Bushnell (1936), Pajni (1967), Kathuria (1971), and 
Strambi (1976). In C, analis. the yellow bodies are 
actually the remnants of the larval midgut epithelium 
along with the digestive products, which are produced
in the form of secretory droplets and are ultimately 
deposited in the lumen in a modified condition. These 
yellow bodies consist of large bodies^which bear distinct 
large nuclei, smaller bodies without nuclei, and dot­
like grannular bodies. These are roimd structures; 
numerous in number, and remain distributed in a fluid 
medium of the midgut lumen. They are the nourishing 
products for the future imaginal (developing) cells. It 
was observed that the "yellow bodies" gradually decrease 
in amount with the development of the adult epithelium 
and ultimately disappear from the lumen of the midgut.

(ii) The midgut epithelium does not show any 
structural differentiation though there is a morphological 
distinction. The cells are columnar but wider and 
irregular in shape i.e. their inner margin are often
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irregularly protruded towards the lumen. Brush-border is 
not visible. The cytoplasm is coarsely granular and often 
with small vacuoles. The nuclei are comparatively large, 
and centrally placed. They are apparently round but with 
rough surface and possess various chromatin granules (Figs, 
44 & 94 ), The cells measure 8 - 1 5 in height and 6-10 

^  in width, and the nuclei measure 4 - 7 J im  in diameter.

(iii) The regenerative cells are not easily 
recognizable in the late pharate pupa, but they are 
clearly distinguishable in the non—pharate pupa, as 
observed in a cross section (Figs. 45 & 95). In this case, 
the regenerative cells occur singly in the form of nidi, 
which are identical with the nidi of the larva, but they 
are always found to be uninucleated. These cells would 
soon become multinucleated to form the future adult 
regenerative cells in the form of crypts,

(iv) A stream of proliferated cells from the 
anterior imaginal ring cells near the entrance of the 
foregut into the midgut (Fig. 43) and a stream of 
proliferated cells from the posterior imaginal ring 
cells near the entrance of the midgut into the hindgut 
(Figs, 46 & 9 6 ) still exist.

(v) A single layer of moderately developed 
circiilar muscle encircles the whole midgut epithelium.
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Ilindpozt

The pupal hind^ut is almost identical with the 
fore^rut in its essential histology except the pylorus.

Pylorus

The pyloric epitheliiua consists of anterior tall 
and narrow columnar cells which gradually become shorter 
and wider towards the posterior end to become cuboidal, 
nearly identical with the ileal cells. There is no 
intima at the anterior end whereas it is more or less 
developed towards the posterior end of the pylorus. All 
muscles including the "pyloric sphincter muscles" are 
weakly developed as compared to the pylorus of the 
larva (Pig. 46).

Ileiua

The ileal intima is a lamellated structure which 
is thrown into the lumen as wrinkles. In gross appearance^ 
the ileal epithelium looks syncytial since cell boundaries 
are very indistinct. Six epithelial folds are prominent, 
almost covering the liamen of the gut. The nuclei are often 
very large and distinct. Basal space of each epithelial 
fold is comparatively large and without any connective 
tissue masses or traces of longitudinal muscles 
unlike those of the larva and the adult (Pigs. 47 & 97),

Dhaka University Institutional Repository



- 88 -

Colon
The colon is internally provided with a more or 

less thick intima imlike those of the larva and the adult 
(i'ig, 48). The epithelial cells are distinct and are more 
or less re^iilarly arranged. Round to oval nuclei are also 
distinctly visible and with numerous chromatin granules.
The muscle layer comprises of a poorly developed circular 
muscle band which separates the colon epithelium from the 
surrounding cryptonephridial chamber (Figs. 48 & 9 8),

Rectum
The intima of the pupal rectum is irregularly thick 

and continuous throughout its length. It is provided with 
a few "rectal spines" towards the posterior part of the 
rectum. The epithelial folds are comparatively shorter 
towards the anterior part and taller towards the posterior 
part of the rectum (Fig. 49), which indicate that the folds 
of the anterior rectum are developing as "rectal pads" and 
the folds of the posterior rectum as "rectal papillae" of 
the future adult. The epithelium appears to be syncytial 
due to indistinct adjacent cell-boundaries. Rovind nuclei 
are distinctly visible in the rectal epithelixim. There is 
a thin layer of circular muscles; outside this, a complex 
of poorly developed and haphazardly arranged "diagonal 
muscles" are also seen in the pupal rectum (Figs, 49 & 99),
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III.B. 1(c). HISTOLOGY OF TilE ADULT GUT OP C. AiaLIS

Histologically the fore-and hindgut are more or 
less identical, but they are quite distinct from the 
midgut. Like that of larva, a peritrophic membrane was 
not found in the gut of adult C. analis.

Foregut
Among the three regions of the foregut of adult 

C. analis, the histological appearance of the pharynx 
and the oesophagus are almost identical except a few minor 
differences. The proventriculus is highly modified into a 
complex structure due to the presence of numerous needle­
like intimal projections, which have been termed here 
as the "proventricular needles".

Pharynx
The intima of the pharynx is irregailarly thick and 

continuous with the intima of the oesophagus. It is 
thickest at the apices of the epithelial folds and 
thinnest near the bases of adjacent folds, Intima of the 
anterior pharynx is provided with a few "pharyngeal 
spines" (Figs, 31 & 82), whereas the posterior part of the 
pharynx lacks such pharyngeal spines (Figs, 32 & 83), These 
spines are shorter than the pharyngeal spines of the 
larva. Similar spines were also observed by Sinha (1958b)
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in four species of tenebrionid beetles, where the spines 
were concentrated on a part of the dorsal surface of the 
pharynx. Khatoon (1983) found hair-like "pharyngeal spines" 
in the dung beetle, Catharsius sagax (Quens.), Hussain 
(1983) observed needle-like "pharyngeal and oesophageal 
spines" in Alphltobius diaperinus (Panzer), but \mlike 
that of C, analis they were very few in number. The 
intima of the posterior pharynx is rather extended at the 
apex of each epithelial fold, where it measures about 1 0- 
1 5 thick (Fig. 32), In the anterior pliarynx, the intima 
with spines measures about 5-1 0yim, of which the intima 
alone measiires 2 - 3 in thickness (Pig. 3 1 ).

The epithelium of pharynx apparently looks like a 
ribbon of haphazardly arranged unequal cells, attached 
end to end. The cell-boundaries of adjacent cells are 
often very indistinct. The cells are of cuboidal type, 
which measure 3-6ja m  in height and 3-6j m  in width. The 
nuclei are round to oval which measure 2-4 ^̂jim in diameter. 
The nuclei show distinct nucleoli and many chromatin 
granules. The cytoplasm of the cells appears to be 
homogenous and non-granular. The pharyngeal epithelium 
is thrown into the Itimen as six alternately taller and 
shorter folds towards the anterior part of the pharynx, 
which gradually become almost equal in height towards 
the posterior end of the pharynx (cf. Figs, 31 & 32),
There is a gap between the base of an epithelial fold
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and the outer circular muscle layer, which is filled with 
connective tissues. A few bands (usually 2-4 bands, 
observed in each section) of strongly developed 
longitudinal muscles remain embeded in this connective 
tissue mass. The outermost layer consists of 2-3 strands 
of circular muscles. They are well developed and are 
closely attached with each other. The circular muscle 
layer measures 8-13y^m in thickness.

Oesophagus
The intima of the anterior oesophagus is similar 

to that of the posterior pharynx, but it is less thick. 
This intima gradually becomes more sclerotized towards 
the posterior oesophagus, where this layer is modified 
into spines, known as the "oesophageal spines" (Figs, 33 

34 & 84). These oesophageal spines are morphologically 
almost similar to the pharyngeal spines but are slightly 
taller. Oesophageal spines are continuous with the 
needle-like intimal processes of the proventriculus 
(Fig, 37). The intima along with the oesophageal spines 
measure about 6-12yam in length. Similar sclerotized 
oesophageal intima with "intimal hairs" continuous with 
the proventriculus or "gizzard” was observed in the 
beetle, Cyaneolytta acteon lap. (Goel, 1969).

The six tall epithelial folds of the anterior 
oesophagus gradually become shorter and broader and
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transform into eight very short and flat folds, comparable 
with the proventricular epithelial folds (Fig, 33). The 
oesophageal epitheli\im is morpholoeically identical with 
that of the pharyngeal epitheli\im. The epithelial folds 
are taller towards the two ends of the oesophagus and 
shorter in the middle. The epithelial cells and their 
nuclei are almost identical with the cells and nuclei 
of the pharyngeal epithelium. The cells are 4-7yjm in 
height and 4-7y j m  in width, the nuclei measure 2 . 5 ~ ^ y m  

in diameter. The epithelium is encircled by a thin 
basement meinbrane, outside which are one or two bands 
of circular muscles. A few bands of poorly developed 
longitudinal muscles remain embeded in the connective 
tissue masses near the bases of the epithelial folds.
The circular muscle layer measures4-7y^ in thickness 
in the middle of the oesophagus.

Proventriculus
Histologically, the proventriculus is distinguished 

into two sections an anterior and a posterior, which 
are marked by a slight constriction at the middle of the 
proventriculus (Figs, 37 & 8 7 ).

The intima of the proventriculus is sclerotized 
into a narrow strip of uniform thickness which lines the 
inner surface of the epithelium (Figs. 55 & 85). From this 
lining numerous needle-like structures originate and
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project into the lumen. These are the "proventricular 
needles" which develop aroxmd the inner surface of the 
anterior section of the proventriculus (Figs. 35, 36 & 
37). These needles are very long and directed hackwards. 
Probably, the needles of the proventriculus together 
act as a sieve. However, the exact function of these 
type of. proventricular needles is not determined,
Strambi (1974) found small chitinous spines in the 
proventriculus of a catopid beetle, Tro^lodromus bucheti 
i^aveti Dev, which are involved in crushing of the food, 
Dalfour-Browne (1934) observed "proventricular teeth" 
or "proventricular hairs" in the Dytiscidae vrhich act 
as a mill for crushing partly-digested food materials 
or as a filter respectively. Mathur & Goel (1966) found 
numerous bristles in the proventriculus or "gizzard" of 
Cybister tripimctatus asiaticus Sharp. KTomerous bristle­
like spines were found in the proventriculus of Calandra 
piranaria L. (Dennell, 1942), which together act as a 
sieve of the proventriculus. The sclerotized zone of 
intima in the anterior proventriculus is 1 - 1 . 5 thick. 
The proventricular needles are found to be 15-35̂ /̂UQ in 
length. •

Posterior section of the proventriculus does not 
possess any "proventricular needles" or any other extra 
structures (Fig. 37). The intima in this case, is very 
prominent and folded towards the tip of the epithelial 
folds where it measures 5-9 )um in thickness.
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The epitlielixim of the anterior part of 
proventriculuB is irregularly thick and ribbon-like.
The epithelium is thrown into the lumen as ei^ht regular 
folds, of which four folds are shorter than the remaining 
four folds (Pig, 36), Similar tall and short 
proventricular epithelial folds were found in the beetles, 
Iilpicauta cinera marginata F. (Everly, 1936) ; Macrobasis 
imicolor Kirby (Judd 7^1947); Cvaneolvtta acteon Lap, 
(Goel, 1969); and many others. The cells are 4-6j m  in 
height and 4-6yum in width. The nuclei are round to oval, 
which measure 2 - A j ^  in diameter. The epithelium of the 
posterior part of the proventriculus is taller than the 
anterior part, where the cells are 6-8 ^̂;um in height and 
8-10yjm in width. Their nuclei measure 3 - 7 in diameter. 

Muscle layers include a few bands of poorly 
developed longitudinal muscles situated in the connective 
tissue masses at the bases of epithelial folds, and a 
layer of outer circular muscle consisting of a single 
strand, measuring 4-6^^^ in thickness,

Proventricvilar invagination
The proventricular invagination is very distinct 

in the adult. It looks like a valve introduced into the 
anterior end of the midgut (Fig. 37). The intima of the 
proventricular invagination is not sclerotized and does 
not form any extra structure like the proventricular
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needles, spines, iiairs, teeth and bristles etc. The intima 
is very thick and folded, which extends into the anterior 
midgut, This extended part measures 6-1 in thickness.

The epithelium of the proventricular invagination 
is almost similar to that of the proventriculus, except 
that a layer of cells in the reflexed outer epithelium 
is transformed as "transitional cells” between the foregut 
and midgut epithelium. The transitional cells possess 
neither intima nor brush-border. Their nuclei are smaller 
than the nuclei of the proventricular cells. The 
transitional cells measure 5-8^ ^  in height and 5-8 ^  
in width. Their nuclei measure 5 - 4 . 5 ^  in diameter.

The epithelium of the proventricular invagination 
is distinctly folded anteriorly into lobe—like structures 
which may act like valves (Fig. 37). These folds together 
can close and open the lumen of this region and thereby 
these can be regarded as "proventricular valves", which 
are absent in the larva of C. analis.

Besides the normal musculature of the proventricular 
region and the anterior midgut region, the narrow neck of 
the invagination is invested by ntunerous extra muscles 
which are known as the "sphincter muscles" of the 
proventricular invagination. These are prominent 
structures in the adult (Figs. 36 & 37).
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Midpnit

The epithelial cells of the midgut of adult of
C. analis are typically tall columnar cells except the 
anteriormost lobed part surrounding the invaginated 
proventriculus, where the cells are comparatively 
shorter (Pigs, 56 & 8 6). There is no other differentiation 
of the epithelial cells between the anterior and 
posterior midgut, even among their subregions, as 
observed in the larval midgut. Only, the cells of the 
posterior midgut are comparatively smaller than those 
of the anterior midgut. The cells of both regions of 
the midgut are narrow and almost cylindrical which are 
more or less \miform in diameter, during non-secretory 
condition. Most of the times during the present 
investigations, the cells were found more or less in 
a secretory condition (Figs, 38 & 8 8). Due to their constant 
secretory condition the exact structure of the brush- 
borders and their measurements were not possible. The 
cells of the anterior midyit measured 20-25yum in height 
and 3 ,5-4yUm in width, whereas the cells of the posterior 
midgut measured 15-20j m . in height and 3 . 0 - 3 . in 
width. The nuclei are elongated with numerous prominent 
chromatin granules of various shapes and sizes. Nuclear 
membrane is also distinct. The nuclei of the anterior 
midgut cells measured 6-1 0 j m  by whereas the
nuclei of posterior midgut cells measured 4 - 7 by 2,5-3.0 um
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Unlike the larval midgut, the regenerative cells 
remain isolated from the normal epithelial cells. In this 
case, the cells remain in the evaginated part of the gut 
vail, like a short tubular outpocket, known as the crypt 
of the midgut. Each crypt bears a series of regularly 
arranged, very short cells with prominent nuclei. The 
cells are of conical to slightly cuboidal type. The 
nuclei of these cells cover almost the whole interior 
of each cell, A few cells near the opening of the 
crypts into the Imnen bear large round nuclei which 
are quite identical with the crypt cells (Fig, 38), The 
nuclei of the crypt cells are large and round, with 
n-umerous, variously-shaped chromatin granules. The 
crypt cells measure 8-12 j m .  in width at the base and 
their nuclei are in diameter. The bruah-borders
of the epithelial cells are often found to be very 
indistinct. This lining is about in thickness,

A thin basement membrane encircles, the whole 
epithelium including the crypt cells. In the gut 
epithelium the basement membrane is not easily 
distinguishable but in the crypt it is clearly visible. 
The circular muscle layer is a poorly developed single­
stranded structure. It does not cover the outer margin 
of the crypts,i.e.^the crypts are always devoid of 
any external musculature. The circular muscle layer 
measures about  ̂ , 3 - 2  ^ m . in thickness. There are a very
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few weakly developed and isolated bands of longitudinal 
muscles resting on the outer side of the circular muscle 
layer. They are set on the circular muscle layer at 
regular intervals, and are normally placed near the 
adjacent sides of the basal parts of crypts. The crypts

A
are always invested externally by a peritoneal membrane 
(Fig. 38). A peritrophic membrane is never found in the 
adult midgut.

Hindgut
The histology of the adult pylorus is quite similar 

to that of the larva, and, therefore, does not require 
^ separate description. Some structural peculiarities were

observed in the adult rectum which have been elaborated 
below.

Ileum
The thin ileal intima measuring 1.5-2^^^ in 

thickness, lines the lumen side of the epithelium. The 
epithelium is pleated into six regular longitudinal 

' folds, where three folds are taller and alternate with
three shorter folds. The epithelium consists of cuboidal 
cells which are not iso-diametric. They remain attached 
to each other in an irregular pattern (Figs. -̂9 & 89). The 
cells near the base of the epithelial folds are 
comparatively smaller than the cells of the folds proper.
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These cells measure 5-9yun in height and 5-9yim in width. 
Their cytoplasm is finely gran\ilar and the nuclei are 
distinctly visible which are round to oval in shape.
They measure A - S j x o i in diameter. Each nucleus contains 
a distinct nucleolus and n-umerous deeply stained 
chromatin granules of variable shape and size. Nuclear 
membrane is also visible. The epithelium rests on a 
basement membrane which is a thin structure but is 
distinctly visible in most of the sections.

The muscle layers include mainly a ring of single 
stranded circular muscle band surrounding the epitheli\m. 
It measures 2 - f > jm . in thickness, Besides^a few isolated 
bands of very poorly developed longitudinal muscles 
remain embedded in the connective tissue matrix near, 
the base of the epithelial folds.

Colon
As in the larva, the colon of the adult C. analis 

is also associated with the cryptonephridial 
system, where the colon is invested externally by 
convoluted distal parts of the Malpighian tubules within 
a chamber. This is a common occurrence in many beetles 
and lepidopteran larvae as described by Saini (1964).
The detailed account of the cryptonephridial system is 
given in a separate chapter on Malpighian tubules.
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Unlike the larval colon, there is no histological 
differentiation "between the anterior and the posterior 
regions of the adult colon. However, the six epithelial 
folds gradually become shorter towards the posterior end 
and thereby gradually increase the diameter of the lumen 
(Figs. 40 & 90),

The colon intima is variable in thickness, 
measuring 1 , 5 - 2 . 5 The epithelium consists of 
cuboidal cells which are almost regularly arranged in 
the form of a ribbon as seen in cross sections (Fig. 40), 
The cells are nearly iso-diametric and usually slightly 
wider than tall. The cells meae\ire 5 - Q j m . in height and
7-10yUm in width. The nuclei are round to oval and have 
distinct chromatin granules of various shapei and sizes, 
and are often seen with distinct nucleoli and nuclear 
membrane. The nuclei measure 3.5-7yim in diameter, A thin 
basement membrane is also distinct.

