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ABSTRACT

Chelonus rarayani Subba Rao is an egg-larval parasite of Heliothis armigera (Fabr.). The
parasite has been liberated in U.S.A. and Hawaii for the control of Lepidopterous pests. A
method for the mass-rearing of the parasite under laboratory conditions is described. A study
of the morphology of immature stages has been made and the tracheal system is described in
detail. The physiology of respiration and function of the anal vesicle is discussed.

IxTRODUCTION

Chelonus narayant Subba Rao (1955) is a braconid endoparasite of
potential importance because it parasitizes the gram caterpillar, Heliothis
armigera (Fabr.), in appreciable numbers. Although members of the genus
Chelonus have been recorded as parasites of lepidopterous pests by some of
the early Indian workers, most of the species remain unidentified and of none
‘has the biology and morphology been studied in detail.

Husain and Mathur (1923) bred Chelonus from larvae of Earias insulana
Boisd., Laphygmae exigua Hubner and Tarache sp. and from pupae of Phycita
infusella Meyrick; Chopra (1928) from Heliothis atmigera (Fabr.) and Pect:-
nophora gossypielle Saunders ; Ananthanarayanan and Rama Krishna Ayyar
(1937) from swarming caterpillar of paddy; Cherian and Basheer (1939) from
Noorda moringa Tams; Rahman (1941) from Scirpophaga nivelle F. and
Emmalocera depresselle Swinh., Glover (1939) recorded Chelonus cyclopora
Franz as a minor parasite of Eublemma amabilis Moore.

Detailed studies on the biology and morphology of immature stages of
Chelonus have been made by Vance (1932) and Malek (1947) (C. annulipes
Wesm. and C. sulcata Nees respectively). In this paper a detailed study of
the biology and morphology of Chelonus narayani Subba Rao is reported.

MATERIAL AND METHODS

To study the biology and morphology of the immature stages of the
parasite C. narayani, the adults were collected from the farm of the Indian
Agricultural Research Institute, New Delhi. The parasite was successfully
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mass-bred in the laboratorv on the alternate laboratory host, Corcyra cepha-
lonica Stainton.

The breeding of the parasite and the host was conducted at a constant
temperature of 27° (. and relative humidity of about 70 per cent. A new
technique was developed to breed the parasite, which is as follows :—

Mated females were confined in 6" 1-5” glass chimneys of which one
end was closed with a cork and the other end was covered with a piece of
fine muslin, Split moistened raisins were supplied as food. Fresh and
healthy Corcyra eggs pasted on a strip of card were supplied daily for ovi-
position. After 24 hours the parasitized eggs were removed to petri dishes
filled with crushed jowar and some yeast. The fully developed parasitic grub
emerged from the host after completing its development within the body of
the host and pupated within the host cocoon. The adults emerged in due
course.

For the study of the immature stages, parasitized host larvae were dis-
sected and the parasitic grubs were collected. Permanent mounts were
prepared for the study of mouth-parts. The tracheal system was studied in
lactochloral.

SEASONAL OCCURRENCE AND HABITS

In the field, (. narayani parasitizes the gram caterpillar, Heliothis armigera,
and the jowar stem-borer, Chilo zonellus Swin. In addition to these, it was
also observed to parasitize Laphygma spp. During the winter of 1953 the
parasites were available in large numbers in gram fields, but in the next year
their occurrence was not noticed. This was perhaps due to the low incidence
of the gram pests as compared to the previous year, and, secondly, the winter
was less severe. These field observations indicate that the parasites occur
only during severe winter months and at a high levcl of host incidence. How-
ever, the parasites were collected in 1954 from jowar stem-borer during the
month of May.

A. MORPHOLOGY -OF IMMATURE NSTAGES

The egg (Text-tig. 1, Figs. 1, 2).—The egg of (. narayani deposited inside
the egg of C. cephalonica is cylindrical, arcuate, translucent white in colour
and smooth. There are no external processes or sculptures. It is slightly
narrower at the caudal end. As the embryo develops the egg becomes dis-
tended (Fig. 2) and appears more or less kidney-shaped. It measures 0:18 mm.
in length and 0-04 mm at the greatest breadth.

The larva (Text-fig. 2, Fig. 1).—

(a) The first instar larva. The newly hatched larva (Fig. 1) is found
within the egg of Corcyra. It has a translucent white body and eight more
or less distinet segments, besides the head and the last segment which is
drawn into an elongate tail (aap). The tail represents in reality a fusion of
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a number of abdominal segments. The head is bigger in size and.strongly
chitinized compared to the other body segments. The newly hatched larva

measures about 0-18 mm in length.

