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Abstract. The development of the tracheal supply to the larval wing pad of
Oncopeltus fasciatus is described. The formation of lacunae is also described and
it is shown that their development precedes the growth of the associated tracheal
supply. Tracheae from anterior and posterior ends of the wing pad enter the
lacunae in second instar, The pattern of adult wing tracheation is well established
in the third instar. Where the Sub-costa, Radius and Medius arise from Costoradial trunk, the Cubitus, the first and the second anal tracheae arise from the
Cubito-anal trunk. Both groups are connected by a basal transverse connection.
Keywords. Oncopeltus fasciatus ; tracheae ; lacunae ; larval instar ; wing development.

1. Introduction
Since the beginning of this century several papers have been published on the
histology of insect wing development. While much of the investigation has been
confined to Endopterygota (powell 1904 ; 1905 ; Marshall 1913 ; Kohler 1932 ;
Kuntze 1935; Behrends 1935; Hundertmark 1935; Waddington 1941). Only
a small body of literature exists on the wing development of Exopterygotes (Tower
1903 ; Sulc 1911 ; Beck 1920; Holdsworth 1940, 1942). Despite the number of
works on the histology of wing development, differences of opinion still exist
regarding the development of the lacunae, the tracheae and the relations between
the two.
In order to investigate the differentiation and the growth of wing epithelia and
to ascertain the relationship between the development of lacunae (blood space)
and tracheae, a detailed histological study of the large milk-weed bug, Oncopeltus
fasciatus (Dallas) has been undertaken.

609

610

Mallela Nivedita

2. Material and methods
A stock culture of Oncopeltus fasciatus at 24-28° C was maintained in plastic
containers, on a diet of decorticated sunflower seed and water.
Larval instars of various ages were removed from the cultures and part of thorax
and attached wing buds were extirpated and fixed in Bouin's fixative for 18 hrs
and dehydrated in ascending ethanol series up to 70%, followed by dioxan (2
changes), and subsequently embedded in paraffin wax. Serial sections 6.um thick
were stained in Mallory's connective tissue stain (Hughesdon's "modification) and
some in Phosphotungstic haematoxylin (Mallory's). Both of these techniques
were found to be good for obtaining full histological details of the developing
wings of O. fasciatus. The staining times in these solutions were subject to variation, depending on the age of the insect.
The study of earlier stages was made by reconstructions from the serial sections
as described by Holdsworth (1942).
3. Results

3.1. Mesothoracic wing
3 . I a. First instar: Histological study of the thoracic segments of newly
hatched first instars (figure 1) reveals the presence of wing pads, that appear like
minute flanges, measuring 90--100 p,m in length on either side of the thoracic
segments. Each rudiment appears as a hollow, flattened outgrowth of the body
wall and consists of an outer cuticle; and an inner layer of epidermal cells bounded
by a thin, non-cellular basement membrane.
The first instar wing pads are supplied by a single trachea arising from the longitudinal tracheal trunk towards the anterior side of each thoracic segment (figure 9A).
It enters the base of the wing pad anteriorly and runs posteriorly terminating between the thorax and the base of the wing disc, measuring 4Q-SOJlm in length and
l-l'SJlID in diameter.
2-4 days after eclosion, the wing pads show a constant gradual growth in their
size. As the larva grows, the epidermis detaches itself from the cuticle, the cells
elongate, arid their ends meet those of the opposite surface (figure 3a, b). A
small intercellular space appears in the anterior region of the wing pad, just in
front of the trachea, that enters the base of the wing pad and runs across (figure
3b). This trachea is probably the future Costo-radial trunk.
Prior to the first ecdysis, the new cuticle is"thrown into folds. The epidermal
cells become unilaminar in arrangement again, but the fully formed pharate
second instar wing pad is still enclosed in the old cuticle. Though there is single
trachea throughout the first instar, in the late pharate second instar, another
branch (35-40 /lm long and 1-1' S Jlm in diameter) has been observed to grow
out from the longitudinal tracheal trunk near the posterior margin of the mesothoracic segment (figure 9B) and enters the wing rudiment posteriorly. The two
tracheal branches, now lying in the wing pad, grow towards each other.
3.1 b. Second instar : In the newly moulted second instar, the wing pads
on each thoracic segment double in size. 120-130 pm long. In the fully grown
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Figures 1. la. 1, Section through the mesothoracic wing pad of the newly formed
instar X 450. 1a. Wing pad at higher magnification X 1800.
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Figure 2. Section through the mesothoracic wing pad of II instar x 450.