The circular muscle layer, which encircle the colon 
epithelium, marks the boiondary between the colon and the 
"cryptonephridial chamber", "Leptophragma" of the 
cryptonephridial chamber is found to be continuous with 
the gut lumen through this circular muscle layer (Fig, 40), 
The circular muscle layer is poorly developed and single­
stranded which measures 1 - 1 , 5 in thickness.
Longitudinal muscle bands are not found in the colon, 
probably^due to their negligible size.
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Rect-um
Some structural peculiarities are observed in the 

rectum of adult C. analis. Histologically, the rectiim is 
clearly distinguishable into two sections the anterior 
"rectal pad" region, and the posterior "rectal papilla" 
region.

The initial part of the rectujn, just behind the 
cryptonephridial system, bears six regularly arranged, 
very flat epithelial folds with tliick intima, and wide 
lumen. These short epithelial folds may be regarded as 
the "rectal pads" (Figs. 41 & 91). Hussain (1983) also 
recognized such rectal pads in Alphitobius diaperinus 
but tmlike that of Ĉ, analis. the pads were associated 
with the trachae. Immediately behind the rectal pad 
region, the epithelial folds become exceedingly narrow 
and elongated, almost closing the lumen, which may be 
called "rectal papillae" (Figs. 42 & 92), But these two 
structures differ slightly from the description of 
Snodgrass (1955). According to Snodgrass (1935, pp. 381 
& 382)j "The rectal pads are areas of the wall of the 
rectum on which the epithelium is composed of high, 
columnar cells forming elongate oval bodies elevated 
on the sides toward the lumen. The intirua is usually 
thin over the surface of each pad but forms a thickened 
rim around its margin. Typically the rectal pads are 
six in number, equally spaced around the anterior part
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of the rectal sac, with their 3.ong axes longitudinal".
Again he noted, "The rectal papillae are hollow, conical 
invaginations of the intestinal wall. The position of 
each is marked externally by a pit, which is penetrated 
by ramifying tracheal branches". Sondgrass (1935) mentioned 
that the rectal pad is absent in Coleoptera. But according 
to Palm (1949) and Keichenback-Elinke (1952), these 
structures are found, among Coleoptera, only in the 
Silphidae and some Adephagan families. However, the 
present investigation showed the presence of "rectal pads" 
and "rectal papillae" only in the adult C. analis, a 
representative of the family - Bruchidae,

In the present material, the anteriormost part of 
the rectum or the rectal pad region (called "rectal sac" 
by Snodgrass, 1935) consists of six very simple rectal 
pads formed by the normal epithelium with moderately 
thickened rim of intima. The lumen is very spacious 
which accomodates a large amount of faecal mattery.The 
intima is 2 - 3 thick. The epithelial cells are large 
and apparently look like glandular cells, which are of 
irregular cuboidal type (Fig. 41). These cells measure 
4-7^^ in height and 4-7yum in width. The cells of the 
apices of the folds are usually larger than the cells 
of the basal parts of the folds. The nuclei are also 
large, round or oval, and measure 3-6^^^ in. diameter.

The posterior part of the rectum or the rectal 
papillae region (called "rectxun proper" by Snodgrass, 1935),
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consists of very narrow, elongated and flexible epithelial 
folds, which extend upto the centre of the liuaen (Figs. 42 & 
92). There are six such very long folds which alternate 
with six shorter folds. The intima of these folds are 
thicker than those of the anterior pad region and are 
provided with a few "rectal spines" which are almost 
similar to the spines of the larval rectixm. The spines are 
4-8y m  in length and the intima is 2 - 5 jm n thick. The cells 
are slightly wider than tall. These cells and their nuclei 
are comparatively smaller than those of the anterior 
region. The cells measure 3 - 5 in height and 4 ~ S j m  in 
width, where the nuclei are 2-4̂ ^̂ um in diameter.

The functional significance of the "rectal pads" 
and "rectal papillae" in the adult of C, analis is rather 
uncertain and a matter of later investigation. Yet, it is 
probable that the rectal pad region facilitates temporary 
storage of a large amount of faecal matters. Afterwards, 
these are slowly passed through the posterior rectum by 
the undulatory movements of the rectal papillae and 
ultimately thrown out of the rectum. During this course, 
the greater surface area of the rectal papillae help to 
conserve more water from the outgoing faecal matters, 
V.'igglesworth (1932 & 1972) considered these structures 
as the sites of water conservation by reabsorption from 
the faeces and inorganic ion reabsorption.
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III.B. 1(d). KciTAl'iOIiPIilC CHANGES (HISTOlOGICAl) IK THE 
THE ALIMEKTART CAKAL OE C. AKAI/IS.

Major histological changes in the alimentary canal 
of C, analie do not take place during the various larval- 
larval motilts. However, some drastic changes occur during 
larval-pupal and pupal-adult moults. In addition,some 
major histological changes take place, specially in the 
midgut region, towards the end of the last larval instar. 
This is also accompanied hy some changes in the external 
appearance of the last larval stage. These have been 
described earlier (vide pp. 45-50). This part of the last 
larval stage has been earlier referred to as the 
"prepupal stage" for the convenience of description. 
However, it should be emphasized that no moulting 
(apolysis) was observed between the last larval and 
prepupal stages. In otherwards, "prepupa" of C. analis 
is not a distinct instar separated by apolysis from the 
last larval and pupal instars. It is just a part of the 
last larval instar when some changes in external 
appearance accompanied by internal histological 
reorganization of some of the organ systems take place.

The histological changes in the alimentary canal 
of analis during metamorphosis are discussed below 
under two headings for the ease of description, viz, ;
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i) Histological changes during larval-larval 
moults, and

ii) Histological changes during prepupal (i.e. 
last larval) stage, prepupal-pupal, and 
pupal-adult moults.

i) Histolo/;ical changes during larval-larval moults 
There is no drastic metamorphic change like 

histolysis or degeneration and regeneration of the 
entire gut epithelium during the whole larval life 
except during the prepupal condition of the last larval 
stage. Only the normal growth and development of the 
histological elements proceeds through successive 
larval instars. However, the following histological 
changes were observed in the larval alimentary canal 
of C, analis.

Development of the proventriculus begins in the 
early 5rd instax larva just after the 2nd larval moult, 
with the addition of epithelial cells from the posterior 
end of the oesophageal invagination. The cells of the 
proventriculus are quite similar to those of the 
posterior oesophagus. Intima becomes more sclerotized 
in the form of a thin and \miform strip lining the lumen 
side of the epithelium but still devoid of any thickening 
or spines. Towards the beginning of the 4th instar 
larva (i.e. just after the 3rd larval moult), the
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proventricular epithelium becomes adorned with thickened 
intima with short spines. The lumen becomes more spacious 
than that of the 3rd instar condition.

Any remarkable structural changes of the foregut 
and the hindgut epithelia throughout the larval life 
was not observed. These larval epithelia, derived in the 
1 st instar from the embryonic condition, continue to grow 
in size only without alteration of the basic pattern of 
the cells. The epithelial cells thus gradually attain 
their full grown condition, as described earlier (vide 
pp. 59-68 & 73-80),

The epithelial cells of the anterior midgut of the 
early larvae (1 st and 2nd instars) are more or less 
similar throughout its whole length. This epithelium 
gradually becomes differentiated into an anterior part 
with tall and narrow columnar cells and a posterior part 
with short and wide columnar cells in the 3rd and 4th 
instars, as described earlier (vide pp. 68-71)

There is no active role of the regenerative cells 
in the formation of a new epithelium or regeneration of 
the old epithelium in any stage of the larval life except 
in the prepupa. The regenerative cells are always fovind 
in the form of nidus, remaining anchored as usual at the 
base of the epithelium. During early stages of the larva 
(1st and 2nd instars), each nidus bears 1-2 nuclei. But 

in the later stages (3rd and 4th instars) each nidus
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normally bears 2-4 nuclei. The basic structural pattern 
of the nidi remain identical throughout the whole larval 
life except during the prepupal condition,

ii) Histolofi'ical changes during prepupal (i.e. last larval) 
stage, prepupal-pupal. and pupal-adult moults

Drastic and remarkable histological changes in the 
alimentary canal of C. analis are observed during the 
transformation of the larva into the adult form. A 
detailed accoxmt of the various metamorphic changes of 
the three regions of the alimentary canal in the prepupa, 
pupa and the early adult of C, analis are described 
separately below.

Foregut
Prepupal changes : V/ith the advent of the prepupal
condition in the late larva of C. analis. the lumen of 
the foregut begins to diminish in volume. With the 
shortening and straightening of the foregut, the 
epitheli\im along with other histological elements also 
modify. The lumen becomes empty. The intima begins to 
separate from the epithelium which is ultimately 
discharged into the lumen and then gradually 
disintegrates along with the "yellow body".

Pupal changes : After the last larval moult, as
observed in 1 - 2  days old pupa, the foregut epithelium
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does not bear any intima. The detached intima remains 
agregated in the centre of the Iximen (Figs, 50 & 100), It is 
continuous throughout the length of the foregut lumen.
It is agregated mostly in the "proventricular 
invagination" region and it temporarily blocks the 
lumen (Figs, 51 & 101), Meanwhile, a stream of proliferated 
cells from the anterior imaginal ring make an "anterior 
plug" in the foregut-midgut jimction. In C, analis, the 
proventricular invagination is neither retracted out 
nor does it straighten from the larval condition. There 
is a non-nucleated part at the posterior end of the 
proventricular invagination which bears a homogenous 
cytoplasmic content (Fig. 50), The foregut epithelium 
still remains cuboidal with indistinct cell boundaries 
and with a little loss of its cytoplasmic content. The 
muscles begin to histolyse.

In 5-6 days old pupa, there is no trace of any 
intima or its processes in the foregut lumen which has 
distintegrated already. The entrance from the foregut 
into the midgut is now completely obstructed by the 
proliferated cells of the anterior imaginal ring 
(Figs. 52 & 102), The "anterior plug" thus formed restricts 
the entrance of yellow bodies from the midgut into the 
foregut. The foregut epithelium is almost uniform in 
height. The cells loose a good amoimt of cytoplasm 
during and after the detachment of the intima. Due to
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this loss, the cells "become narrower, laterally 
compressed, and intercellular spaces appear iDetween 
them. Nuclei become slightly elongated some of which 
touch the two lateral cell boundaries. The circular 
muscles and the sphincter muscles become completely 
histolysed, A few transitional cells (Figs, 51 & 52) near 
the proventricular invagination divide and give rise to a 
multinucleated structure which ultimately occupy the non­
nucleated area (Fig# 50), and becomes packed with nuclei. 
These nuclei migrate towards the growing epithelial 
folds of the proventricular invagination and ultimately 
form the "proventricular valve" as in the adult insect, 
Intima along with very delicate processes are often 
found to develop in the late pupal foregut (Figs, 43 & 9 3)

Early adult changes : After the pupal moult, the
epithelial cells of the foregut regain their normal 
shape and size in the new adult, i,e,, the cells become 
cuboidal as described in adult histology (vide pp, 89-95), 
Soon after this, the intima gradually appears as a very 
thin and \iniform layer. This new adult intima becomes 
gradually thicker and develops numerous spines. The 
proventricular needles make their full appearance before 
the emergence of the adult from the pabulum. The 
musculature also develops along with these changes.
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Midfrut
Prepupal changes : During early prepupa, wiien the larva
becomes straight, the epithelial cells of the midgut become 
more crowded on the dorsal side than on the ventral wall 
(Figs. 16 (S: 17). The wall shows several infoldings of the 
epithelium which become more prominent on the dorsal side. 
The cells of these folds show more secretory activities 
than those situated in the \infolded areas of the 
epithelium. Due to this profuse secretion by the dorsal 
folded epithelium (Figs, 16 & 76), the region soon shrivels 
and looses its folded appearance.

A few cells at the extreme anterior and posterior 
ends of the midgut proliferate very actively and thus they 
act as an anterior and a posterior imaginal ring, 
respectively. The larval midgut continues to contract 
due to the exhaustion of the secretory epithelial cells 
which detach from the epithelium and are thrown into the 
lumen.

In the late prepupa the midgut cells secrete 
actively. A large number of secretory vesicles deposit 
in the gut Ixunen. Along with the secretion droplets, 
parts of epithelial cells also detach and mix up with 
the yellow body. Just before the last larval moult, the 
secretion and the detachment of cells stop for a while.
The cells become short columnar type (Fig. 53). The 
lumen still contains degenerating cells and secretion 
vesicles. At this time, the cells of the anterior and
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■the posterior midgut become iiniform and similar without 
any folding of the epithelium. Pajni (196?) also observed 
similar prepupal mid^t epithelium in Callosobruchus 
maculatus (F.)»

Pupal changes : With the onset of the pupal life, the
above described midgut cells begin to degenerate rapidly 
and continuously upto the middle aged pupa (about 5 - 6  

days old). The pupal period upto this time may be 
regarded as the histolysing and degenerating period of 
the midgut, and the time after this may be considered 
as the reconstructive and remodelling period.

In the beginning of the pupal life, the midgut 
epithelial cells begin to degenerate by a holocrine type 
of secretory process along with the detachment of the 
epithelial cells, as was observed in the prepupal 
condition. The distal ends of the cells dilate, the 
cytoplasm becomes vacuolate, and ultimately various 
secretory vesicles detach from the epitheliuin into the 
lumen. Along with those processes, sloughing off of 
individual cell or part of the epithelium also takes 
place which are thrown into the lumen (Figs. 54 & 55), 
These cells ultimately degenerate. The secretory 
products and the cast off epithelial cells mix up in 
a physiological process and ultimately form a mass of 
dense heterogenous product, generally known as the
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"yellow body". Thus, in 1-2 days old pupa, the lumen of 
the midgut remains filled with pieces of yellow body. The 
larger bodies are round to oval with large nuclei which 
stain deeply with haematoxylin. The smaller bodies 
usually do not bear distinct nuclei. Besides these, there 
are many other smaller granules which remain suspended in 
a fluid mediTom,

Meanwhile, the anterior imaginal ring and posterior 
imaginal ring proliferate into numerous daughter nuclei 
which migrate with the stream of cytoplasm towards the 
middle from the two ends of the midgut for a short 
distance. These migrating cells form the plugs which 
block the two ends of the midgut. Thereby, the midgut 
lumen becomes a physiological chamber for metamorphosis 
of the midgut epithelium. The regenerative cells divide 
and become multicellular. These cells in the form of 
nidus remain adherent to the basement membrane. The 
degenerating epithelial cells still bear variously 
shaped nuclei at their bases. But very soon these are 
also thrown into the lumen and become degenerated. The 
remnants of the larval epithelium persist for a while 
until a new epithelium is formed.

In 4-5 days old pupa, the regenerative cells from 
the nidus constitute a very thin pupal epithelium 
representing almost a "regenerative syncytia",, described
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by Bushnell (1936) in a ‘bruchid beetle, Acanthoscelides 
obtectus (Say). Soon these cells divide and form groups 
of imaginal cells at regular intervals (?ig, 55), These 
imaginal cells then divide mitotically and their daughter 
cells constitute the new adult midgut epithelium.

In 6-7 days old pupa, the epithelial cells of the 
flattened epithelitua become tall and wide which now 
appear cuboidal. Yellow bodies of the gut lumen begin 
to decrease in volume with the growth of the new 
epithelial cells. The regenerative cells are uninucleated 
nidi, in the form of short cones (Figs. 45 & 95)

In 8-9 days old pupa, the epithelial cells are 
almost fully developed but they still remain short and 
wide (Fig« 56), The nuclei of the epithelial cells are 
prominent, round to oval, often with rough surface 
(Figs. 44 & 94). The regenerative cells multiplied to form a 
multinucleated nidus. The nuclei of this nidus are round, 
some of which are smaller than the others (Fig, 56),

Early adult changes : Just after the pupal-adult moult,
the regenerative cells which were previously set in a 
nidus at the base of the pupal epitheli-um (Fig, 56), now 
continuously divide and give rise to a series of new cells. 
These cells push the basement membrane and the thin 

layer outwards. Thus the epithelium evaginates and 
ultimately forms a short pocket-like structure, known as
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the "crypt" (Pigs. 57 & 103). With the advancement of the 
adult stage, the crypts become more prominent.

It was clearly observed that there was a flow of 
the digested matters from the "yellow bodies" towards the 
developing crypts (Fig. 56), which indicates that "yellow 
bodies" have an important role in the development of the 
crypts. Besides, the gradual decrease in the volume of 
"yellow body" is proportionate to the development of the 
adult midgut epithelium. It was also observed that as 
soon as the adult midgut epithelium was formed, no trace 
of any yellow body or proliferated cells of the imaginal 
rings remain in the gut lumen. All these observations 
indicate that the yellow bodies are definitely a kind 
of nourishing material for the developing imaginal 
midgut epithelium in C. analis.

HindCTit
Prepupal chanf^es : At the beginning of the prepupal
life, the undigested food materials are passed from the 
midgut into the hindgut and are ultimately thrown out to 
the exterior. The lumen then becomes empty and narrower. 
The intima begins to separate from the epithelium. It 
is cast off in the liunen in the form of a thin ribbon.
It is mostly agregated at the posterior part of the 
colon, just in front of the rectum.
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Pupal changes : In 1-2 days old pupa, the hindgut lumen
I

becomes narrower and the epithelium appears to be uniform 
in thickness throughout its whole length. The detached 
intima of the larval epitheli\un still persists in the 
centre of the liomen. The muscle layers are histolysing. 
The cells of the posterior imaginal ring begin to 
proliferate,

In 3-4 days old pupa, the larval intima still 
persists in the lumen in the form of a thin membrane. It 
is most abundant in the pylorus and the rectum. Muscle 
layers histolyse completely; but the "pyloric sphincter 
muscles" and "diagonal rectal muscles" are found to be 
loosely and irregularly arranged (Figs, 58,59,104 & 105). 
ijpithelial cells loose a certain amount of their 
cytoplasmic contents during the detachment of the intima, 
consequently the normal cell structure becomes changed. 
The cells become laterally compressed and intercellular 
spaces appear between them. The nuclei are roxmd to oval 
with rough surface, A stream of proliferated cells from 
the posterior imaginal ring make a "posterior plug" at 
the midgut-hindgut junction. It restricts the entrance 
of yellow bodies from the midgut into the hindgut (Figs,
58 & 104) • Two zones are recognizable in the posterior 
plug : a loose cellular zone in front and a densely 
packed nucleated zone on the posterior face. The zone 
in front bears a loosely arranged cell mass in a
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cytoplasmic matrix. This stream of cells has a tendency 
to flow towards the anterior of the midgut lumen. The 
cells are comparatively very large and rotmd, often with 
distinct large nuclei, comparable with the larger yellow 
bodies. These cells gradually become larger towards the 
anterior side and ultimately are set free from the stream 
into the lumen along with the yellow bodies. The densely 
packed nucleated zone bears niunerous elongated nuclei which 
are arranged in a very compact manner in a thick 
cytoplasmic matrix. They together form a transverse row 
which make a strong barrier at the entrance of the 
pylorus, just in front of the origin of the Malpighian 
tubules.