Texr-Fic. ]

The head (Fig. 3) bears a pair of protuberances, one on either side,
representing. the larval antennae («). The labruni (/m) is a small translucent
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flap. A pair of sickle-shaped mandibles (md) is present pointing towards
each other. Each mandible (Fig. 4) is thick at the base and tapers down to
a very fine sharp point at its apex and measures 0-03 mm in length. On
both sides of the labrum small pin-head protuberances represent the labral pro-
cesses (Ibrp), which when observed under the oil immersion objective appear
to be bi-fid at their apices. On either side of the head below the mandibles
three small sensorial setae are present.

(b) The second instar larva (Text-fig. 2). The second instar larva (Fig. 5)
differs considerably from the previous stage and can easily be recognized by
its increased number of body segments and also by the presence of the anal
vesicle. It has three thoracic, nine abdominal and one anal vesicular seg-
ment besides the head. Immediately after changing over to the second
instar, the larva measures 1-75 mm in length and 0-2 mm in breadth at the
second abdominal segment. But during the further growth and development
of this instar there is a considerable increase in length and breadth. In the
case of larva of 29 days old the measurements are 0-70 mm in length and
0-98 mm. in breadth at the second abdominal segment. The anal vesicle is
slightly wider, its breadth being 1-25 mm.

The head (k) is strong, bulky and is easily mistaken for a body segment,
but can be distinguished from the latter by the presence of a very large brain
(Fig. 6, br) which is clearly visible through the translucent skin. The man-
dibles (Fig. 8) are present and each measures about 0-03 mm in length. The
rest of the mouth-parts are similar to those in the previous instar, but mandibles
are smaller in size and somewhat fleshy.

The alimentary canal (Fig. 6, ac) is a long tube originating from the
mouth and extending posteriorly to the last abdominal segment. It is
divisible into fore-gut (f.gt) and mid-gut (m.gt). The fore-gut extends to the
first thoracic segment. The middle portion, a wide cylindrical tube, represents
the mid-gut, floating in the body cavity of the larva.

The nervous system (Fig. 6) consists of a big brain (br), sub-oesophageal
ganglion (s.ces.gng) and the ventral nerve cord. The nerve chain consists of
twelve nerve ganglia, each ganglion situated in each segment of the body
except the anal vesicle.

The heart (¥ig. 6, ht) consists of a long narrow tube almost floating in
the body cavity. It extends from behind the brain to the ninth abdominal
segment beyond which it is a sac-like structure floating in the anal vesicle.
The blood flows from posterior region to the anterior.

The anal vesicle (Fig. 6, av) which originates from the last abdominal
segment is a large distended balloon-like structure. The inner cavity of the
anal vesicle is filled with the body fluid. The wall of the vesicle is made of
columnar cells.
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The tracheal system (Text-fig. 3, Fig. 13) consists of two lateral tracheal
trunks (l.tra.tr), each running from the anterior to the posterior part of the
body at its side. From each trunk a large number of dorsal and ventral
tracheae arise. The spiracles are closed.

(c) The third instar larva (Text-fig. 2). After issuing from the host, the
third and the last instar larva (Fig. 10) is eylindrical and curved. It measures
7-56 mm in length and 1-54 mm in breadth when measured on fourth and
fifth abdominal segments. There are thirteen body segments as in the previous
instar but the anal vesicle is absent. The dorsal hump and the pleural swell-
ings are present on the first eight abdominal segments. The skin of the
larva is rough and bears a number of sensorial setae and blunt spicules.

The head (h), which is distinet from the rest of the body segments, is
large in size, globular in shape and stronger than the rest of the body seg-
nients. The antennae (Fig. 11, a) are represented by small protuberances.

The mouth-parts (Fig. 11) are well supported within the buccal cavity
{bc) by two strongly developed arches of the facial rods. One of the two
arches, the upper stomal arch, consists of two rods called hypostoma (hy)
and pleurostoma (pl). The central epistoma is absent and thus the arch is
incomplete. The pleurostoma articulates with the mandibles (md) by the
internal process, the infra pleural ramus (¢pr). The supra pleural ramus (spr)
extends upwards as a thin process. The second arch, the inverted basal
stomal arch, consists of several rods that support the labium and maxillae
from below and sides. The centrally situated arch is the labial-stipital
sclerome (las), and it is supported on each side by the maxillary sclerome
(mas). The maxillary sclerome and the hypostoma are connected by the
stipital sclerome (sts).