Figure 3. (,fee captions in p. 614)
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Figures 3-8. 3a. Section through the developing wing pad of I instar showing the
detachment of the cuticle, elongation of epidermal cells, meeting those of opposite
surface x 900. Camera Lucida drawings of : 3b. Section through 'the developing
wing pad of I instar, showing the detachment of cuticle. 4. Section through
the IT instar wing pad showing the formation of middle membrane. 5. Section
through the IT instar wing pad after 40 hrs showing mitotic division in epidermal
cells. 6. Section through the newly moulted In instar wmg pad showing the
presence of lacunae. 7. Section through the ill instar at 80 hrs after moulting
showing five lacunae with their individual tracheae. 8. Section through the IV
instar wing pad showing prominent lacunae enclosing tracheae.
Abbreviations: bm: basement membrane; cp : cytoplasmic process; cut:cuticle;ep:
epidermis; exsp : exuvial space; gl : gland cell; icsp: intercellur space; lac: lacuna;
mac; macrotrichea ; mfl: moulting fluid; mit : mitotic division; rom: middle
membrane; n ; nucleus; 0 ; oenocyte ; t ; trachea ; tl :tracheole ; wr: wing pad.

second instars, these wing rudiments look like swollen dark areas on the dorsolateral regions of the thoracic segments (figure 2). The epidermis consists of a
single layer of cells ostensibly syncitial in nature. The basement membranes of
apposed layers have come close together and a middle membrane has formed
but lacunae have not yet developed near the membrane nor are tracheae associated with it. A small space is observed interiorly at the base ofthe wing pad,
just in front of the middle membrane, indicating the beginning of the first formed
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Figure 9. Schematic diagram to illustrate course of tracheae in developing mesothoracic wings from first to third larval instal's.
Abbreviations; A. First instar ; B. Late pharate second instal.' ; C. Newly moulted
second instal.'; D. 40 hour; second instal.'. E. 72 hour second instal.' ; F. Pharate
third instar ; G. Newly moulted third instal.' : atr: anterior trachea; c-r: Costeradial ;'Cu :. Cubital; Cu-a : Cubito- anal; M: Medial; ptr : posterior trachea;
R: Radial. R + M :. radio-medial; Sc : Sub-costa; tbt : transverse basal; t~ :
mesothorax ; tl : tracheoles , wr : wing rudiment.
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lacuna (figure 4, icsf/). The two tracheae which appeared at the end of the first
instar enter from opposite directions of the wing pad, and run across the base.
The anterior trachea, a large branch, now measuring 60 J1.m in length and 3-4 J1.m
in diameter is the Costo-radial trunk. The posterior branch, regarded as the
Cubito-anal trunk, now measures 40 J1.m in length and L:5-2 J1.m in diameter.
They have grown very close together and are almost in contact, but a transverse basal connection has not yet developed between them. From the Costoradial trunk, a small branch is seen growing towards the wing pad for the first
time (figure 9C). It is only 6-10 J1.m in length at this stage.
The wing pads grow in size (180 J1.m long) and 40 hrs after the first ecdysis,
the cells increase in number and the unilaminar arrangement is lost (figure 5).
The position of the tracheae is the same as that of the early second instar, and
the newly grown branch of the Costo-radial trunk shows a little further extension
(figure 9D). At a distance of 181lm from its origin from the Costo-radial trunk,
this branch penetrates the wing pad for a further 12-18Ilm. It is the first branch
to enter the wing pad epithelium and grows into the space at the base of the wing
pad which is formed earlier. 72 hrs after ecdysis, this branch penetrates the wing
pad epithelium to a depth of about 421lm and then bifurcates. Each branch is
24/lID in length (figure 9E). Just in front of this main branch, a further fine
branch has grown from the Costo-radial trunk to form the most anterior tracheal
branch of the wing pad, the Sub-costal trachea. The anterior bifurcation of the
next branch (i.e., the first to enter the wing pad) is the Radius, and the posterior
bifurcation is the Media. The Costo-radial and Cubito-anal trunks have now
grown very near to each other (figure 9E).
Prior to the second ecdysis, the Sub-costal, Radial and Medial tracheae show
increased growth inside the wing pad. By the coalescence of the trunks, the
transverse basal trachea has also been established completely and a separate
Cubital trachea has started to grow from the Cubito-anal trunk (figure 9F).
The growth of the metathoracic expansions is rather slow during the second