Beside this, a thin and noncellular transverse 
septum is developed at the junction of the colon and the 
rectiom which clearly separates the cryptonephridial part 
of the colon from the rectum (Figs. 59 & 105). This septum 
probably makes a temporary partition wall to protect and 
restrict the passing out of the histolysed matters of 
the major parts of the hindgut including cryptonephridia 
into the rectum.

In a 6-7 days old pupa, the epithelial cells of 
the hindgut become narrower with intercellular spaces.
Thus the cells become laterally compressed. This is due 
to the loss of cytoplasmic contents during detachment of 
intima from the epithelium. The bases of the epithelial
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folds remain empty i.e., there is no trace of any 
connective tissue or muscles (Figs. 47 & 97a,13),

The greater amount of the proliferated cells are 
found to migrate from both the anterior and posterior 
plugs region towards the midg\it side of the lumen. There 
is no clear distinction between the two zones of the 
posterior plug cells since the nuclei of the densely 
packed nucleated zone gradually transform into the 
normal proliferated cells similar to those in the anterior 
loose cellular zone of the plug (Figs, 60, 61, 106 & 107).

In a 8-9 days old pupa, there is an uniform 
distribution of the proliferated cells in the posterior 
pliig region. The cells are mixing with the yellow bodies.
The digestion or dissolution and absorption of these cells 
by the epithelial cells is continued from this time till 
the formation of the new adult epithelium. Meanwhile, a few 
cells of the extreme anterior end of the pylorus, near the 
base of the Malpighian tub\iles, become flattened and extend 
into the lumen and form a shelf-like projection. This 
structure obstructs the back flow of the stream of cells and 
directs them to move forward towards the midgut limen (Figs. 
60,61,106 & 107). The epithelial cells begin to regain 
their normal shape and size. The cells gradually become 
cuboidal in the ilexim, colon and rectum; and more or less 
coliomnar in the pylorus. Intercellular spaces still persist 
in the epithelium. In the anterior end, the rectal
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epithelium begins to differentiate into rectal pads by 
the widenning of the epithelial folds,whereas in the posterior 
region rectal papillae develop by the greater extension 
of the epithelial folds into the liomen (Figs, 49 & 99). This 
remodelling of the rectal epithelium into two distinct 
regions continue upto the adult stage. The muscles which 
histolysed earlier begin to reappear.

Early adult changes : After the pupal adult moult, the
hindgut epithelixm regain their normal shape and size, 
probably^ by the absorption of the digested matters from 
the gut lumen. Meanwhile, the septum separating the 
colon from the rectum disappears and consequently a 
continuous passage is formed again. The intima makes its 
first appearance as a very thin layer lining the 
epithelium. It attains its full dimension including 
the spines in the rectum within a short time while the 
adult remains still in the pabuliim. The muscles including 
the "sphincter muscles" of the pylorus and "diagonal 
muscles" of the rectum are reconstituted in a regular 
pattern as described in the histology of the adult 
hindgut•
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III.B. 2(a). HISTOLOGY OF HIE LARVAL GUT OF C. CHINENSIS

The essential histological elements of the larval 
alimentary canal of C. chinensis is almost identical with 
that of C, analis. The main difference is that the 
epithelial cells of respective regions of the gut of these 
two insects vary in dimension. The cells in C. chinensis 
appear smaller than those in C. analis. Since there is 
no special distinguishable histological difference in 
the larval gut of C, chinensis and C. anal is , attempts 
have been made to describe them only briefly to avoid 
repeatation.

The foregut epithelium is folded, and consists of 
cuboidal cells which are very similar to that of C. analja 
(vide pp. 59-67). The intima also bears "pharyngeal spines" 
and "proventricular lobes with simple spines". The 
oesophageal or proventricular invagination is quite 
similar to that of the non-lob\ilar portion of the 
invagination of C. analis. However, measurements of 
some of the histological elements at different regions 
of the foregut of C, chinensis is shown in the Table 11 
(cf. C, analis. pp. 60-66),
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Table 11, Measurements of different histological elements
of the foregut of 4th instar of C. chinensis.

Regions of 
alimentary

Epithelium Qum) Intima Circular
muscle
(wm)Cell Nucleus (>im)

canal Height Width Diameter Thickness Thickness

Pharynx 1.5-4 2-5 1-2 0.5-2.5 2-4
Oesophagus 5-4 5-6 2-3 0.5-1.5 1 .5-3
Proventri-
culus

4-6 4-6 2.5-3.5 0.5-1.5 1 .5-3

The anterior midgut epithelial cells of C. chinensis 
are mostly of tall colimnar type. But, a few cells towards 
the posterior end of the anterior midgut are comparatively 
wider than the others. The cells of the posterior midgut 
are also tall columnar but they are smaller in dimension 
than those of the anterior midgut. Similar midgut 
epithelial cells were also found in the midgut of C, analis. 
The regenerative cells in the form of nidi are scatteredly 
distributed in the gut epithelium. These are also Identical 
with those of C. analis. The midgut cells of C. chinensis 
have been measured and tabulated below (Table 12) (cf.
C. analis. pp. 68-72),
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Table 12, Measurements of different histological
elements of the midgut of 4th instar
of C, chinensis.

Epithelium ^ ) Brush
border
[m)

Regenerative 
cells (nm)

Circular
Hidgut Cell Nucleus muscle 

laver fum’)regions Height V/idth Diameter Thick­
ness

Height V/idth 
(at 
the 
base)

Nucleus
Diame­
ter

Thick--
ness

Anterior 
midgut : 
Ant. 
section

30-40 1 2-20 
(apex) 
4-6 
(base)

4-7 1 .5-2 7-10 13-18 4-5 1-1.5

Post.
section

14-17 9-13 5-8 1 .5-2 7-10 13-18 3-5 1-1.5

Posterior 
midgut : 12-17 5-7 3-5 1.5-2 4-7 4-7 2-3 1-1.5

The histology of the larval hindgut of C, chinensis is 
also similar to that of C, analis, The cells of the pyloric 
epitheliiim are narrower than the cells of the other parts 
of the hindgut. Whereas, the epithelial cells of the ileum, 
colon and the rectum are typically cuboidal with slight 
variation in dimension as shown in the Table 13. Other 
histological elements of the hindgut are also similar to 
those of C» analis (vide pp. 72-80).
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Table 13. Measurements of different histological
elements of the hindgut of 4th inatar
of C, chinensis.

Hindgut
regions

Epithelium ( ;̂um) Intima 
( Jlim)

Circular 
muscle 
layer (Mm)Cells Nucleus

Height Width Diameter Thickness Thickness

Ileum 2-4 2.5-4. 5 1-2.5 1-2 1.5-2
Colon 
(anterior)

5-6 3.5-7 2-3 1-2 2-2.5

Colon
(posterior)

4-7 5-9 2-3.5 1-2 1-2

liectiim 2.5-4 2.5-4 2-3 1-2 1.5-2.5
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III.B. 2(b). HISTOLOGY OF THE PUPAL GUT OP C. CHINENSIS

As in C. analls, the pupal fore-and hindgut of 
C. chlnensis consist of a characteristic shrivel type of 
epithelivun. This is due to loss of certain amoxmt of 
cytoplasmic contents along with the histolysis of intima 
during prepupal condition and larval-pupal moult. The 
intima, if it is found, never bears any processes like 
the "pharyngeal or proventricular or rectal spines". The 
musculature is very weakly developed.

The early pupal midgut of C. chinensis consists of 
a degenerating epithelium, as a result the anterior and 
posterior midgut can not be distinguished from each other 
from their histological appearance. The regenerative nuclei 
remain distributed in a thin film of cytoplasm along with 
the basement membrane. But soon, the adjacent cell- 
boundaries appear and the epithelial cells gradually 
become distinguishable into a definitive pupal epithelium 
as described in C. analis (vide pp. 85-86). In this 
condition;,the epitJielial cells meas\ire 6-10̂ /̂jm in height 
and 4-6yUm in width, and the nuclei measuxe 2.5-5^^ in 
diameter. In the late pupal epithelium, the regenerative 
cells are fo\md in clusters as in C. analis.
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III.B. 2(c). HISTOLOGY OF THE ADULT GUT OF C. CHIKEKSIS

The histology of the adult alimentary canal of 
C, chinensis is also identical with that of C, analis. 
They differ only slightly in dimension of cells and 
thickness of different layers (e.g. muscle layer and 
intima)•

The foregut epithelium is folded with typical 
cuboidal cells of different dimensions in different 
regions. The foregut intima of C, chinensis is provided 
with short "spines" in the pharynx and oesophagus; and 
long "needles" in the proventriculus, which are 
morphologically very similar to those of C. analis, 
but shorter than the later (vide pp. 89-93). Other 
essential histological structures are also similar to 
those of C. analis. A table showing the measurements 
of the cells in different regions of the foregut of 
C. chinensis is given in Table 14 (cf. C. analis). 
Histologically, the proventricular invagination is also 
identical with that of G. analis.
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Table 14. Measurements of different histological
elements of the foregut of adult
C. chinensis.

Epithelium ( ^ fm ) Intima Circular Spines/ 
Foregut -----c-ili-g.Hucleua ‘ needles
r©p“ioTis T--U-_______________ - - _yni ̂ _“ Height Width Diameter Thickness Thickness Length

Pharynx 2-4 2-5 1.5-3 1.5-2.5 5-7 2-4
Oesophagus 2-4 2-5 1.5-3 1.5-2.5 3-5 3-5
Proventri- 2-4 2-5 2-4 1.5-2.5 3.5-5 10-20
cuius

Similar to that of C. analis« there is no basic 
difference between the epithelium of the anterior and 
posterior midgut in C. chinensis. The cells are typically 
coltunnar. They are much longer in the anterior midgut than 
in the posterior midgut. Normally, brush-border is not 
discernable due to continuous secretory activity of the 
epithelial cells. The nuclei are elongated in the 
epithelial cells but ro\md in the crypt cells. Besides 
these, other histological elements, viz., muscles, 
basement membrane etc. are also quite similar to that 
of C. analis. Peritrophic membrane is not found in 
C. chinensis also. The Table 15 showing the measurements 
of the midgut epithelial cells and other structures is 
given below to compare with those of C. analis (vide 
pp. 96-97).
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Table 15. Measurements of different histological
elements of the midgut of adult
C, chinensis.

Epithelium (/im) Brush
border
(wm)

Circular Crypt (/un)

regions
Cells Nucleus rDU s c ± e — ^  

layer (um) Cells Nucleus
Height Width Diameter Ileight Thickness Height V/idth Diameter

Anterior
midgut 12-16 3-3.5 2.5-6 1-1.5 1-1.5 6-8 6-8 3-6

Posterior
midgut 9-12 2.5-5. 5 2-5 1-1.5 1-1.5 5-7 5-7 2.5-5

The epithelium of the adult hindgut of £. chinensis 
consists of cuboidal cells of various dimensions in 
different regions. The pyloric epithelial cells are 
narrower whereas the others are cuboidal, as described 
in C. analis (vide pp. 98-105). But these cells (in 

chinensis) differ from those of C. analis in their 
dimensions only. The musculature, epithelial foldings, 
intima and its projections are also similar to those 
of C. analis, Measurements of the histological elements 
of the adult alimentary canal of C, chinensis is given 
in the Table 16 (cf, C, analis),
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Table 16. Measurements of different histological
elements of the hindgiit of adult
C. chinerisis.

Hindgut
regions

Ileiim

Colon

Epithelium ( yUm)
Cells Nucleus

Intima 
(/un)

Circular 
muscle 
Xim)Height Width Diameter Thickness Thickness

3.5-6 3.5-6 3-5

3.5-6 4-7 3-5

1-1.5

1-1.5

1.5-2.5 

1- 1.5

Rectum 2.5-5 2.5-5 2.5-5 1.5-2.5 1.5-2.5
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III.B. 2(d). META140RPHIC CHANGES (HISTOLOGICAL) IN TILE 
AlilMENTAKY CANAL OP C. CHINEHSIS

Since the histo-metamorphic changes in the alimentary 
canal of C. chinenais is quite similar to that of C, analis. 
they have been they have been described very briefly.

a) The histological changes in the alimentary canal 
of C, chinensis during larva to larva moult is not very 
prominent. There is no degeneration or any remodelling of 
the epithelial cells, nor there is any drastic change in 
other histological elements (viz,, muscles, intima, etc.) 
during this course. However, similar to that of C, analis. 
the following changes were noticed in C. chinensis
(cf. C, analis').

(i) The alimentary canal, specially the midgut 
region,increases considerably in length and diameter during 
successive instars. This is due to increase in the ntunber 
of cells by division in the growing epitheliiun during 
development of the larva.

(ii) As in C. analis. the proventriculus also 
develops in C. chinensis in the same manner at the same 
time (i.e., after 2nd larval moult) (cf, C, analis),

b) The histological changes in the alimentary canal 
of C. chinensis during prepupal condition, larval-pupal 
moult, and pupal stage is very remarkable and quite similar
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to those of C. analls. However, the following important 
aspects can be mentioned here (cf, C, analis),

(i) During prepupal condition, the midgut epithelial 
cells begin to degenerate. This process of epithelixun 
degeneration contimiesupto the early pupal condition. As
a result the gut becomes very short and its wall appears 
very thin, in the middle aged pupa.

(ii) Meanwhile, the regenerative cells multiply 
and distribute numerous daughter neclei over a thin film 
of cytoplasm. But soon adjacent cell-boundaries appear 
thus forming a thin cellular epithelium on the basement 
membrane.

(iii) During pupal period, the midgut lumen 
remains filled with "yellow bodies" as described earlier 
in C. analis (vide pp. 1 1 0-1 1 3 ),

(iv) In the late pupa, the epithelial cells of 
the midgut become prominent but these cells are still 
devoid of brush-borders,

(v) The fore- and hindgut epithelium does not 
degenerate but cytoplasmic diminution occurs during this 
time. The intima and its processes histolyse completely.

c) The following histological changes have been 
observed in the alimentary canal of C. chinensis during 
pupal-adult moult and early adult condition (cf, C. analis),
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(i) As in C, analis. the fore-and hindgut 
epithelium of C, chinensis redifferentiate by regaining 
their lost amount of cytoplasm and re-appearance of the 
intima.

(ii) The "crypts" develop dux-ing early adult 
condition (until it remains in the pabulum of the pulse), 
from the cluster of regenerative cells. These cells 
multiply to give rise to the daughter cells which 
ultimately push the basement membrane outward and thus 
form the crypt, as in C. analis (vide pp. II3-II4 ).
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III.C. DISCUSSION 
ALIiyiEHTARY CAKAI

Forê '.xtt and hindgut
Ameen (1959) while comparing the metamorphosis of 

the foregut and the hindgut of P. albimana (Diptera : 
Ptychopteridae) with those of other insects, distinguished 
two main types of epithelial changes which take place 
during larval to the adult transformation, viz., (a) 
cellular redifferentiation, and (b) regeneration from 
specialised imaginal ring after degeneration of the 
larval epithelium. He also mentioned that both the 
processes may take part in varying degrees. However, in 
C. analis and C. chinensis. the metamorphosis of the 
foregut and the hindgut is very simple which follows the 
1st type with certain exceptions. The metamorphosis of 
the foregut and the hindgut are almost identical and 
therefore,are discussed together with that of other 
beetles and insects of other orders,

Goleopteran insects
In Hydrophilus (Deegener, 1900) the whole 

epithelium of the foregut degenerates completely during 
metamorphosis; the anterior imaginal ring becomes very 
active which proliferates numerous daughter cells. These 
proliferated cells ultimately form the adult foregut 
epithelium in place of the larval epithelium. The
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metamorphosis of most of the hindgut epitheli-um is similar 
to that of the foregut, where the posterior imaginal ring 
becomes active and proliferates numerous daughter cells. 
These cells ultimately replace the major part of the 
anterior hindgut epithelium. Only, a little portion at 
the end of the hindgut is remodelled by the division of 
the persisting larval cells.

In Cybister roeseli Curtis (Deegener, 1904) the 
larval foregut epithelium does not degenerate, rather it 
redifferentiates. During this redifferentiation, the 
anterior imaginal ring supply a few proliferated cells 
which make an addition to the larval epithelial cells.
The larval hindgut epithelium also redifferentiates into 
the adult epithelium without cellular breakdown or 
degeneration. As in the foregut, the proliferated cells 
from the posterior imaginal ring make a small addition 
to the larval epithelial cells during metamorphosis.

In Calandra oryzae (Murray & Tiegs, 1935) the larval
foregut epithelium degenerates completely. It is replaced)

by a new epithelium formed by the proliferated cells of the 
anterior imaginal ring. The larval hindgut epithelium also 
degenerates completely and therefore replaced by a new 
epithelium formed by the proliferated cells of the 
posterior imaginal ring.

In Tenebrio molitor (Rengel, 1896) the larval
foregoit epithelium is remodelled by the cells of the
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posterior end of the I'oregut, The remains of the larval 
epithelium are absorbed by the developing adult epitheliiom. 
However, Ilengel did not regard the posterior foregut cells 
as the anterior imaginal ring. As in the foregut, the 
hindgut epithelium is also remodelled by the cells of the 
anterior end of the hindgut. But these cells were not 
regarded as the posterior imaginal ring. The remains of 
the larval hindgut epithelium are also absorbed by the 
developing adult epithelium.