The labrum (Im) is faintly marked and bears three sensorial setae (se)
and two sensorial papillae on each side of the head. The mandibles (md)
are strongly developed and bear eighteen saw-like teeth (Fig. 13) and end
in a sharp-pointed apex. It measures 0-16 mm in length from base to apex,
Each maxilla (Fig. 11, mas) is divided into an anterior stipes (st) and a
posterior cardo (ca) by the stipital sclerome. The stipes on each side bear
two sensorial setae and a two-segmented palpus (mpa). The cardo bears a
transverse row of sensorial setae. The labium (I) forms the bottom of the
buccal cavity and towards the anterior surface of it opens exteriorly the
common silk duct (slk.do), while towards the posterior surface it bears sen-
sorial setae along with a three-segmented lavial palpus (lpa). The labiobase
bears a large number of setae and spicules. Each antenna is partially covered
by a semicircle of six sensorial setae. Again, a transverse row of five sensorial
setae lies above the hypostoma,

The alimentary canal (Fig. 10) fills almost the entire body cavity. The
aggregates of fat-bodies (fc) are visible through the larval skin as yellowish

3
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white specks which are irregularly distributed throughout the body cavity.
However, they are absent in the thoracic and last abdominal segments.

The tracheal system (Text-fig. 3, Figs. 14, 15, 16) is well developed and
consists of two lateral tracheal trunks and seven pairs of open spiracles: one
on the second thoracic and six on the first six abdominal segments. How-
ever, there is also a closed spiracular stalk present in the third thoracic seg-
ment in the form of a stub.

Each lateral tracheal trunk proceeds towards the head and divides behind
the brain. One branch crosses the central nerve cord and meets its fellow on
the other side, thus forming the anterior commissure (a.comm). The second
branch proceeds into the head and ultimately subdivides into two (Fig. 16).
One branch again runs into the ventral part'of the head and another branch
runs into the dorsal part of the head. A few sub-branches also arise from the
main head tracheae.

Each lateral tracheal trunk ends in the eighth abdominal segment and
sends out two tracheal branches. Omne branch forms half of the posterior
commissure of its side and the second branch runs posteriorly into the ninth
and anal segment,

In the first thoracic segment, just behind the brain, a ventral trachea
originates and runs towards the ventrum. At the base of the first spiracle,
a dorsal trachea originates from the lateral tracheal trunk and runs dorsally.
It gives out sub-branches which spread into the first and second thoracic
segments. A little posterior to the spiracular trachea a ventrat trachea
originates and it runs dorsally and branches off into two. One branch runs
dorsally and the other branch takes a back curve, crosses the lateral longi-
tudinal trunk internally and runs towards the ventrum. From the lateral
tracheal trunk in the posterior part of the second thoracic segment, again, a
ventral trachea originates and it runs towards the ventrum. In the third
thoracic segment the same picture of tracheal distribution is exhibited.

In each of the first eight abdominal segments dorsal and ventral tracheae
are given out from the lateral tracheal trunks. The dorsal tracheae run
dorsally and branch in their respective segments. Similarly, the ventral
tracheae run ventrally but subdivide into anterior (a.br) and posterior (p.br)
branches. The posterior branch forms the ventral commissures (v.comm)
and there are in all eight such ventral commissures in the abdomen. They
are absent in the first and the ninth abdominal segments.

The external opening of the spiracle (Fig. 17) is bordered at the surface
by a peritreme (ptr) and internally connected with the lateral longitudinal
trunk by an atrial cup (atr) and a spiracular trachea (sptra). In the middle
of the spiracular trachea there is a valve (vlv).
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B. BI1oLoGY OF THE PARASITE
Oviposition

Soon after emergence the female becomes very active and, if supplied
with suitable host eggs, starts ovipositing even without the act of mating.
Host eggs 20 to 30 hours old are preferred to freshly laid ones for oviposition.
The female stands over the host eggs (Text-fig. 1, Fig. 8) with her body quite
motionless and antennae held straight out. The concealed, curved ovi-
positor is drawn out and the host egg is pierced by it quickly to deposit an
egg inside the host egg but outside the embryo. The act of oviposition
hardly takes 6 to 12 seconds. The frequency and duration of oviposition
was studied and it was observed that the female continues to lay eggs through-
out her life except for one or two days prior to death. The unmated females
lay more eggs than the mated during the course of their life. The data col-
lected show that the mated females laid on an average 275 eggs while the un-
mated laid on an average 501. However, under field conditions the females
are perhaps capable of laying a larger number of eggs because dissections of
the ovaries of (. narayant always showed them to contain more than 500 eggs,
most of the eggs being mature and ready to be oviposited. Superparasitism
was observed, with a maximum of three parasite eggs in a single host egg,
but only one parasite developed to the adult stage. The hatching of the
parasite egg within that of the host takes place within a period of 10 to 15
hours.