In Galerucella (Poyarkoff, 1910) and Leptinotarsa 
decemlineata (Say) (Patay, 1939) the larval foregut 
epitheliim does not degenerate or destroy. The epithelium 
simply redifferentiates with a little loss in cytoplasmic 
contents of the cells during histolysis. Chromatin 
globules also liberate out from the cells after detachment 
of the intima. As a result the epithelial cells change in 
shape and size. In certain condition nuclei also divide. 
Ultimately;) a new adult foregut epithelium becomes 
established. The same procedure is also followed by the 
hindgut epithelium during metamorphosis in these beetles.

Insects orders other than Coleoptera
In the ant Lasius flavus (Karawaiew, 1898) the 

larval foregut epithelium does not degenerate. A few 
cells at the posterior end of the larval foregut divide, 
make an addition to the normal epithelium and ultimately
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redifferentiate into the adult epithelium, Karavaiew did 
not regard these type of cells as the anterior imaginal 
ring. The larval hindgut epithelium does not degenerate 
during metamorphosis, Kost of the hindgut epitheliiom 
redifferentiates. In this case, the larval colon 
epithelium is characterised by the presence of alternate 
lamellae of small and large cells. During metamorphosis, 
the large cells degenerate whereas the small cells 
redifferentiate into the adult colon epithelium.

In another ant Pormica (Perez, 1902) the anterior 
and posterior parts of the larval foregut degenerate 
whereas the oesophageal region does not degenerate. The 
anterior part of the adult epithelium is developed from 
the special histoblasts of the developing mouth parts 
and the posterior part from the anterior imaginal ring. 
The oesophagus only redifferentiates during metamorphosis, 
The anterior part of the hindgut epithelium develops from 
the posterior imaginal ring, middle part from the smaller 
persisting cells, and the posterior part from the 
epidermal invagination during metamorphosis.

In the honey bee (Oertel, 1930) certain imaginal 
cells at the posterior end of the foregut representing 
the "anterior imaginal ring cells" are responsible for 
the development of the foregut epithelium. Similarly, a 
few cells at the anterior end of the hindgut representing
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the "posterior imaginal ring cells” are responsible for 
the formation of the hindgut epithelitim during 
me tamorpho sis.

In many dipteran insects the anterior and the 
posterior imaginal rings are mostly responsible for the 
development of the adult fore^ut and hindgut epitheliiom 
respectively. In addition to these rings other 
histoblastio cells also take part in the formation of 
the adult foregut and hindgut epithelium. These type of 
cells have been called "anal disc" in the muscid flies 
(Kowalewsky, 1887); "imaginal disc" of the pharynx in 
Gastrophilus (Vaney, 1902) and muscid flies (Perez, 1908a, 
1908b & 1910a, 1910c); "labial bud" of the foregut and 
"ectodermal imaginal disc" in Drosophila melanopaster 
(Robertson, 1936).

In P, albimana (Ameen, 1969) the adult foregut 
epithelium develops from the three centres of the larval 
foregut. The anterior part develops from the imaginal disc 
of the mouth parts (labrum & labium), middle part from the 
persisting larval cells, and posterior part from the 
anterior imaginal ring. The hindgut similarly develops 
from three centres. The anterior part from the posterior 
imaginal ring, middle part from the persisting larval 
cells and the posterior part from the anal disc.
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From the study of the metamorphosis of the 
foregut and the hindgut of some mosquitoes, viz...Culex 
(Thompson, 1905), Aedee dorsalis (Richi^, 1938), Culex 
pipiens (Berger, 1958), and Aedes ae^pti (Risler, '1961), 
it was revealed that the foregut epithelium of the adult 
mosquitoes develops mostly from the persisting larval 
cells. The anterior imaginal ring makes an addition in 
the formation of oesophageal invagination and diverticula. 
Similarly^the hindgut epithelium is developed mostly from 
the persisting larval epithelial cells or products of the 
cells (due to successive division), but not from the 
posterior imaginal ring. The imaginal ring and the anal 
disc make only an addition to the formation of the 
anteriormost part of the hindgut (pylorus) and the 
posteriormost part of the hindgut (rectum) respectively.

The above review reveals that the metamorphosis 
of the foregut of G. analis and C. chinensis closely 
resembles those of two other beetles, viz., Galerucella 
and Leptinotarsa. described by Poyarkoff (1910) and 
Patay (1959) respectively. However, in C, analis and 
C. chinensis. the larval foregut epithelium is never 
destroyed or degenerated completely. But during histolysis, 
along with the detachment of the intima, a little amount 
of the cytoplasmic contents of the epitheliiun is lost. As 
a result the cells become narrower with intercellular 
spaces appearing during pupal period. The cells attain
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their normal adult condition by absorbing the contents 
of the Iximen as soon as the pupal—adult moult is over, 
i.e.,during early adult condition. Thus,the foregut 
epithelium is redifferentiated except at the proventricular 
valve region. The proventricular valve is formed by the 
division of a few cells at the extreme posterior end of 
the proventriculus (i.e. the posteriormost end of the 
foregut). The newly formed cells push the posterior part 
of the proventricular epithelium to become infolded so 
as to form the "proventricular valve" in the adult.

Similar foregut epithelitua and proventricular 
valve formation during metamorphosis was observed by 
Dobrovsky (1951) in Apis mellifera L., and Nitschmann 
(1 959) in lyiyrmica ruginodis. According to Dobrovsky,
"the foregut iindergoee a cytoplasmic depletion followed t j  

by a cellular rejuvenation without an epithelial breakdown", 
and "the posterior part of the proventriculus gives rise 
to the entire proventricular valve of the adult",
Kathuria (1972) regarded the "proventricular valve" as 
the "oesophageal valve" in Papilio aristolochiae F,
According to him the "anterior imaginal ring" is of 
foregut origin. This ring divides mitotically and 
extends forward in the posterior region of the foregut 
in prepupa and early pupa and later forms the oesophageal 
valve. Meanwhile, other two structures also develop from 
this imaginal ring, viz., proventriculus and ventral 
oesophageal diverticulum.
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Thus, the cellular region towards the posterior 
end of the foregut which has the power of division or 
multiplication to constitute or reconstitute or to make 
an addition to the developing foregut epithelium, have 
been variously named by many workers, viz., as 
"regenerative region" by Deegener (1908), Bordas (1911)» 
and Hufnagel (1918); as a "persistent embryonic region" 
by Perez (1910a); as an "anterior interstitial ring" by 
Henson (1931); as "histoblastic disc" by Gray (1931); 
and an "anterior imaginal ring" by Ameen (1969) and 
Kathuria (1972);, and many other workers. Among all these 
terms the "anterior imaginal ring" is well established 
now. It was first observed by Eowalewsky (1887) in muscid 
flies. In the present investigation on C. analis and 
C. chinensis.a few cells at the extreme anterior end 
of the midgut which have great proliferating power have 
been considered as the anterior imaginal ring, which 
only contribute to the midgut metamorphosis. In addition, 
some of the transitional cells (vide pp. 108-109) just 
in front of the anterior imaginal ring divide several 
times, but not as fast as the anterior imaginal ring 
cells. The daughter cells of these transitional cells 
contribute greatly to the formation of the 
proventricular valve only.

Like Galerucella (Poyarkoff, 1910) and 
Leptinotarsa (Patay, 1939), there is no appreciable
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metamorphic change in the histology of the larval 
hindgut to the adult hindgut in C, analis and 
C. chinensis. Similar to that of the foregut, the hindgut 
epithelial cells loose some amoimt of cytoplasmic contents 
during detachment of the larval intima. The larval cells 
gradually redifferentiate into the adult form hy absorbing 
the l\imen contents during metamorphosis. Meanwhile, the 
rectal epithelium differentiates into an anterior "rectal 
pad" region and a posterior "rectal papillae" region as 
described earlier.

Midp:ut
In insects the larval midgut epithelium is normally 

replaced by an adult epithelium during metamorphosis. This 
involves a simultaneous degeneration of the old epithelium 
and a reconstitution or regeneration of a new epithelium. 
There are mainly two types of larval cells involved in the 
replacement of the old epithelium. During metamorphosis 
these cells multiply’ repeatedly and constitute the new 
adult epithelium.

(i) Special cells at the two ends of the midgut 
which have retained the characteristics of embryonic cells, 
i.e., the power of rapid cell proliferation. These groups 
of cells ultimately form the "anterior imaginal ring" and 

"posterior imaginal ring".
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(ii) Th.e regenerative cells either singly or in 
the form of nidi or crypts, scattered over the entire larval 
midgut epithelium.

The adult midgut epithelium may be developed 
directly from the larval cells with a cinp'le degeneration 
of the larval epithelium. The reconstituting cells (i.e., 
the regenerative cells or imaginal ring cells) may 
constitute an intermediate definitive pupal epithelitun,

y
e.g. in Callosobruchus maculatus F. (Pa^ni, 1967), Pieris 
rapae L, ( Tu , I960), and in the present investigation on ^  

C, anal is and C. chinensis. In a single degeneration 
process, the reconstituting cells may not constitute a 
definitive (transitional) pupal epithelium, e.g. in 
Ptvchoptera albimana P. (Ameen, 1969). In these instances, 
the degeneration of the epithelium during metamorphosis 
takes place only once i.e., during the larval-pupal moult.
After that the epithelium grows independently without any 
degeneration and even regeneration.

The adult midĵ iit epithelium may also develop 
indirectly from the reconstituting larval cells (i.e., 
regenerative cells or imaginal ring cells) with double 
degeneration of the epithelium. It includes first the 
degeneration of the larval and then the pupal epitheliiom 
respectively. First, the larval epithelium degenerates 
during larval-pupal moult and then the pupal epithelium 
degenerates during pupal-adult moult. When the pupal 
epithelium degenerates completely, it may be called as
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"complete double degeneration process", e.g. in 
Acanth.o5celides obtectus (Say) (Bushnell, 1936) and 
Chilomenes sexmaculata (Kathuria, 1971). But, when the 
pupal epithelium degenerates partly or incompletely, it 
may be calleid as "incomplete double degeneration process", 
e.g. in Nasonia (Tiegs, 1922).

Comparison vith two bruchid beetles
Metamorphosis of the midgut of C, analls and 

chinensis is very interesting because it shows certain 
contrasting features when compared to two other allied 
beetles. It closely resembles that of Callosobruchus 
maculatus. described by Pajni (1967), except a few minor 
differences. But it differs greatly from that of 
Acanthoscelides obtectua, described by Bushnell (1936), 

Pajni's (1 9 6 7) short description of the 
metamorphosis of the midgut of C. maculatus is very 
inadequate to describe the process of larval epithelial 
degeneration as well as reconstitution of a pupal 
epithelium and its subsequent development into the 
definitive adult form. He did not explain the process 
of development of the crypts in the adult epithelium.
All these need more elaborate description to explain 
the metamorphic chang;es of the midgut of C. maculatus.
In C, analis a precise description has been given to 
explain the metamorphic processes involved. Moreover, 
Pajni (1 9 6 7) did not mention the fate and role of any 
imaginal ring. During the present investigation, both
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the anterior and posterior imaginal rings were clearly 
observed. The proliferated cells of these rings do not 
take direct and active part in the adult epithelium 
formation. These cells initially act as the "plug cells" 
and later as "nourishing cells" to make up the developing 
adult midgut epithelium of C. analia and C. chinensis.

Bushnell (1936) described the metamorphosis of the 
midgut of another bruchid beetle, A. obteotus. In this 
context it is noteworthy to discuss the following points

(i) The epithelial degeneration takes place twice
in A, pbtectus, first during larval-pupal and second during 
pupal-adult moult. Whereas, in C. analls and C. chinensis 
(present investigation), and in C, maculatus (Pajni, 1967), 
epithelial degeneration takes place only once during the 
larval-pupal moult.

(ii) As a result of "pseudo reduction" (called by 
Bushnell), the "smaller nuclei" of the larval epithelium 
with a little amount of cytoplasm form a "regenerative 
syncytium" which is the sole agent of adult epithelium 
formation. The "larger nuclei" and "smaller nuclei" of 
this "regenerative syncytium" ultimately form the pupal 
and adult epithelixim respectively. This type of 
metamorphic change is not known to occur in any other 
beetles; and it also does not agree with the present 
investigation.

(iii) Regarding the crypt formation, Bushnell 
(1 9 3 6) pointed out that these (called mesenteric caeca
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'by him) are formed by the aggregation of small spindl-- 
shaped cells which proliierate from the anterior and 
posterior imaginal rings. This type of crypt formation 
is very lonusual. In the present investigation in C. analis 
and C. chinensis. it was found that the stream of 
proliferated cells from the anterior and posterior imaginal 
rin̂ js never flow through the base of the epithelium or 
touch at any point of the gut, which may form an epithelium, 
unlike that of A. obtectus. Pajni (1967) also did not 
report any such occurrence in C, maculatus; rather his short 
comment regarding the crypt formation supports the present 
investigation on C. analis and C. chinensis.

In C. analis and C. chinensis the crypts develop 
from the persisting larval regenerative cells. Some of the 
daughter regenerative cells instead of forming the adult 
epithelium become isolated and distribute over the 
basement membrane. During late pupal period they divide 
to form the miiltinucleated nidi. With the onset of the 
adult life (just after the pupal-adult moult) the nuclei 
of each nidus multiply, become cellular, and pushes the 
basement membrane outwards in an evaginating manner and 
thus form the crypt of the midgut.

Comparison with other Vif>RtlRH
In a coccinellid beetle, Chilomenes sexmaculata 

(Kathuria, 1971), degeneration of the epithelium takes 
place twice, following a "sloughed off" or "strip off" 
process during each of the larval-pupal and pupal-adult
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moiilts. The regenerative cells replace the old epithelium. 
Similar replacement of epithelium during larval-pupal and 
pupal-adult moults was also observed in Anthrenus (Mobusz^

y
1897), Cybister roeseli (Deegener, 1904), Galerucella 
(Poyarkoff, 1910), and Leptinotarsa (Patay, 1939).

In many beetles, degeneration of the larval 
epithelium takes place as a secretory process instead 
of its being "sloughed off"^e,g« Tenebrio molitor (Patay,
1942), Choleva fagniezi J ., Spheophyes lucidulus and 
Troglodromus buchetl gaveti Del.(Strambi, 1976)» In 
C, analis and' G, chinensis, the larval epithelium was 
found to degenerate through a holocrine type of secretion.

Metamorphosis of the midgut in Tenebrio molitor L. 
is controversial, Hengel (1896) first observed that the 
adult epithelium is derived from larval regenerative cells. 
But Patay (1942) observed that the adult epithelium in 
this insect is derived from the migrating proliferated 
cells of the anterior imaginal ring. The imaginal ring 
developed from the posterior end of the foregut, which 
Jlenson (1946) regarded as the "reactivated oral half of 
the blastopore".

The anterior imaginal ring is very active in many 
beetles. The imaginal ring proliferate numerous daiithter ^  
cells which gradually migrate to form ultimately an 
adult epithelium, e.g. in Galerucella (Poyarkoff, 1910),
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Calandra oryzae (Mansour, 1927), Calandra (Mtirray & Tiegs, 
1935), and Leptinotarsa (Patay, 1939).

In C. analis and C, chinensis the anterior and 
posterior imaginal rings were found to be very active in 
cell proliferation. But the proliferated cells were never 
found to take direct part in the formation of the gut 
epithelium. Stream of proliferated cells first form two 
"plugs" at the two ends of the midgut which converted 
the midgut lumen as a "physiological chamter", A small 
portion of the stream of proliferated cells from the 
anterior and posterior imaginal rings were found to 
migrate towards the proventricular invagination and 
anterior enfi of the pylonis respectively. But they were 
never foimd to touch the adjacent epithelium. With the 
development of the adult epithelium the proliferated 
cells became digested in the lumen along with the 
"yellow body" and absorbed by the new epithelixuu.

Insects of orders other than Coleoptera
In Pieris rapae L, (Yu, 1980), the adult 

epithelium develops from the larval regenerative cells.
The regenerative cells multiply during histolysis of 
larval gut epithelium and reconstitute a perfect pupal 
epithelium. The adult epithelium is directly formed 
from this pupal epithelium without passing through the 
second degenerative process during pupal-adult moult.
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In Bombyx mori L. (Verson, 1905; Vaku & Sumiiaoto, 
1 9 7 1 ; and Kobayashi, 1978)» the regenerative cells of 
the larval midgut proliferate rapidly during larval- 
pupal moult which replaces the larval epithelium, thus 
establishing a new pupal epithelium, consisting of one 
type of cells. The pupal epithelium degenerates again 
during pupal-adult moult, A new adult epithelium is 
constituted by persisting regenerative cells. A similar 
picture was also observed in Galleria mellonella !• 
(Tchang, 1929), and in Hyalophora cecroriia (L.) (Judy & 

Gilbert, 1970)̂ ^
In Ptychoptera albimana (Ameen, 1969) most of the 

adult midgut epithelium is derived from the larval 
regenerative cells, but a little portion towards the 
anterior and posterior ends of the midgut are derived 
from the migrating cells of the anterior and posterior 
imaginal ring cells, respectively. In this case, a 
definitive pupal epitheli\im was wanting.

In Calli-phora ervthrocephala (de Priester, 1972, 
and Baut^ 1979), the regenerative cells replace the 
larval epithelium. The larval epithelial cells remain 
agregated with the cellular granules in the gut lumen, 
which are ultimately digested and absorbed during adult 
epithelium formation.

Total replacement of the adult midgut epithelium 
is very common in hymenopteran insects. Replacement of

Dhaka University Institutional Repository



“ 147 -

the epithelium is made by the larvaj. regenerative cells. 
The replacement of the epithelium occurs twice during 
larval-pupal and pupal-adult moults. This type of 
metamorphic changes have been observed in Apis melllfera 
(Bobrovsky, 1951); Solenopsis fugax Latr. (Glockner, 
1958); Myrmica rupinodis (Nitschmann, 1959); and in 
Formica polyctena (Schmidt, 1964). However, in Nasonia 
(Tiegs, 1922), a pupal epithelium develops from the 
larval regenerative cells after total degeneration of 
the larval epithelium. Then the adult epithelitun is 
developed from the posterior or basal half; whereas the 
anterior half of the pupal epithelium degenerates 
completely which never takes part in adult epitheliiom 
formation.

In odonates, e,g, Aeschna cyanea (Andries, 1972, 
1975, & 1976), the larval midgut epithelium undergoes 
histolysis and ultimately degenerates in the lumen, A 
new imaginal epithelium is developed from the 
regenerative cells of the nidi. The imaginal epitheliiom 
undergoes redifferentiation by cellular growth and 
multiplication of certain cytoplasmic organelles,

"Yellow body"
The term "yellow body" is commonly used to denote 

the midgut contents of certain metamorphosing insects 
during pupal condition. The lumen of the pupal midgut
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contains a stage-specific emulsion consisting of various 
distinct nucleated matters and debris shed from the 
degraded larval mid£,Tit epitheliiun.

Yellow "body was first described by Dufour (1846).
Later on, the term was used by many subsequent workers, 
viz., Ganin (1876); Kowalewsky (1887); van Rees (1888);
Perez (1910a & 1910c); Mansour (1927); Gray (1931); and 
Bushnell (1936), and many others.

Butler & Leone (1966) in Tenebrio. and Seong (1981) 
in Eombyx mori L., observed that the midgut of the pupa 
contains a stage-specific protein known as the "pupal 
protein". Again, stage-specific proteins remain correlated 
with "pupal gene sets" as observed by Thomson (1975), Chen 
(1978), and Seong (1981). Thus, it is evident that pupal 
gut contents definitely bear certain special characteristics 
for the development of the adult gut epithelium during 
metamorphosis.

In C. analis and C, chlnensis yellow bodies are 
prominent which fill up the whole lumen of the pupal midgut. 
These can be differentiated into three catagories as follows: 
large and nucleated bodies, small and non-nucleated bodies, 
and minute grannular bodies, which remain mixed up in a 
fluid medium of the midgut lumen. The yellow bodies combine 
with the proliferated cells of the anterior and posterior 
imaginal rings towards the end of the pupal life. These 
are absorbed together by the developing adult epithelium.
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The amount of yellow bodies along with the proliferated 
cells gradually decrease which is proportional to the 
advancement of the adult epithelium. The mixture of the 
yellow bodies and the proliferated cells disappear as 
soon as the adult epithelium is fully formed. Thus in 
this case, the yellow bodies together with the 
proliferated cells may be considered as a "special 
nourishing matter" for the developing adult midgut 
epithelium. Kathuria (1971) also observed yellow bodies 
in the midgut of a coccinellid beetle, Chilomenes 
sexmaculata and considered them as to provide 
nourisJiment to the growing imaelnal cells.
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IV. MALPIGHIAN TUBULES
A. ANATOMY

IV.A. 1(a). ANATOMY OF THE LARVAL MALPIGHIAN TUBULES 
OF C. AHALIS

Six cryptonephridic Malpighian tubxiles are present 
in the larva of C, analis. Depending on their structural 
peculiarities and distribution in the body cavity they can 
be grouped into three pairs, viz., 1st, 2nd and 3rd pairs 
of Malpighian tubules. Almost similar three pairs of 
Malpighian tubules were represented in a figure in the 
larva of C. maculatus (Vats, 1976).

Free tubules
In gross appearance, the 1st and 2nd pairs of 

Malpighian tubules are almost identical, whereas the 3rd 
pair is quite dissimilar and are easily distinguishable 
from the other Malpighian tubules (Figs. la,1b,2,3 & 4).

The 1st and 2nd pairs of Malpighian tubules are 
very long, extend anteriad upto the anterior end of the 
midgut then turn back posteriad and follow a zigzag and 
convoluted course. These tubules are wider and irregularly 
dilated, translucent and powdery-white in colour, 
excepting a little portion towards the two ends, i.e. , 
near the origin and the insertion point. These end-parts 
closely resemble the 3rd pair of Malpighian tubules. The
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1st pair of Malpighian tubules are slightly longer than 
the 2nd pair and are distributed on the dorso-lateral 
sides of the midgut. The 2nd pair of Malpighian tubules 
are shorter than the 1st pair and are distributed on the 
ventro-lateral aspect of the midgut. The free portion of 
the 1st pair of Kalpighian tubules measure 1,6 to 1,8 mm
in length in the early 2nd instar, and 8.0 to 10,0 mm in
the 4th instar. The second pair of Malpighian tubules
measure 0,8 to 1,1 mm in length in the 2nd instar, and
4.6 to 5.0 mm in the 4th instar. The diameter of these 
tubules measure (at the wider part) 0.02 to 0 , 0 3 ehq in 
the 2nd instar, and 0.06 to 0,1 mm in the 4th instar 
larva.

The 3rd pair of Malpighian tubules are very sliort 
in comparison with the other two pairs. They are narrower 
and almost loniform in diameter throughout their length, 
and opaque-white in colour. These tubules instead of 
running forward, extend directly posteriad along the sides 
of the ilexuE and then meet with the colon, thus appearing 
like two side-strings of the convoluted ileum. Excluding 
the cryptonephridial portions, their free tubules measure 
0.3 to 0,35 mm in length and 0,015 to 0.03 nim in diameter 
in the 2nd instar; and 1.6 to 1,7 mm in length and 0.04 to
0.06 mm in diameter in the 4th instar larva.

All these three pairs of Malpighian tubules 
originate independently from the anterionaost end of the
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pylorus, i.e.,from the midgut-hind junction. They arise 
symmetrically from the pylorus and are equidistant in 
position. In a fresh dissection, when a portion of the 
midgut and the hindgut is pulled out in opposite 
direction, it automatically tears up through the 
posterior end of the midgut leaving all the tubules in 
attached condition with the pyloric end of the hindgut.
In this case,the arrangement of the Malpighian tubules 
on the pylorus looks like a whorl of a flower in an 
acropetal succession. There is an arrangement of 
Malpighian tubules entering into the gut via ampullae 
or common stalks in various insect larvae, e.g., in ^  
coleopteran insect, Phyllophaga auzia (Berberet & Helms, 
1972); in lepidopteran, Corcyra cephalonica Staint (Khar^, 
1975)» Elasmopalpus lignosellus (Beals & Berberet'^ 1976), 
Calorramma festiva (Mohamed S: Murad, 1977 & 1979a); and 
in orthopteran larvae, Schistocerca piregaria (Savage,
1956) and Carausius morosus (Savage, 1962). However, 
there is no such ampular arrangement or common stalk 
system of Malpighian tubules near the origin or opening 
into the gut in C., anal is larva. This is similar to 
those observed in the larvae of the following beetles, 
e.g., Placoma. lichnanthe, Dichelonysc and Polyphylla 
(Areekul, 1957); Prionus laticollis (Benham, 1970); and 
Tribolium castanem (Ameen & Rahman, 1973)#
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After passing through the haemocoel, the three 
pairs of Malpighian tubules adhere to the colon in three 
successive annulated areas. Thus, the three pairs 
representing their entrance into the cryptonephridial 
chamber through three separate circlets, nearer to each 
other, and the two Malpighian tubixles of a pair are 
placed to the opposite sides of the colon. Hence, six 
Malpighian tubules are inserted into the outer envelope 
of the colon independently. There is no extra structure 
like "common chamber" as observed in the beetle,
Mylabris pustulata (Mohamed & Murad, 1975),

Cryptonephridia
The cryptonephridial system of C, analis larva 

includes the distal parts of the Malpighian tubules 
which remain adherent to the surface of the colon 
through the cryptonephridial chamber. The parts of the 
Malpighian tubules within this chamber are known as the 
cryptonephridia. In this case, the cryptonephridia 
initially extend as more or less straight tubues, 
then convolute in a serpentine manner. The convolutions 
are regular and gradually become prominent towards the 
posterior end of the colon. With the gradual increase 
in convolutions of the cryptonephridia, the 
cryptonephridial chamber also becomes proportionately 
wider towards the posterior end of the colon. Later,
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■the cryptonephridia end blindly just in front of the 
junction of the colon and the rectum. The cryptonephxidial 
chamber (including the convoluted cryptonephridia) 
measures 0.3 to 0.55 mm in length in the 2nd instar, 
whereas it measures 0.7 to 0.8 mm in the 4th instar.

All the cryptonephridia are uniform in diameter 
throughout their length, and appear to be equal in length. 
The cryptonephridia measure 0.02 to 0,025 mm in diameter 
in the 2nd instar larva, whereas they measure 0.05 to
0.06 mm in the 4th instar. There is no modification,
1,e. dilation or any lateral extension of these tubules 
like the "nephric buds" as observed in the beetle,
Ilylabris pustulata (Mohamed & Murad, 1975); or any other 
complex convolutions and ramifications of the 
cryptonephridia, described in the various lepidopterous 
larvae (Ishimori, 1924).
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IV.A. 1(b). AKATOFiY OP THE PUPAL MLPIGHIAN TUBULES 
OF C. ANALIS

Free tubules
The three pairs of Malpighian tubules, viz., 1st, 

2nd and 3rd pairs which have already been described in 
the larva of G. analis. still persist during the pupal 
stage except a few minor anatomical changes in their 
free parts. The tubules never disappear or degenerate 
either completely or partially throughout the vhole late 
larval (prepupal condition) and pupal life. Their 
proximal ends still remain attached to the anterior end 
of the pylorus; their distribution in the body cavity, 
and insertion into the cryptonephridial chamber remain 
as they were in the larva. But, the tubules are narrower 
than that of the larva, and more or less uniform in 
diameter throughout their whole lengths. These Malpighian 
tubules had began to become narrower and uniform in 
diameter just before the larval-pupal moult (i.e. during 
prepupal condition) (Fig, 6) and continued upto the middle- 
aged pupa. Thus, a typical Malpighian tubule of the pupa 
is a very long, thread-like, thin and semi-translucent 
organ which closely resembles the adult Malpighian 
tubules (Pigs, 7 & 8), The free parts of the 1st pair 
of Malpighian tubules measure 5.0 to 5*5 mm in length, 
whereas the 2nd and the 3rd pairs measure 3.5 to 4.5 
and 0.9 to 1.0 mm, respectively. All these tubules
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measure 0.01 to 0,02 lom in diameter. The cryptonephridial 
chamber (including the convoluted cryptonephridia} 
measure 0,7 to 0,8 mm in length*

Cryptonephridia

The cryptonephridial system as described earlier 
in the larva, exists in the pupa. The distribution pattern 
of the cryptonephridia into the cryptonephridial chamber 
also remains \inaltered,
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IV,A. 1(c). AKATOMT OP THE ADULT MAIPIGHIAH TUBULES 
OF C. ANALIS

Free tubules
As in many beetles, there are six cryptonephric 

Malpighian tubules in C. analls. The Malpighian tubules 
of the adult are very similar to those of the boll

y
weevil, Anthonomus grandis Boheman (Sundman & King, 1964) 
On the basis of arrangement and distribution of these 
tubules, like that of the larva, they can be grouped 
into three pairs, viz., 1st, 2nd and 3rd pairs. The 
origin, distribution, and insertion of these tubules 
into the cryptonephridial chamber are identical with 
the larval Malpighian tubules. All the adult Malpighian 
tubules are uniform in diameter (0,03-0,05 mm), thread­
like, and opaque-white in colour (Figs, 9, 10 & 11), In 
general appearance, they are quite similar to each other 
but greatly variable in length as in the larva. The 1st 
pair, i,e,, the longest pair of the Malpighian tubules 
extend anteriad upto the anterior end of the midgut then 
turn back posteriad and meet with the cryptonephridial 
chamber of the colon. They are distributed to the 
dorso-lateral sides of the midgut, and follow a zigzag 
convoluted coxirse, similar to that of the larva. The 
1st pair of the Malpighian tubules measure 3.7 to 3.9 
mm in length. The 2nd pair of Malpighian tubules are
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slightly shorter than the 1st pair. They also extend 
forward and then backward like the 1st pair, hut remain 
situated in the ventro-lateral sides of the midgut. They 
are 2,4 to 2,6 mm in length. The shortest pair of the 
Malpighian tubules i.e. the 3rd pair, instead of running 
forward extend posteriad through the two lateral sides 
of the convoluted ileum in the form of strings, and then 
meet with the cryptonephridial chamber of the colon like 
that of the larva. The 3rd pair of Malpighian tubules 
measure 0,8 to 0,9 mm in length. It appears that the 
free part of the longest Malpighian tubule (i,e, 1st 
pair) is about four and a half times longer than the 
shortest Malpighian tubule (i.e. 3rd pair), which is 
more or less similar to the observation of Sundman &
King (1964),

Cryptonephridia

Similar to that of the larva, the cryptonephridia 
of the adult also follow a serpentine convoluted course 
through the cryptonephridial chamber of the colon. The 
convolutions gradually become much prominent posteriorly 
and ultimately the distal tips of the cryptonephridia 
end blindly just infront of the junction of the colon 
and the rectvua. Due to the greater accommodation of 
convoluted cryptonephridia into the posterior part of
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cryptonephridial chamber, the posterior part of colon 
with the chamber appears to be more wider than the 
anterior end. Similar cryptonephridial system was 
observed in the beetles by many workers, viz., Woods 
(1918), Potts (1927), Davidson (1931), Miller (1931),
Burgess (1932), Kontkanen (1932), Auten (1933),
Brubaker (1934), Parkin "f”l 936), Pradhan (1936, 1939,
1 9 4 2), Patterson (1937), Mattingly (1938), Saksena 
(1 9 5 1 ), Hafez & El-Saidy (1952), Umeya (i960), Evans (1961), 
Hafeez & Gardiner (1964), Saini (1964), Hafez & Makky 
(1965), Grimstone et ^,'“(1968), Eenham'^1970), Morgan 
et al, (1 9 7 0), Ameen & Rahman (1973), Mohamed & Murad 
(1 9 7 5), and many others.

However, the cryptonephridial system also observed 
in many lepidopterous larvae, by many workers, viz.,
Ishimori (1924), Saini (1964), Durr (1967), Judy &
Gilbert (1969), Beals & Berberet (1976), and many others.
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IV,A. 1(d), METAMORPHIC CHAKGES (ANATOMICAL) lU THE 
MALPIGHIAU TUBULES OF C. ANALIS

a) Changes during larva to larva moults
There is no appreciable changes in appearance of 

the Malpighian tubules during larva to larva moults. The 
1 st, 2nd, and the 3rd pair of Malpighian tubuj.es, present 
in the 1st instar larva, gradually increase in length and 
diameter with the development of the larva during succeeding 
larval instars upto the prepupal condition of 4th instar 
larva. There is no other anatomical changes of the tubules 
which may be pointed out. Thus, for example, the 1st pair 
of Malpighian tubules which was foujid to be 2.0 mm in 
length and 0.015 mm in diameter, in the early 2nd instar 
larva, became 10,0 mm in length and 0,90 mm in diameter in 
the full grown (4th instar) larva. The other two pairs of 
Malpighian tubules also correspondingly develop during 
larval life of C. analis.

t) Changes during nrepupalj larval-punal moult^ 
and early pupal condition
During prepupal condition, the 1st and 2nd pair of 

Malpighian tubules gradually become uniform in diameter.
This is due to the gradual decrease in diameter of the 
middle free parts of the 1st and 2nd pairs of Malpighian 
tubules, whereas the proximal parts adjacent to the origin 
and distal parts (cryptonephridia + a little portion near 
to the insertion) remain unaltered in diameter. The 5rd 
pair of Malpighian tubul.es do not change in diameter and
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remain unaltered during prepupal condition of the larva. All 
these tubules still retain their irregular dilations 
throut;,hout their middle region and powdery-white in colour. 
This is due to the elimination of the vaste products of the 
lumen and partial histolysis and degeneration of the 
epithelial cells during prepupal condition, prior to the 
larval-pupal moult.

With the onset of the pupal life (just after the last 
larval moult), the Malpighian tubules without imdergoing any 
degenerating process, become more narrower and thinner than 
the prepupal condition. It continues upto the middle aged 
pupa. In this condition, the Malpighian tubules become very 
narrow, semi-translucent and thread-like and without any 
recognizable dilations in the middle part of the tubules
i.e., the surface of the tubules become more or less 
uniform. This thread-like structure of the tubules remain 
imchanged upto the pupal-adult moult.

c) Changes during pupal-adult moult and earlv adult 
condition

The changes of the Malpighian tubules during this 
period is very feeble. As soon as the pupal-adult moult is 
over, the Malpighian tubules slightly change in general 
appearance, during the early adult condition. The tubules 
appear to be slightly wider in diameter, become opaque- 
white in colour, and over all seems to be more 
rejuvenescent than the pupal condition.
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IV.A. 2(a). ANATOMY OF THE LAEVAL MALPIGHIAN TUBULES 
OE C. CHINENSIS.

In gross anatomy, the larval Malpighian tubules of 
chinensis are very similar to those of C, analis. These 

are briefly described below.
As in C. analis ̂ of the six cryptonephridic 

Malpighian tubules, two pairs are very long in comparison 
with the 3rd pair. After originating independently from 
the anterior end of the pylorus, the long tubules extend 
cephalad upto the anterior end of the midgut and then run 
caudad, whereas the short tubules directly extend caudad 
and meet with the cryptonephridial chamber of the colon.
The long tubules are slightly wider in the middle part, 
whereas the short tubiiles are almost uniform in diameter 
as described in C, analis (vide pp. 150-153). In the late 
larva, free portion of the long tubules measure 6,0 to 
7.5 mm in length, and their widest part measure 0,04 to 
0.6 mm in diameter; whereas the short tubules measure 
1.2 to 1,5 mm in length and 0.03 to 0.04 mm in diameter.

The cryptonephridial parts (i.e. cryptonephridia) 
of the Malpighian tubules follow a characteristic serpentine 
convoluted course within the cryptonephridial chamber as 
described in C. analis. The cryptonephridial chamber 
including the cryptonephridia measure 0,5 to 0.6 mm in 
length in tlie 4th instar.
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IV,A. 2(b). ANATOMY OF THE PUPAL MALPIGHIAN TUBULES 
OF C. CHINENSIS

Pupal Nalpighian tub\iles of C. chinensis are quite 
similar "to "those of C. analis. The "tubules are much "thinner 
than those of the larva. All Malpighian tubules are similar 
and uniform in diameter throughout their entire length. 
Their cryptonephridial arrangement remain "unaltered as 
in the larva. The long and short Malpighian tubules 
measure 3.0 to 4.0 mjn and 0.6 to 0.7 mm in length, 
respectively. Both of them measure 0.01 to 0.02 mm in 
diameter.