Larval development

It must be mentioned in the beginning that a considerable variation
occurs in the duration of the developmental stages. The parasite passes
through three different larval instars. The first larval instar is characterized
by a reduced number of segments of the body up to eight, which later on
increases to thirteen excluding the head.

The first instar larva just after hatching enters into the fully developed
host larva still inside the latter’s egg. It is very interesting to note that the
newly hatched parasitic larva waits for the complete development of the host
embryo and bores into the host larva just prior to its hatching out. This
stage was generally collected from the eighth abdominal segment of the host
where it floats in the host body fluid. The full number of the body segments
appear after the moult of this stage and it is characterized by the anal vesicle.
The second instar larva has the same mode of life as that of the first instar
larva and feeds on the host body fluid, but later on it feeds voraciously on the
host fat-bodies also. The last stage larva punctures a hole in the integument of
the host and pushes itself to the exterior. Soon after coming out of the host
it starts spinning a cocoon. The duration of each of the three stages from
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the date of oviposition was observed as follows: first stage with anal appendage,
1-3 days; first stage without anal appendage, 4-15 days; second stage, feeding
on host fluid, 11-30 days; second stage, feeding on the host fat-bodies,
18-37 days.

Emergence of the last stage larva

The host larva rests inside the newly spun cocoon and the second stage
parasite larva is seen feeding. Soon after it moults into last stage, it
cuts a hole in the host integument and pushes its head and thoracic segments
and starts squirming at the point of exit. In about 10-12 hours it completely
extricates its body segments. The observations show that it comes out of
the dorsal side of the host, but the exit point largely depends upon the corre-
lation between the body length of the parasite larva and that of the host
larva. Usually it is somewhere on the first two abdominal segments.

Construction of the cocoon

The last stage larva, while spinning the cocoon, moves its head from one
side to other and up and down. The first few silken threads are attached to
the inner surface of the host cocoon. The larva, if disturbed during the
spinning of the cocoon, cannot complete it further and a bundle of silk thread
is formed on the larval head. The cocoon is completed within about 36 hours.

The cocoon (Text-fig. 2, Figs. 5, 6) is silver white in colour. It is cylin-
drical, roughly oval but flattened in shape. It is loosely spun exteriorly but
more tightly woven towards the interior and is attached by a few threads
to the inner wall of the host cocoon. It measures about 7-50 mm in length
and about 3-00 mm at the broadest point.

The pupa

The pupal development is characteristic of Hymenopterous parasites.
After the completion of the cocoon the last stage larva expels the meconium
on the inner wall of the cocoon. The pupal period noted from defecation to
the emergence of the adult is about 10 days.

The pupa is exarate, short and robust in appearance. Its earlier pale
yellow colour gradually changes to dark brown by degrees day by day. Except
the wings that are smoky and abdomen which is testaceous in colour, all
other parts become almost black. The pupa measures 4-4 mm in length and
about 2-3 mm in width at the broadest region of the pupa.

Emergence of the adult

As soon as it is ready to emerge out of the cocoon, the adult moves its
mandibles actively with forward jerks and the wall of the cocoon is torn
irregularly, so that a little space is available for the head to come out. The
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active movements of the legs and antennae start and the head is first pushed
out. Then legs and abdomen follow. This takes about 30 to 60 minutes.

Mating and mode of reproduction

Males and females when kept together in a glass chimney, even in bright
light, do not mate readily. The progeny obtained from unfertilized females
consists entirely of males, but that of mated females consists of both males
and females. Thus there is an arrhenotokous type of parthenogenesis.

Effect of parasite on host

The Corcyra eggs parasitized by Chelonus cannot be distinguished from
healthy eggs by any external character. The host larvae hatch normally and
there is no distinguishing character between the parasitized larvae and non-
parasitized larvae for the first fortnight. Afterwards, the parasitized larvae
become sluggish, pale yellow and emaciated.