IV.A. 2(c). ANATOMY OF THE ADULT MALPIGHIAN TUBULES 
OF C. CHINENSIS

In gross appearance and distribution, the 
Malpighian tubules of the adult C. chinensis are quite 
identical with those of C , analis. They differ with 
those of the larvae in gross anatomy; but similar in 
origin, distribution, and cryptonephridic arrangement. 
The adult tubules resemble more closely with those of 
the pupa except that they are wider than the later.

As in C. analis. four long tubules (i.e. two 
long pairs) first extend forward and then backward in
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a zigzag way; whereas the two short tubules (i.e. one 
short pair) directly extend backward after originating 
from the pylorus (Fig, 12) (for C. analis. vide pp. 
157-158). The long tubules of the adult C. chinensis 
measure 2.0 to 2.6 mm, whereas the short tubules 
measure 0.5 to 0.6 mm in length. All these tubules 
measure 0.02 to 0 , 0 3 inm in diameter (of. C. anql j p),

The eryptonephridia of the adult remain unaltered 
in structure and arrangement within the cryptonephridial 
chamber as seen in the larva and pupa, which are also 
similar to those of C, analis (vide pp. 158-159).
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IV,A. 2(d). METAMORPHIC CHANGES (ANATOMICAL) OP THE 
MALPIGHIAN TUBULES OF C. CHINENSIS

Anatomical changes of the Malpighian tuhules 
of C. chinensiB are similar to those of C. analis.

a) As in C, analis. there is no remarkable 
anatomical changes in the Malpighian tubules of C. chinensls 
during larva to larva moults. The tubules only increase in 
length and diameter which is proportional to the development 
of the larval body during successive instars,

b) During prepupal condition, larval-pupal moult,
^ and pupal stage, as seen in C, analis (vide pp. 160-161),

^  the two pairs of long Malpighian tubules shorten
considerably and become narrower, and ultimately appear 
as thread-like in the late pupa,

c) The narrow pupal tubules become more prominent 
during pupal-adult moult and early adult condition, as 
seen in C, analis (vide p. 161).
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B, HISTOLOGY

IV,B, 1(a). HISTOLOGY OF THE LAHVAl MALPIGHIAU TUBULES 
OF C. ANALIS

His-tologically, there is no basic difference between 
the long (1st and 2nd pairs) and the short (3rd pair) 
Malpighian tubules; and even, among the different regions 
(i.e. proximal, middle, and distal parts) of the free 
tubules except a few minor ones; but these differ from 
that of the cryptonephridial part.

Free tubules
Each Malpighian tubule of the larva of C. analle 

is composed of a layer of epithelial cells serially 
arranged on a thin basement membrane (Figs. 24, 62, 63, 64, 
65, 66 & 79). Externally these cells are bounded by a 
peritonial layer in association with traces of muscles, 
connective tissue mass, finer branches of tracheae, and 
often with fat bodies. The cells are irregular cuboidal 
type which more closely resemble the epithelial cells 
of the hindgut than that of the midgut.

In cross sections, each of the free Malpighian 
tubiile of the 1 st and the early 2nd instar larva is found 
to consist of 8-16 epithelial cells in the middle region, 
and 4-6 cells towards the two ends which are arranged 
surrounding a central luunen (Figs. 62 & 63). Likewise,
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the lone Malpighian tubules (i.e. 1st and 2nd pair^ were 
foxind to be constituted by 8-12 cells, and the short 
tubules (i.e. 3rd pair) by 6-10 cells respectively, in 
the 3rd and early 4th instar Ĉ ’igs. 65, 66, & 6 7 ) .  The 
cells of the Malpighian tubules of the yovinger larvae 
(Figs, 62, 63 & 64) are comparatively shorter and wider 
than those of the full grown larvae (Figs, 65, 66 & 67). 
Thus,the cells of the Malpighian tubules of an early 2nd 
instar larva measure 15-25j m  in height and 20-35^^ in 
width. The nuclei are large, round to oval, and contain 
numerous prominent chromatin granules. The nuclei measure 
8-1 in diameter and the brush—border measures 1-2̂ jua
in thickness. The epithelial cells of the 3rd and the 4th 
instar are wider at the base, and tall and narrow towards 
the lumen. In general appearance, the cells look like 
short and blunt finger-like or conical (Figs. 65, 66 & 67) 
The cells of the middle part of the long tubules measure 
15-25_/im in height and 15-25j m  in width at the base, and 
their nuclei measure 5-8^  in diameter. The cells of the 
proximal part of the Malpighian tubules measure 20-25yim 
in height and 1 5 - 2 5 in width at the base, and the 
nuclei measure 6 - 9 in diameter. The cells of the short 
tubules measure 12-16yam in height and 12-16jum in width 
at the base. The nuclei of these cells measure 5-8yum in 
diameter. The cytoplasm of the cells of the Malpighian 
tubules are coarsely granular. These granular materials
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are actually the mitochondria and certain dense cytoplasmic 
spherules or /^concretion^ ” as observed under the 
electron microscope in several insects (Beams et 1955; 
Vigglesworth & Salpeter, 1962; Byers, 1971; Hello & Bolder, 
1977; Bolder & Mello, 1979; Ryerse, 1979; Souza ^  al,
1981; and many other recent workers).

The limen of the Malpighian tubules of the larva 
contain a large amount of waste products which almost fill 
up the space. It is comparatively wider at the middle 
region and gradually narrower towards the two ends of a 
long Malpighian tubule (1st and 2nd paiis).

Cryptonephridia
The cryptonephridial part of the Malpighian tubules 

is rather simple. The cryptonephridia consist of normally 
two large cells with prominent nuclei as observed in cross 
sections (Figs. 28, 29 * 80). They appear to be very flat cells 
which encircle a very limited and narrow lumen. The cells 
are always devoid of brush-border. The cell-boundaries 
between the two adjacent cells are very indistinct. The 
nuclei are very prominent with mamerous prominent chromatin 
granules. The nuclei of the yoiong larval cryptonephrida 
(Fig. 28) are comparatively very large than that of the 
late larva (Fig, 29) • The nuclei thus measure 8 to 12 
in diameter and 6 to S j m ,  in the early larva and late 
larva respectively.
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All the cryptonephridia are similar in strurcture. 
They are associated with the colon or remain adherent to 
the wall of the colon by an outer peritoneal layer. The 
tubules are very loosely arranged in the cryptonephridial 
chamber thus leaving short spaces between the adjacent 
tubules. These spaces often remain filled with connective 
tissue mass. There is no trace of any leptophragma in the 
cryptonephridial system of the larva of C, analis as seen 
in lepidopterous larvae (Saini, 1964).

IV.B. 1(b). HISTOLOGY OP THE PUPAL MALPIGHIAN TUBULES 
OP C. AMALIS

Free tubules

Histologically, all the pupal Malpighian tubules 
are similar in appearance. In cross sections, the free 
tubules are seen to consist of 2*-4 cells (Pig, 6 8). The 
cell are serially arranged on a thin basement membrane. 
The lumen of the Malpighian tubule is almost obliterated 
in the pupal stage (Pigs. 4 6, 69 & 96). The epithelium 
appears to be syncytial, since the adjacent cell 
boundaries are very indistinct; and the brush-border is 
not visible. Numerous very distinct, comparatively large 
and oval nuclei remain irregularly distributed in the 
epithelium. The epithelixm contains very little amoimt 
of cytoplasm surrounding the nuclei. The epithelium 
measures 6-9jxm . in height where the nuclei are
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in diame-ter. Kxamerous very distinct chromatin granules 
are present in the nuclei of the epithelium.

Cryptonephridia
The structure and arrangement of the cryptonephridia 

vithin the cryptonephridial chamber remain unaltered from 
that of the larva. But, the cytoplasmic content of the 
epithelial cells of the cryptonephridia is considerably 
lost, as a result the cells appear, as if shrinkage took 
place (I'igs. 48, 59, 98 & 105). The nuclei are still prominent 
which measure 6 - 9 in diameter. The chromatin granules 
are distinct.

IV.B. 1(c). HISTOLOGY OF THE ADULT MALPIGHIAN TUBULES 
OP C. AITALIS

The histological elements of all the three pairs 
of Malpighian tubules of adult analis are almost 
identical. The epithelial cells throughout the free 
portion of the tubule are more or less similar in 
appearance, whereas they are dissimilar to that of the 
cryptonephridial part of the Malpighian tubule. The 
epithelium of the free tubule of this insect resembles 
closely that of a beetle, Mylabris pustulate Thxunb 
(Mohamed & Murad, 1975), but differ much in the 
Cryptonephridia,
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Free tubules

The middle and the proximal parts of all Malpighian 
tubules consist of 8-10 cells, whereas the distal ends 
(nearer to the insertion into the cryptonephridial chamber) 
consist of 4-6 cells, as observed in several cross sections 
(of.Figs. 71,75a & 73b), The cells in the proximal and the 
middle parts ol the free tubules are quite similar in 
appearance; whereas, they differ slightly from those of 
the distal part, where the cells gradually modify to be 
adjusted with that of the cryptonephridia. However, 
typical epithelial cells of the free Malpighian tubules 
are short and blunt finger-like to slightly conical 
structures. The cells bear very prominent, ro\md to oval 
nuclei which contain deeply stained chromatin granules.
The cytoplasm of the cells is coarsely granular. The 
brush-borders are very thin and indistinct and are always 
found in contact with the waste materials of the lumen.
The lumen is more or less uniformly wide throughout the 
whole length of the free tubule (Figs, 70, 71 & 72), These 
cells measure 6-10j m . in height and 8-12^^ in width (at 
the base) in the proximal part of the tubules, and 7-12yum 
in hei;:ht and 9 - 1 5 in width (at the base) in the middle 
part of the tubules. The nuclei measure 3-6yim and 5-8^^ 
in diameter in the proximal and middle parts of the 
i;alpit,hian tubules, respectively. The cells of the distal 
part of the free tubules are comparatively short and
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wide and with irre^lar blunt margin towards the liimen 
(Pig.75b), These cells measure 5-9yam in height and 
10-18jxsa. in width, and their nuclei measure 4-9y 2m in 
diameter.

Cryptonephridia
The six cryptonephridia within the cryptonephridial 

chamber are very compactly arranged. They fill up the whole 
chamber.

The epithelial cells are quite large but their nuclei 
are relatively very small (Figs. 40 & 90). The nuclei measure 

? p m  in diameter. The nuclei bear a few chromatin granules. 
Externally,the cryptonephridia are limited by a peritonial 
membrane. The lumen of the cryptonephridia are very limited 
and narrow. Often, simple leptophragma are found. The 
leptophragma-forming cells,i.e.,"leptophragma cells" are 
hyaline structures and almost semi-lunar type, which touch 
the outer membrane (i.e. peritoneal membrane) of the 
cryptonephridial chamber. These are communicated with the 
interior upto the gut lumen by narrow spaces or cavities 
or pores (Fig. 40). These leptophragma are ill-defined 
as compared to those of other insects described by Saini 
(1964).
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IV, B. 1(d). MEMORPHIC CHAUCES (HISTOLOaiCAL) lU 
THE MALPIGHIAN TUBULES OP C, AJtALIS

Free tubules
a) Changes during larva to larva

Appreciable changes in histolo^ of the Malpighian 
tubules do not take place during larval-larval moults 
except that the epithelial cells modify in size and 
increase in number with the development of the larval 
life. Thus, for ezample, the cells in the free long 
Malpighian tubule, which were 15-25j m  in height and 20- 
35j m  in width in the 2nd instar, become 15-25_^ in 
height and 15-25yum in width in the 4th instar lairva.
The size of the nuclei gradually decrease with 
the development of the larva. Thus,the nuclei which 
measured 8-15j m . in diameter in the 2nd instar become 
5“9 i n  diameter in the 4th instar larva.

Changes during prepupal condition, larval-pupunal 
moult. and pupal stage

Drastic changes have been observed in the 
Malpighian tubules especially in the free parts of the 
long tubules (i.e. 1st & 2nd pairs) during prepupal 
condition of the late larva. During this preparation, 
most of the large epithelial cells continue gradual 
degeneration by liberating numerous cytoplasmic droplets 
into the lumen which are ultimately thrown out of the 
Malpighian tubules. The droplets are discharged continually 
at a time from the distal ends of the larger cells. Due to
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elimination of waste products along with the discharged 
cytoplasmic contents, the lumen of the tubules gradually 
becomesvery narrow. Due to vigorous secretion of the 
cytoplasmic droplets, some of the large cells become 
completely degenerated. This phenomenon of degeneration 
of the epithelial cells continue in the pupa. The boundary 
walls between the adjacent cells disappear and as a result 
the epithelium appears to be syncytial. The nuclei of the 
persisting smaller cells remain distributed in this 
epithelium. These smaller cells are generally known as 
the "ima^rinal cells'* (Figs. 6 4 ,  6 5  & 67).

The degeneration process of the Malpighian 
epithelial cells (i.e. the larger cells of the epithelium) 
still continue during pupal condition. Meanwhile, the 
"imaginal cells" become very active. Instead of 
degeneration, they become enlarged and prominent and 
sometimes multiply into daughter nuclei. The daughter 
nuclei also become prominent with a little amount of 
cytoplasm surrotmding them. In this condition, the 
epithelium becomes filled with prominent multinucleated 
structures during late pupal stage, just before pupal- 
adult moult (Fig. 69).

c) Changes during punal-adult moult and early adult stage
With the onset of the adult life, the epithelium 

gradually becomes cellular. The cells regain much of their 
cytoplasmic contents ,thus,metamorphosing the epitheliiam
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into a normal adult condition of the Malpighian tubule
(Figs, 71, 72, 73a & 73b), The lumen of the tubules 
gradually become wide and acctmulate a great quantity of 
waste products.

During metamorphosis of the Malpighian tubules 
of C, analis. it was observed that some of the persisting 
larval cells at the base of the tubules (in the junction 
of the midgut-Malpighian tubule becomesvery active which 
divide to give rise to a multinucleated syncytium (Figs.60 &
106), The nuclei of this zone at the base of the Malpighian 
tubules soon migrate towards the tubules. Thus, these cells 
make an addition in the development of tubvilea during 
metamorphosis.

Cryptonephridia
The cryptonephridia neither degenerate nor change 

in structure during successive larval instars. They remain 
arranged as usual in the cryptonephridial chamber during 
pupal and adult stages. But, dviring prepupal and pupal 
condition, the cryptonephridia become weak in appearance^ 
they loose a large amount of water content at this time 
(Figs, 48, 59* 98 & 105) with the progress of adult life 
just after the pupal-adult moult, the cells of the 
cryptonephridia regain much of the water content which 
help the tubules to become more prominent in appearance 
(Figs, 40 & 90).
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IV.B. 2(a). HISTOLOGY OF THE LARVAL KALPIGHIAN TUBULES 
OF C. CHINEKSIS

Histological elements of the larval Malpighian 
tubules of C. chinensis are very similar in structure and 
arrangement to those of C. analis, but they vary slightly 
in dimension than those of the latter.

Free tubules
As in C , analis. the free part of each long tubule 

of C. chinensis consists of 6-8 epithelial cells_, as seen 
in cross sections. The cells are wider at the base and 
narrower towards the lumen. The cells bear prominent roujad 
to oval nuclei. The cells of the free Malpighian tubule of 
the late larva measure 10-16^^ in height and 10-16j c m  in 
width (at the base), where as the cells of the short 
tubules measure 8 - 1 0 in height and 8 - 1 0 in width 
(at the base). The nuclei of these epithelial cells measure 
3 . 5 - 5 , 5 in diameter.

Cryptonephridia
The cryptonephridia consist of 2-5 cells with 

indistinct cell-boxmdaries in a cross section. The nuclei 
are very prominent which measure 4 - 6 in diameter.
Other associated histological elements of the larval 
Malpighian tubules of C, chinensis are also similar to 
those of C, analis (vide pp. 168-169),
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IV,E. 2(b). HISTOLOGY OP THE PUPAL MALPIGHM TUBULES 
OF C. CHIKENSIS

Free tubules
As in C, analis. "the epitheliuin of "the free 

Malpighian tubule of the pupa of C, chinensis is very thin 
and appears syncytial as the adjacent cell-boundaries are 
not distinct. The Imen is almost obliterated. But the 
nuclei are always very prominent. The pupal epithelium of 
the Malpighian tubule measures 4-6 ̂jom in height, where the 
nuclei measure 3.5-5.0 j j m  in diameter, A brush-border is 
absent in the pupal epithelium,

C rypt one phridia
The cryptonephridial epithelium with their nuclei 

remain unaltered in the pupa, as seen in C. analis also 
(vide p. 170),

IV,B. 2(c). HISTOLOGY OF THE ADULT 1-IALPIGHIAN TUBULES 
OF C, CHINEKSIS

The histological elements of all the Malpighian 
tubiales (i.e. long and short tubules) are similar to each 
other. They are identical with those of C. pnai j .q but 
differ slightly in the dimension of the cells and nuclei.
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Free tubules
Each, free tubule consists of a ring of 4-8 cells 

in cross sections. The shape of these epithelial cells 
and their nuclei are quite similar to those of C. analis 
(vide pp. 1 7 1 -1 7 2 ). The epithelial cells of the Malpighian 
tubules of C, chinensis measure 4-7ju m  in height and 5-8 
yam in width (at the base), and their nuclei measure 3.5-5 
yam in diameter (of, C, analis).

Cryptonephridia
The epithelium of a cryptonephridium consists of 

2-3 cells in a cross section with distinct nuclei, which 
are also identical with those of C. analis. The nuclei of 
these cells measured 4 . 0 - 5 . 5 in diameter. Often, simple 
leptophragma is seen in the cryptonephridial arrangement 
which is also similar to that of C. analis (vide p, 172),

IV.B, 2(d), METAMORPHIC CHAUGES (HISTOLOaiCAL) IK THE 
MALPIGHIAN TUBULES OF C. CHIMENSIS

The histological changes in the Malpighian tubules 
of chinensis during metamorphosis are very similar to 
those of C. analis. These changes are described only 
briefly with reference to those of C, analis.

Dhaka University Institutional Repository



- 179 -

a) The change of the histological elements of the 
Malpighian tubules of C. chinensis during larva to larva 
moults is very simple. As in C, analis« the epithelial 
cells increase in num'ber and size, which is proportional 
to the growth and development of the larval hody,

b) The changes in the epitheliiim of the Malpighian 
tubules during prepupal period, larval-pupal moult, and 
pupal stage are very significant, which are very similar 
to those of C. analis. However, the following points can 
be described in a nutshell.

i) During the prepupal condition, most of the large 
epithelial cells of the larval Malpighian tubules 
degenerate as described in C, analis (vide pp. 173-174).

ii) The smaller epithelial cells which avoid 
degeneration during this time (prepupa and early pupa) 
termed to be the "imaginal cells" or "regenerative cells", 
which ultimately divide, distribute in the syncytium, and 
form the adult epithelium as in C. analis (vide p. 174).

c) The thin pupal epithelium of the Malpighian 
tubules gradually redifferentiate into an adult epithelium 
by collecting a certain amount of the cytoplasmic contents 
around them and developing the cell boundaries, during 
pupal-adult moult and early adult condition when the insect 
remains within the pabulum of seed, as seen in C, analis 

(vide pp. 175 - 176).
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IV. C. DISCUSSION 
MAXPIGHIM TUBULES

Coleoptera
Available literature reveals that there is 

neither complete degeneration nor any "neo-formation" 
arising as outgrowths of the Malpighian tubules in the 
beetles during metamorphosis, A few cells of the larval 
epithelium degenerate; and the adult epithelium is 
developed from "imaginal cells" or certain persistent 
larval cells, or from a combination of these two types 
of cells in the Malpighian tubules of the beetles,

Anobium paniceum (Karawaiew, 1899) and 0alandra 
(Murray & Tiegs, 1935)» certain small cells which are 
quite distinguishable from the normal larval epithelial 
cells and have the power of regeneration, have been 
considered as the "imaginal cells". These "imaginal cells" 
of the larval Malpighian tubules partially replace the 
epitheli\im during metamorphosis. The cryptonephridia never 
change in structure in A, panicetun, .

In Galerucella (Poyarkoff, 1910), partial 
degeneration of the larval epithelium takes place by 
the histolysis of some of the larval cells. The adult 
epithelium is rebuilt from two sources, viz., "imaginal 
cells" and certain persistent larval cells which have 
the power of division during metamorphosis. The 
cryptonephridial parts of the Malpighian tubules never
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degenerate nor their is any remarkable change during 
metamorphosiB.

In Leptinotarsa (Patay, 1939), the larval 
Malpighian tubxiles neither degenerate nor there is any 
histolysis of the epithelium, even there is no loss of 
material. At the beginning of the pupal life, the 
larval epithelixm becomes atrophic which gradually 
redifferentiates into the adult epithelium.

In ̂ en^brio molitor L.(ByersBond, 1971), the 
cryptonephridia or "perirectal Malpighian tubules" 
being similar in structxzre and ftmctlon in both larva 
and adult, they undergo a sequence of dramatic alteration 
in subcellular organization. The tubule cells xindergo 
degenerative changes which ultimately progressively 
redifferentiate into the adult form.

Insects other than Coleoptera
Similar to the origin and successive 

development of the larval Malpighian tubules in 
different insects, described by many workers, (e.g. 
Henson, 1932, 1944 & 1946 ; Savage, 1956 & 1962; 
Srivaatava & Bahad\xr, 1961; Srivastava & Ehare, 1966; 
and Khare, 1975), the adult Malpighian tubules develop 
as fresh and new from a zone of undifferentiated cells 
at the junction of the midgut and hindgut, after complete 
degeneration of the tubules during metamorphosis.
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Ameen (1969) called this type of adult Malpighian tubule 
iormation as "neo-f oimation", This is very coromon in many 
hymenopteran insects, e.g. in Bombinae, Psithyrinae, 
Vespinae, Polistinae and Sphaecinae (Bordas, 1894); in

■l/
ants, e.g., Lasius flavus (Karawaiew, 1898), Formica 
(Perez, 1901 & 1902), and Mvnaica (llitschmann, 1959); in 
wasp (Anglas, I9 0 1); in bees (Anglas, 1901; 0ertel^1930; 
K-Usmenko, 1941; Dobrovsky, 1951). In I^asonia (Tiegs, 1922), 
the Malpighian tubules of the adult is developed directly 
(instead of neo-formation) from the anterior end of the 
hindgut as an evaginating process, since there are no 
larval Malpighian tubuJLes.

In many lepidopteran insects e.g. Tineola and 
Galleria (Cholodkowsky, 1884 & 1887), Galleria mellonella 
and Monopis crocicapitella (Le Garff, 1974 & 1976), the 
Malpighian tubules present complete degeneration and new 
development during metamorphosis. The adult tubules are 
developed as neo-formations from a special population of 
larval cells, localized at the anterior end of the 
hindgut. In these insects, the cryptonephridia which were 
present in the larva, never develop in the adult condition. 
In some lepidopteran insects e.g, Heterogenea limacodes 
(Samson, 1908), Hyponomeuta padella 1, (Hufnagel, 1918), 
Bombyx mori L, (Ito, 1921), sphingid moths (Garbarskaja, 
1 9 2 9), A^lais (Venesea) (Henson, 1939)» Philosamia ricini 
(Srivastava & Khare, 1966),and Korscheltellus lupulinus
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(Le Garff, 1978), the larval Malpighian tuhules do not 
degenerate. They persist integrally during metamorphoBis, 
Thus,the adult Malpighian tubxQes are derived by simple 
redifferentiation. Garff (1978) observed that each cell 
of the Malpighian tubTole undergoes a reduction of size 
and important nuclear alteration during metamorphosis in 
K, lupulinus.

In dipteran insects, e.g. Musca vomltoria (van Rees, 
1888), Chironomus. Simulium and Psychoda (Vaney, 1902), 
Culex (Thompson, ^ 9 0 5 ) ,  Callinhora (Perez, 1910a & 1910b), 
^^os_ophila (Robertson, 1936), the metamorphic changes of 
the Malpighian tubiaes are very feeble. The larval tubules 
become imaginal without any remarkable change, like 
complete degeneration or neo-formation of the Malpighian 
tubiiles. However, little changes that occur in these 
tubules are due to progressive redifferentiation of the 
epithelial cells during metamorphosis. In Ptychoptera 
albimana (Ameen, 1969), a combination of several processes 
take part in the metamorphosis of the Malpighian tubules.
In the normal tubules, progressive divisions of some of 
the persistent larval nuclei or certain regenerative 
nuclei (known as the "imaginal nuclei") give rise to the 
daughter nuclei which are ultimately carried over to the 
adult without any morphological change. Whereas, in the 
saccular tubes (modified larval tubes), the larval
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epitheli-um mostly degenerates which ultimately regenerates 
by the regenerative nuclei. This is accompanied "by 

cellular redifferentiation of the tubule.

In C. analis and C, chinensis. the larval 
Malpighian tubules neither degenerate nor there is any 
"neo-formation" during metamorphosis. The metamorphic 
changes in these tubules closely resemble those of 
other coleopteran insects, certain dipteran insects, and 
a few insects of some other groups as revealed from tlie 
above review of literature. However, it is very similar 
to that of the beetle, Galerucella (Poyarkoff, 1910) 
except a few minor differences. In C, analis and 
C. chinensis. some of the larval epithelial cells which 
are larger in size degenerate and consequently a few 
smaller cells which may be regarded as the "regenerative" 
or "imaginal cells" divide, thus making an addition to 
the normal epitheliuju of the free middle part of the 
Malpighian tubules during metamorphosis. Besides,a few 
ujidifferentiated nuclei localized at the base (proximal 
end) of the Malpighian tubules divide and give rise to 
many daughter cells which ultimately make a small 
addition to the adult epithelium formation. During this 
procedure, cytoplasmic diminution takes place during 
initial condition, as a result the pupal epithelium 
becomes thin and weak. The loss of the cytoplasmic

Dhaka University Institutional Repository



- 185 -

contents of the epitheliiun is compensated with the 
onset of the adult life, thus establishing the normal 
adult epithelivim of the Malpighian tubules.

The larval cryptonephridia never degenerate either 
completely or partly during metamorphosis of C. analis 
and C, chinensis. The arrangement of these tubules also 
remain unaltered. Only, the cytoplasmic loss which 
occurred in the prepupal and early pupal stages is 
regained in the early adult condition. Besides this, a few 
simple"leptophragma" which were never found in the 
larval cryptonephridial system, gradually became evident 
in the adult during metamorphosis.
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The larval alimentary canal of C. analIs consists 
of a short and straight foregut, distinguishable into 
pharynx, oesophagus, and proventriculus (only in the 
late larva); long and wide midgut, divisible into an 
anterior and a posterior midgut; and a narrov? convoluted 
hindgut, differentiated into a short pylorus, a 
characteristic "S"-shaped ileum, a cryptonephridia- 
invested colon, and a short rectiim.

In the pupal stage the midgut shortens considerably 
and the so-called "yellow bodies" can be seen easily 
through the thin wall. The fore- and hind-gut remain almost 
unchanged except that the foregut is bent cephalad.

In the adult the fore- and hind-gut are slightly 
longer than in the pupa. "Crypts" appear along the entire 
midgut, and the anterior midgut becomes slightly swollen 
and irregular in shape.

The anatomy of the alimentary canal of C, chinensis 
and its changes during metamorphosis are very similar to 
those of C. analis.

The foregut epithelimn of C, analis consists of 
cuboidal cells resting on a basement membrane and 
surrounded by longitudinal and circular muscles. The 
epithelium is invested by an intima internally which

V . SUMMARY

Dhaka University Institutional Repository



- 187 -

"bears spines in the pharyngeal and proventricular regions. 
The struct'ure of the hindgut is more or less sirtiilai* to 
that of the foreigut and its intima bears spines in the 
rectal region. In addition to the normal musculature the 
rectum bears a "complex of diagonal muscles".

The larval midgut epithelium contains three types 
of epithelial cells in addition to the regenerative cells 
(i.e. nidi) : tall and narrow coluionar in the anterior 
part of the anterior midgut, short and wide columnar in 
the posterior part of the anterior midgut, and simple 
narrow columnar in the posterior midgut. Both anterior 
and posterior imaginal ring cells occur at the junction 
of the midgut with foregut and hindgut respectively. In 
addition there are a few undifferentiated "transitional 
cells" in front of the anterior imaginal ring cells.

The pupal foregut and hindgut epithelial cells 
become squeezed, the intima detach and histolyse 
completely. The musculature shows degenerative changes.
The pupal midgut epithelium is thin and uniform all along 
its length; its lumen contains "yellow bodies" towards 
the middle, and "proliferated cells" from the anterior 
and posterior imaginal rings at the two ends.

"Pharyngeal and oesophageal spines" and 
"proventricular needles", and "proventricular valves" 
appear in the adult foregut, "Rectal pads" and "rectal 
papillae" differentiate in the adult hindgut.
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During metamorphosis the larval midgut epithelium 
degenerates completely with simultaneous regeneration and 
neo~formation of the pupal epithelium from regenerative 
cells .

The pupal midgut epithelitim redifferentiates into 
the adult epithelim by absorbing digested yellow bodies 
and the cells that were proliferated from the anterior 
and posterior imaginal rings.

The epithelium of the foregut and hindgut never 
degenerate but redifferentiate during metamorphosis.

The histology and metamorphic changes of the 
alimentary canal of C. chinensis are similar to those 
of C, analis, ^

In C. analis. there are siz cryptonephridic 
Malpighian tubules. Two of them are very short, extend 
caudad and differ slightly from the longer four which 
initially extend cephalad. All the Malpighian tubules of 
the pupa and adult are similar, unlike that in the larva,

\ The Malpighian tubules shorten and become
narrower in the pupa, which widen again in the adult.
Their distribution is similar in both the pupa and the 
adult. The anatomy and disposition of the Malpighian 
tubules of C. chinensis are similar to those of C, analis.
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The epithelium of the free Malpighian tubules 
is composed of cuboidal cells with large nuclei and 
distinct brush-border. There are some "imaginal cells" 
in addition to the active cells, which remain scattered 
in the epithelium. During metamorphosis some larval 
Kalpighian epithelial cells degenerate and a new 
epithelium is formed by the growth and differentiation 
of the "imaginal cells".

There is no appreciable change in the cryptonephridi a 
or its arrangement in the cryptonephridial chamber during 
metamorphosis except that a few indistinct "leptophragma" 
become apparent in the adult.

The anatomy, histology, and metamorphosis of the 
Halpighian tubiQes of C, chinensis are identical with 
those of C. analis.
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21, Part of I.S. of posterior section of the 
anterior mid£fut (2nd instar), showing short 
and wide columnar epithelial cells,

22, Part of l.S. of posterior midgut (2nd instar)

23, Part of T,S, of posterior midgut (1st instar)

Figs. 21-23. C, analls larva. Different parts of
the alimentary canal*

fc = food contents
ni = nidus
s.col.c, = short and wide columnar epithelial cell
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Mt.c, =s epithelial cell of Malpighian tubule
o.Mt. = opening of Malpighian tubule
pyl.c. = epithelial cell of pylorus

Figs. 24-26. C, analis larva. Different parts of 
the alimentary canal.

2 4. T.S. of anterior end of the pylorus (2nd instar), ^
showing the opening of the Malpighian tubules,

2 5. T.S. of posterior end of the pylorus (2nd instar), 

p6. T.S. of ileum (2nd instar).
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2 7 , T.S, of anterior end of the colon (1st instar)
showing initial insertion of two Malpighian ^
tuhules,

28, Part of T.S, of colon (1st instar) with 
cryptonephridial £57 stem,

2 9 , T.S. of colon (3rd instar), with 
cryptonephridial system,

3 0, T.S. of rectxim (2nd instar), showing rectal
spines and "diagonal muscles", >

. cm = circular muscle
 ̂co.ep. = colon epithelium
crn = cryptonephridium
crn.ch. = cryptonephridial chamber 

• dg.m, = diagonal muscle
 ̂int = intima

Figs, 27-30, C. analis larva. Different parts of
the alimentary canal,

I

. j.ad.Mt, = just adrered Malpighian tuhule around
the colon wall

-im = longitudinal muscle
pnm = perinephric membrane

 ̂rec.sp, = rectal spine
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3 1 . T.S. of anterior part of the pharynx, 
showing pharyngeal spines.

T.S. of posterior part of the pharynx, 
showing thick intima without spines.

33, T.S. of middle part of the oesophagus, 
showing minute oesophageal spines,

3 4, T.S. of posterior part of the oesophagus, 
showing prominent oesophageal spines.

PigB. 31-34. Adult C. analis. Different parts of the
alimentary canal.

cm = circular muscle
int = intima 
Itti = longitudinal muscle
oe.sp. = oesophageal spine 
ph.sp. = pharyngeal spine

A.

r
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alimentary canal.
Fi£S. 3 5 & 3 6. Adult C, analis« Different; parts of the

35. Part of T.S. of anterior end of th,e 
proventriculus, showing the stripe of 
sclerotized intima and proventricular 
needles*

3 6 . Cbliq-ae section from foregut-midgut region 
showing anterior lobed part of the midgut 
and anterior section of the proventriculus,

al.lb.c, = epithelial cells of antero-lateral lobe
cpt =s crypt
ct = connective tissue
l.al.lb. = lumen of antero-lateral lobe
m.al.lb. = muscles adjacent to the antero-lateral

lobe (i.e. in the neck of proventricular 
invagination)

prov.ne, = proventricular needles 
sol,int. = sclerotized intima

X
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37. L*S, of foregut-midgut junction, showing 
anterior section of the proventriculus with 
needles and posterior section vith thick 
intima; proventricular valves and 
sphincter muscles,

38, Part of T,S, of anterior midgut, showing 
secretoty extrussions of the epithelial 
cells and crypts,

. a.mg.c. = anterior midgut (epithelial)cells
v/a. prov« = anterior section of proventriculus 
.. cm = circular muscle
cpt = crypt
,'lm = longitudinal muscle
mg.c. = midgut (epithelial) cell

. oe = oesophagus
oe.sp. = oesophageal spine
p.prov, = posterior section of proventriculus
prov.ne, = proventricular needles
prov.v. = proventricular valve
sec.extr, = secretory extrussions

- sph.m, = sphincter muscle
'^tr.c. = transitional cells

Figs, 37 & 38» Adult C. analis. Different parts of
the alimentary canal,
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39. Part of L.S, of ileuin
40. Part of T.S. of colon with cryptonephridial 

system,
41 . Part of T.S, of anterior end of the rectum, 

showing rectal pads,
42. T-.S. of posterior end of the rectim, showing

rectal papillae and rectal spines.

Figs, 59-42. Adult C, analis« Different parts of
the alimentary canal.

-cm = circular muscle
co.ep. = colon epithelium
. c m  = cryptonephridium
crn.ch, = cryptonephridial chamber
dg.m. = diagonal muscle

' lept = leptophragma
' pnm = perinephric membrane
rec.pap. = rectal papilla
rec.pd. = rectal pad
rec, sp, = rectal spine
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43, L,S, of late pupal (6 days old) foregut and 
foregut-mid^t junction, showing developing 
proventriciilar needles and valves and
stream of proliferated cells from the anterior
imaginal ring, ^

44, L.S. passing through anterior midgut and posterior 
midgut junction of late pupa (8 days old),

45, Part of T.S, of anterior midgut of the pupa 
(7 days old) , normal pupal midgut epithelium 
vith regenerative cells; yellow "bodies and 
degenerated cells in the lumen,

air = anterior inaginal ring
ideg.c, = degenerating cells
dev,int. = developing intima y

■ dev.m, = developing muscle
vdev.ne. = developing needles
. ciev.prov,v. = developing proventricular valve
 ̂dm = dilator muscle
ep.a.mg. = epithelixim of anterior midgut

•, ep.p.mg, = epitheliujn of posterior midgut
. l.oe, = Itmen of oesophagus
l.ph. = lumen of pharynx
l.prov. = lumen of proventriculus
prol.c, = proliferated cells
pup.ep. = pupal (midgut) epithelium •*.
r.c. = regenerative cell
yh.fl, = fluid medium which contain yellow “bodies
yb.gr, = granular yellow bodies
yb,l, = larger yellow hodies
yb,s, = smaller yellow hodies

' z.prov.v, = zone of daughter nuclei which form the
proventricular valves.