Discussion

In C. narayani the epistoma is absent. This is due to the fact that
internal feeders feed upon liquid food and can function well even with fleshy
mouth-parts. Similar to most of the internal feeders, the larvae of C. narayani
have brownish slender sickle-like mandibles.

In C. narayant a pair of very short malpighian tubules exists. It is due
to the fact that the endoparasites feed on body fluid and fat globules of the
host during the major period of their life-cycle within the host. The excretory
products are not thrown out due to the danger of contamination of the host
blood. The silk glands are well developed and extend to the eighth abdom-
inal segment.

The tracheal system is absent during the first instar but appears in the
latter part of the second instar. Willard (1920) in Opius and Crossman (1922)
in Apanteles observed the same. In internal parasites oxygen is supplied
through the dissolved oxygen in the body fluid on which the larva feeds.
The tracheal system only appears during the latter part of the second instar,
when the parasite starts feeding on vital organs of the host and needs more
oxygen for respiration.

A good deal of discussion has taken place on the exact function of the
anal vesicle in endo-parasites. Thorpe (1932) used a biological indicator to
detect the oxygen absorption capacity of anal vesicle and concluded that the
anal vesicle has no importance in respiration as it supplied only a third of
the oxygen required by the parasite. Seurat (1899) did not find any tracheae
inside the vesicle and so its respiration (absorption of oxygen through vesicle
wall) is rather doubtful. The present studies on C. narayani are in complete
agreement with the above findings. Further, Gatenby (1919) pointed out
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that certain observers have considered that as the very young larva has no
vesicle, the latter cannot be respiratory, for, they consider, if it were respiratory
it would be necessarily present in the earlier instar also. The columnar
cells of the integument facilitate the diffusion of carbon dioxide evolved
during the metabolic activities of the larval body into the exterior and it
also functions as a buoy to float the parasitic grub within the host body.

The mating is of the normal type but not a necessity for oviposition.
As regards the progeny obtained from non-fertilized females, Vickery (1929)
and Vance (1932) pointed out that the progeny of such females are all males
in C. annulipes and in C. texanus respectively. But Malek (1947) found that
non-fertilized females of C. sulcata reproduced female after female, and
moreover it was repeated generation after generation. The results obtained
in the present investigations revealed that the progeny of the unmated females
consisted of only males, but in the case of mated females the progeny consisted
of both males and females. Vance (1932) has pointed out that normal copu-
lation sometimes results in non-fertilization. Sometimes it was observed that
from apparently mated females only male offspring arose. Tn cases like this
we can only suppose that although the mating was successful, transmission
of sperm did not take place. However, it is certain that arrhenotokous type
of parthenogensis exists in such species.

Neither the pre-oviposition period nor mating is essential for oviposition in
C. narayani. This is due to the fact that a large number of mature eggs are
present in the ovaries of the newly emerged females. Some of the females
did not mate even in the company of males for three to four days. Vance
(1932) observed in C. annulipes Wesm. that many attempts to secure mating
resulted in failure. This shows that mating is not an essential phenomenon
for oviposition. It must be emphasized, however, that unmated females
produced only males and, for the perpetuation of the species and the race,
mating is essential.

The time taken for the deposition of an egg in the host egg varies consi-
derably in different species of Chelonus. Pierce and Holloway (1912) have
noted this period to be less than a minute in C. fexanus. But Luginbill’s
(1928) observation differs from this in case of the same species and he finds
that it varied from a few seconds to half a minute. The minimum of four
seconds has been recorded by Vickery (1929) in C. sericus Say. But
C. annulipes Wesm. requires 15 to 30 seconds according to Vance (1932) and
C. sulcata Nees about 10 to 25 seconds according to Malek (1947). The female
of C. narayani takes 6 to 15 seconds for the deposition of an egg. Further,
Malek pointed out that in C. sulcata the age of the host does not influence the
choice of the female in her selection for oviposition. If this observation is
true, there is no need for the female to move all over the egg-sheet and select
the desired egg. But in C. narayani it is observed that the female gently



80 E. S. NARAYANAN, B. R. SUBBA RAO & K, R. THAKERE: THE BIOLOGY

taps and examines with her antennae all the eggs that she encounters and then
from amongst them she selects only one for oviposition. If such an egg is
covered by other eggs, she will rightly oviposit into the selected egg and will
avoid the neighbouring eggs. It is seen that the female Chelonus accepts
Corcyra eggs of 20 to 30 hours old. Freshly laid eggs were totally rejected.
As already observed, after hatching the Chelonus larva patiently waits for
the host larva to be fully formed. 1t is only then, just prior to the emergence
of the host larva, that the parasite larva bores into the host with its powerful
mandibles. This explains why females select host eggs of advanced age.