- 228 -

Figs, 43-45. Pupa of C. analis. Different parts
of the alimentary canal,
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4 6 , l.S. of midgut-hindgut junction of pupa (6 days 
old), showing stream of proliferated cells from 
the posterior imaginal ring and opening of a 
Malpighian tuhule *

47. T.S. of pupal (6 days old) ileum, showing 
hollow space at the basal part of the epithelial 
fold,

48, L.S, passing through the colon-rectum junction 
of pupa (6 days old),

49. L.S. of late pupal (8 days old) rectum, shov/ing 
developing "rectal pads” and "rectal papillae" 
regions.

Figs, 46-49. Pupa of C, analis. Different parts
of the alimentary canal.

‘ co.ep, = colon epithelium
N/crn = cryptonephridium
'^crn.ch, = cryptonephridial chamber
'^dev.rec.pd, = developing rectal pad
. dev.rec.pap, = developing rectal papilla
■ dev,sp, = developing spine
ep,p.mg, = epithelium of posterior midgut
 ̂h.s, = hollow space
V Mt = Malpighian tubule
o.Mt, = opening of Malpighian tubule
pir = posterior imaginal ring
'prol.c,pyl, = proliferated cells in the pylorus
vpyl.ep. = pyloric epithelium
- rec.ep. = rectal epithelium
/ str,prol,c, = stream of proliferated cells

Dhaka University Institutional Repository



CO.ep.

pir

V

crn.ch.

^dev.sp.

Dhaka University Institutional Repository



- 230 -

Pigs. 50-52. Pupa of C. analls. Differen-t parts of
the alimentary canal.

A

50.

51 . 

52,

L.S. of foregTit and fore^t-midgut junction 
of early pupa (1 day old), showing histolysing 
intima and muscles, degenerating midgut 
epithelitua and proliferation of cells from 
the anterior imaginal ring.
L.S. of early pupal (2 days old) foregut- 
midgut junction, showing "intimal hlock".
L.S, of pupal (5days old) foregut and 
foregut-midgut junction, showing developing 
proventricular valve and "anterior plug" 
formed by the proliferated cells from the 
anterior imaginal ring, and yellow bodies 
in the midgut Itimen, y

air 
v-a.mg. 
a.pg. 
vdeg.ep. 
.^ev. ep, 
•xdev.prov.v.
hist,int. 

v^ist .m,
»c • s • 

^int.bl, 
prov. 

n.n.p, 
v̂ oe
, oe.ep,
-ph
-ph.ep.
' prov 
./•prov. ep.
- sec.ves.
' tr.c.
.yb

anterior imaginal ring 
anterior midgut 
"anterior plug" 
degenerating epithelium 
developing epithelitim 
developing proventricular valve 
histolysing intima 
histolysing muscle 
inter-cellular space 
intimal block 
lumen of proventriculus 
non~nucleated part 
oesophagus
oesophageal epithelium 
pharynx
pharyngeal epithelium 
proventriculus 
proventricular epithelium 
secretory vesicle 
transitional cells 
yellow body
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i''igs. 53-57. "Prepupa", pupa, and early adult of C. analis.
Different parts of the alimentary canal.

53. Part of T.S, of anterior midgut of the 
"prepupa" showing almost uniform epithelium 
after partial degeneration of the larral 
epithelium,

54. Part of T.S. of early pupal (2 days old)
anterior midgut, showing further degeneration v
of the "prepupal" epithelium after larval- 
pupal moult.

55. Part of L.S. of middle aged pupal (4 days old) 
anterior midgut, showing a new imaginal 
epithelium after complete degeneration of
the larval epithelium; the regenerative cells 
divided into daughter cells in a thin film 
of cytoplasm.

56. Part of T.S. of late pupal (9 days old) 
anterior midgut epithelium, showing cluster 
of daughter regenerative nuclei in the nidus 
which later form the crypt of the adult midgut.

V

57. Part of T.S. of anterior midgut of an early 
adult, showing developing crypt.

deg.c. = degenerating cells
-dt.c. — daughter cells
•dt.n. =: daughter nucleus
dev.cpt. = developing crypt

- mg.0 . midgut epithelial cell
''in.n. = mother nucleus
vsec.ves. = secretory vesicle
'̂ yb = yellow body
.ylD.fl. — fluid meditim which contain yellow bodies
yb.gr. — granular yellow body
yh.i. = larger yellow body
yb.s. - smaller yellow body

A
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Figs, 58 & 59. Pupa of C. analis. Different parts
of the alimentary canal,

58, L.S, of midgut-hind^t junction of an early
pupa (3 days old), sh.owing zones of proliferated '
cells from the posterior iraaginal ring,

59, Part of L.S. of colon-rectum junction of 
the pupa (4 days old), showing a "septum" 
in the junction, and cryptonephridia,

- cm = circular muscle
' co,ep, ■= colon epithelium ^
. crn = cryptonephridiiam
'^crn.ch, = cryptonephridial chamber
'/d.p ,n,z, = densely packed nucleated zone
'^i.c.s, = inter-cellular space
'^l,c,z, = loose cellular zone
■/mg.c, = midgut (epithelial) cell
- pir = posterica: imaginal ring
'^prol.c, = proliferated cells V
vpyl.c, = pyloric epithelial cell
rec.ep, = rectal epithelixun

■' sep = septiom
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of the alimentary canal,

60, L.S, of midgut-hindf'mt junction of the pupa 
(6 days old), showing zone of daughter nuclei 
•which make an addition to the Malpighian tutule 
formation, stream of proliferated cells from 
the posterior imaginal ring forming "posterior 
plug", and a shelf-like structure at the 
junction,

61, Same as Fig# 60 under higher magnification, 
showing migration of proliferated cells from 
the posterior imaginal ring.

Fif;s. 60 & 61, Pupa of C, analis. Different parts

' mg,c, = midgut (epithelial) cell
/Mt = Malpighian tutule
pir = posterior imaginal ring

\^prol,c. = proliferated cells
sh.pr. = shelf-like prolongation
str.prol, c, pir. = stream of proliferated cells

from posterior imaginal ring
 ̂z.Mt = zone of daughter nuclei which

make an addition to the 
formation of Malpighian tuhule

y

A
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62. T.S. of middle region of long Malpighian 
tubule (1st instar),

65, T.S. of proximal part of long Malpighian 
tubule (2nd instar),

64. Ii.S. of proximal part of long Malpighian 
tubiile (1st instar),

65. T.S. of middle part of long Malpighian 
tubule (3rd instar),

66. T.S. of prozimal part of long Malpighian 
tubule (3rd instar),

67. T.S. of middle part of short Malpighian 
tubule (3rd instar).

Figs, 62-67. C, analis larva. Bifferenl; parts of
the Malpighian tubules,

im.c. = imaginal cell
Mt,c. = epithelial cell of Malpighian tubule

y
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68, T.S, of middle part of long Malpighian tubule,

6 9, Part of L.S. of long Malpighian tubule ^

Figs. 70-73b, Adult C, analis. Different parts of
the Malpighian tubules,

7 0 , Part of T.S. of anterior pylorus, showing 
opening of a Malpighian tubule.

7 1 , T.S. of middle part of a long Malpighian
tube, >■

7 2 , Part of L.S. of a short Malpighian tubule.

73a. T.S. of proximal part of a long
Malpighian tubule,

73b, T.S, of distal part of long Malpighian 
tubule,

Figs. 68 & 69. C. analis pupa. Different parts of
the Malpighian tubules,

Mt,c. = epithelial cells of Malpighian tubule
o.Mt. = opening of Malpighian tubule
pyl.c, = epithelial cells of pylorus

\/
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Fig. 74. C, analis larva (2nd instar). Photomicrograph. 
Part of T.S, of oesophagus.

*

cm = circular muscle 
• int = intima 
oe.ep. = oesophageal epithelium

Fig. 75. C, analis larva (2nd instar). Photomicrograph. 
Part of 1,S, of foregut-midgut junction, 
showing oesophageal invagination.

air.c, = anterior imaginal ring*
fc = food contents of the gut
oe. ep, = oesophageal epithelium
oe.inv.ep, = epithelium of the oesophageal

Invagination
sph.m. = sphincter muscle
tr.c. = transitional cells.
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Fig. 76, C« ^alis larva (4th instar). Photomicrograph,
L,S, passing through the foregut-midgut junction, 
showing proventricular invagination and tall and 
narrow coliunnar cells of anterior section of 
the anterior nidgut.

i. ep.

V' oe.ep, 

.prov.ep.

infolding of 
midgut epithelium
oesophageal
epithelium
proventricular
epithelium

• prov.inv, = proventricular 
invagination

. sec.ves, 

t.col.c.

secretory
vesicle
tall and narrow 
columnar cells

Fig. 77. C, analia lairva (1st instar). Photomicrograph, 
Part of L.S. of anterior midgut.

• ^ t c  ~ food contents 
\/ ni = nidus

A
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-i-* ig* 78, C. g-Aslis larva (4‘fch ins"tar). Phoijoinlcrograph, 
Part of L.S, passing through the posterior 
section of the anterior midgrut, showing short 
and wide colioianar cells,

s.col.c. =s short and wide colimnar cells 
sec, ves, = secretory vesicle

Fig, 79. C, analis larva (2nd instar). Photomicrograph, 
T.S. of anterior end of pylorus, showing the 
opening of the Malpighian tubules,

Mt.c. = cell of Malpighian tubule 
o.Mt, = opening of Malpighian tubule 
pyl.c. = pyloric epithelial cell.
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Pig. 80. C. analis larva (3rd instar). Fhotomicro^^raph, 
T.S. of colon with cryptonephridial system.

c m  = cryptonephridiiufl
. co.ep. = colon epith.ellum

Fig. 81. C. analis larva (2nd instar), PhotorQicrograph. 
T.S, of recttuD, showing rectal spines, 
diagonal and longitudinal muscles,

dg.m. = diagonal muscles 
Im = longitudinal muscles
rec.sp. = rectal spines

A*
"/
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Fig. 82. Adult C, analis, Photomicrograph.
T.S. of anterior part of the pharynx 
showing pharyngeal spine.

ph.sp. = pharyngeal spine

i'ig, 83. Adult C. analis. Photomicrograph.
T.S. of posterior part of the pharynx, 

i  showing thick intima without spines,

int = intima

vy
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Fig, 84. Adult C, analis. Photomicrograph,
T,S, of middle part of the oesophagus, 
showing minute oesophageal spines,

oe.sp, = oesophageal spines

Fig. 85, Adult C, analis. Photomicrograph.
T.S, of anterior end of the proventriculus, 
showing proventricular needles,

prov, ne. = proventricular needles
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Pig, 86. Adult C, analis. rhotoinicrograph.
Oblique section from foregut-midgut region, 
showing proventricular needles in the 
proventriculus,prominent muscles (sphincter 
muscles) in between the proventriculus and 
lobed end of the midgut.

al.lb, = anterior lobed 
part (antero­
lateral lobe) 
of midgut

cpt =5 crypt
m.a^.lb, = muscles (sphincter 

' muscles) adjacent
to the antero-lateral 
lobe

prov

prov,ne,= proventricular 
needles.

Fig. 87. Adult of C, analis. Photomicrograph.
L.S, of foregut-midgut junction, showing 
proventricular valve, needles, and 
invagination.

prov, inv. = proventricular invagination 
prov, ne. = proventricular needles 
prov, V ,  = proventricular valve

J
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l̂ ig. 88, AdTali; C» analis, Photomicrograph,
Part of T,S. of anterior midgut, showing 
secretory extrussions of the epithelial 
cells, and crypts,

opt = crypt
sec,extr,= secretory extrussions

Pig# 89* Adult C, analis. Photomicrograph, 
Part of L.S. of ileum.

il.ep, = ileal epithelium 
Ht = Malpighian tubule
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Fig. 90, Ad"u.l1: C, analis. Photomicrograph,
T.S, of colon with cryptonephridial system.

co,ep, = colon epithelium 
crn = cryptonephridiiun 
fec.m. = faecal matters

Fig, 9 1 • Adult C, analis. Photomicrograph,
T.S, of anterior end of rectum, 
showing rectal pad.

rec, pd, ' = rectal pad V
. wn -• 7

A
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Fig. 9 2 , Adult C, analls. Photomicrograph,
T.S. of posterior end of recttim, showing 
.rectal papillae with rectal spines.

rec. pap, = rectal papilla 
,rec. sp. = rectal spine

Fig. 93. C, analis pupa (6 days old). Photomicrograph. 
L.S, of foregut-midgut junction, showing 
developing proventricular needles, and 
proventricular valves.

dev, ne, = developing-needles
Vdev,prov.v,= developing proventricular valve 

prol.c. = proliferating cells

A
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I’ig* 94. C, analis pupa (8 days old). Photomicrograph.
L.S. passing through anterior midgut and 
posterior midgut junction,

a.mg, =s anterior midgut
p.mg, = posterior midgut
yb = yellow bodies

Jig, 95» C, a^nalis pupa (7 days old). Photomicrograph,
Part of T,S, of anterior midgut, showing 
normal pupal midgut epithelium, regenerative 
cell and yellow bodies in the centre of the 
gut lumen.

pup.ep, = pupal epithelium ^
r,c. = regenerative cell
yb = yellow bodies

v/'-

A
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Fig, 9 6 . C. analis pupa (6 days old), Pliotomicrograph,
l.S, of midgu't-h.indgut junction,

= Malpighian tubule
o.Mt, = opening of the Malpighian tubule

. p.mg, = posterior midgut
prol.c,pyl, = proliferated cells (from the

posterior imaginal ring)in 
the pylorus

pyl = pylorus

y

Fig. 97. C. analis pupa (6 days old). Photomicrograph.
a, T.S, passing through the anterior end of the ileum;
b, T.S. passing through the anteriormost end of the 

colon just infront of the insertion of the 
Malpighian tubules into the cryptonephridial 
chamber,

h.s. = hollow space at the base of epithelial fold.

A
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J’ig. 98. C, analis pupa (6 days old). Photomicrograph, 
L.S, passing Through colon-rectiuD junction.

co.ep, = colon epithelium
= cryptonephridium

rec. ep. = rectal epithelitun

Pie. 99. C. analis pupa (8 days old). Photomicrograph.
L.S. of rectum, showing developing "rectal pad" 
and "rectal papilla” regions,

dev.rec.pap. = developing rectal papilla
dev.rec.pa, = developing rectal pad
dev.sp. = developing rectal spines X

A
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Pig, 100. C, analis pupa (1 day old). Photomicrograph, 
L.S, of foregut and foregut-midgut junction, 
showing histolysis of intima of the foregut 
and degeneration of the midgut epithelial cells

a.mg. 
deg.ep.

hist.int.

= anterior midgut
= degenerating 

epithelium
= histolysing 

intima

oe = oesophagus 
ph = pharynx 
prov = proventriculus

V

Fig, 101. C. analis pupa (2 days old). Photomicrograph.
i.S. of foregut-midgut junction, showing 
"intimal block".

air = anterior imaginal ring
a,mg, = anterior midgut
int,bl. = intimal block
prov = proventriculus

A
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Fig. 102, C, analis pupa (5 days old). Photomicrograph,
l.S. of foregut and foregut-midgut junction, 
showing "anterior plug" formed "by the proliferated 
cells from the anterior imaginal ring.

air = anterior imaginal 
ring

a.mg, = anterior midgut 
Pg»= anterior plug

dev,prov,v,=

06 =
yb

developing
proventricular
valve
oesophagus
yellow "body

V

Fig. 103. Early adult C, analis. Photomicrograph.
Part of T.S. of anterior midgut, showing 
developing crypt.

7

dev.cpt, = developing crypt
dt.n, = daughter nuclei from the regenerative

cells
yb = yellow bodies

A
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Fig. 1 0 4. G, g',nali._5 pupa (3 days old). Photomicrograph,
l.S. of midgut-hindgut jimction, showing two 
zones of proliferated cells (from the posterior 
imaginal ring) which formed the "posterior plug”

d.p.n.z.

l.c.z.

pir

densely packed 
nucleated z o n e

loose cellular 
zone
posterior 
imaginal ring

p.mg. = posterior midgut 
prol.c.:

pyl

proliferated 
cells

= pylorus

y

Pig. 105. C. analis pupa (4 days old). Photomicrograph, 
Part of L.S. of colon-rectum junction, showing 
a "septum" in the junction and cryptonephridia 
around the colon.

co,ep. = colon epithelium 
c m  = cryptonephridium 
rec.ep, = rectal epithelium 
sep = septum
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Fig. 106, C. analis pupa (6 days old). Photomicrograph.
X.S, of midgu't-hindgu't junction, showing the 
zone of daughter nuclei whi’cli make an addition 
to the Malpighian tubul'e. foKmation, and a stream 
of proliferated cells frqip the posterior imag;inal ring, 

• ■ *■
J  ■ .

Mt = Malpighian
tubulet.
<  ^  . par = posterior
Smaginal ring

sh.pr.^ shelf-like
prolongation

str,pa?ol,c, s,stream of
proliferated
cells

z.Mt, . = zone of daughter 
cells which make 
an addition to 
the Malpighian 
tubule formation

: '-'t

Pig, 107. C, analis pupa (6 days old). Photomicrograph,
I.S. of midgut-hindgut junction showing a 
prominent "posterior plug" formed by the 
proliferatei cells of the posterior imaginal 
ring, an^ "lielf-like prolongation" at the 
anterior end of the pylorus.

pir = posterior imaginal ring
P»Pg* = posterior plug
prol,c, = proliferated cells
sh,pr. = shelf-like prolongation
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I'ig, 108, C. analls pupa (6 days old), Photomicrograpli,
Part of L.S, of anterior midgut, showing 
<̂ iffei‘ent types of yellow bodies in the gut lumen,

a,mg. = anterior midgut
ylD.fl. = fluid medium of the gut lumen where 

the yellow bodies remain mixed up
yb,gr, = minute, grann\aar yellow bodies
yb.l, =: larger, nucleated yellow bodies
yb.s, = smaller, non-nucleated yellow bodies

P’ig, 109. analis pupa (7 days old). Photomicrograph.
L.S, of anterior midgut and posterior midgut,
showing mass of yellow bodies in the gut lumen,

a,mg = anterior midgut
p.mg, = posterior midgut 
yb = yellow bodies
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