How parasite larvae pass their life within the body of the host was seen
during the several dissections carried out in the course of the studies. It is
found that in C. narayant the larva in its early second instar feeds on host
body fluid and floats in it. This is confirmed by the transparency of the
internal body organs through the larval skin, but in the later part of this
instar they start feeding on the fat-bodies and finally devour all the internal
organs prior to their emergence out of the host. The gut of the grub contains
a large number of undigested fat-bodies and pieces of other organs.

Vickery (19'29) noted that C. texanus requires 153 days for larval develop-
ment till it spins a cocoon. In case of C. annulipes Vance (1932) noted that
it requires 20 days for the same, while Malek (1947) gives a total of 23 days
in case of C. sulcata. These workers have nowhere in their papers mentioned
whether the period given by them for each stage is the average of their readings
or whether all the larvae in their observations have given them the same
results. In C. narayani there is a great variation in the duration of each
stage and the maximum period required from the time of oviposition to the
emergence of the fully developed parasitic grub was 38 days. The minimum
period was 20 days.

SUMMARY

1. The braconid, Ckelonus narayani Subba Rao, has been observed as a
parasite of the gram caterpillar, #eliothia armigera (Fabr.), and the jowar stem-
borer Chilo zonellus Swin. at Delhi during 1953-54.

2. A method for the breeding of this parasite on the alternate host,
Corcyra cephalonica St., on a small scale, is given. ‘

3. Detailed observations on the biology of the parasite are made and
various points discussed.

4. A study of the morphology of immature stages has been made and
the anatomy of various systems is discussed. The tracheal system is studied
in great detail.

5. The physiology of respiration and function of the anal vesicle is
discussed.
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ExPrLANATION OF TEXT-FIGURES
TEXT-FIG. 1,

Ficure 1. Eggs of Chelonus narayani Subba Rao just after oviposition.
2. The same before hatching.

3. Chelonus narayani Subba Rao ¢ .

4. Chelonus narayani Subba Rao d'.

5. Cocoon of C. naragyani within its host cocoon.

6. Cocoon of C. narayani taken out of its host cocoon.,

7. Pupa of Chelonus narayani.

8. Chelonus narayani in the act of oviposition.

TEXT-F1G. 2. Chelonus narayani Subba Rao, immature stages.

Ficure 1. Early first instar larva.
2. Late first instar larva.
3. Mouth-parts of the late first instar larva.
4. Mandible of the late first instar larva.
5. Early second instar larva.
6. Early second instar larva, anatomy.
7. Late second instar larva.
8. Mandihle of second instar larva.
9. Anal vesicle of second instar larva.
10. Final instar larva.
11. The head, mouth parts and setal arrangement of final instar larva.
12. Mandible of the final instar larva.

TEXT-FIG. 3. Chelonus narayani Subba Rao, tracheal system,

Firoure 13. The tracheal system of late second instar larva.
14. Ventral view of the tracheal system of final instar,
15, Lateral view of the tracheal system of final instar.
16, The tracheal arrangement in the head and thorax,
17. Spiracle of the final instar, =
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EXPLANATION TO ABBREVIATIONS

a—antenna; aap—tail; ab—anterior branch; ac—alimentary canal; a.comm-——anterior
commissure; air—atrial cup; gv—anal vesicle; bc—buccal cavity; br—brain; bm—basement
membrane; ca—cardo; cui—cuticle; epd—epidermis; f.gt—fore-gut; h—head; ht—heart; hy—
hypostoma; ¢pr—infra pleural ramus; l—labium; Im—Ilabrum; Ipe—Iabial palpus; las—Ilabial
stipital scleroms; lbrp—Ilabral process; l.ira.tr—lateral tracheal trunk; mas—maxillary sclerome;
mpa—maxillary palpus; md—mendible; mr--maxilla; m.gi—mid-gut; pl—pleurostoma; p.br—
posterior branch; pir—peritreme; p.comm—posterior commissure; se—seta; sts—stipital
sclerome; slk—silk gland; slk.do—silk duct; spr—supra pleural ramus; sptra—spiracular trachea;
8.0es.gng—sub-oesophageal ganglion; vlv—valve; v.comm—ventral commissure,