instar and the inner surfaces of the two layers of the wing pad have not fused.
3 . l.c Third-instar : The wing pads of newly moulted third instar larvae show
that the wing membranes of both the surfaces have come to lie very close together
and a fused middle membrane is formed by the apposed basement membranes
(figure 6). The cuticle covering the wing pad is at first very delicate. The
epidermal cells are tall, conical, with oval nuclei, usually towards the base of each
cell. The pointed apices of some epidermal cells meet at the middle membrane,
while those of others are curved to associate with the ends of neighbouring cells,
and leave an intercellular space. Some of these intercellular spaces merge to
form lacunae, for the haemolymph. In the newly moulted third instar such spaces
even extend up to the tip of wing pad (figure 6). Five prominent lacunae were
found in the middle of the wing pad, prior to the appearance of trachea in them.
The tracheae at this stage are still very short and confined to a small region at
the base of the wing pad.
At this stage the framework of adult tracheation has also been established.
The Sub-costa enters the wing pad, just beneath the humeral angle. It is about
120/lID long and bundles of tracheoles arise from it to supply the tip of the wing
pad. These tracheoles are not visible in some sections, but in others they are
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very clear. The Radius and the Media run inside the second and third lacunae
respectively for a distance of 120-130fJ.m and give rise to bundles of tracheoles
to supply the tip of the wing pad. The anteriormost branch of the Cubito-anal
trunk the Cubital trachea, is 6-10 fJ.m long and enters the fourth lacuna of the
wing pad (figure 9G). It also gives off bundles of tracheoles. Towards the
tip of Cubito-anal trunk, two separate bundles of tracheoles grow out and enter
the remaining lacuna to indicate the future growth of the first and second anal
tracheae.
By 70 hrs after the second ecdysis the lacunae are very prominent. The anteriormost four tracheae, the Sub-costa, Radius, Media and Cubitus have now extended towards the tip of wing pad, only 40-50 tCID away from the apex. The fifth
trachea (the first anal trachea) runs parallel to the base.
By 80 hrs after the second ecdysis, the epidermis has reached its maxium thickness (20 fJ.ffi). Proliferative cell division is still in progress, though it is now
about to decline in intensity (figure 7). Though they are very much crowded
together to a thickness of several layers, each nucleus is associated with a taillike process that runs towards the basement membrane. All the five lacunae
(Sub-costa, Radius, Medius, Cubitus and 1st Anal) contain their individual
tracheae which run up to the tip of the wing pad (figure 9G).
3.ld. Fourth instar : In the fourth instar, the cuticle covering the wing pad
is very thin and delicate. The epidermis of the wing pad is thin, consisting of a
single layer of cells. The basement membranes of the apposed layers remain
close together as a middle membrane, except around the lacunae (figure 8).
The five prominent tracheae running throughout the length of the wing pad grow
to about 150 J1.ffi from the tip. Now there is also a well established sixth lacuna
which runs parallel to the base of the wing pad and is occupied by a second anal
trachea. It is fully grown in the late fourth-instar, All six lacunae correspond
in arrangement with the veins of the adult wings, which will be formed later
by differential sclerotisation of the integument adjacent to the lacuna. By this
time, the basic pattern of adult venation and tracheation have been established
completely. Groups of tracheoles arise from each nodal point in order to supply
air to every part of the wing pad.
Except for their diameter and length, the pattern of tracheation is same in the
fifth instar wing pads and in newly moulted adult wings (figures 11, 13).
3 .2. M etathoracic wing

The essential features of the tracheal growth in a developing metathoracic wing
are identical to those of a mesothoracic wing (figure 10). The rudiments of
both anterior and posterior trachea arise at the end of 1st instar, which penetrate into the anterior Costo-radial trunk and a posterior Cubito-anal trunk.
During the second instar a transverse basal connection is established between
them, and a branch each from the Costo-radial and Cubito-anal tracheae penetrate the wing pad epithelium (figures lOD, E). A lacuna develops prior to the
second ecdysis. During the third instar stage, the wing pad development records
a rapid growth. The tracheal branching is fully established. Six lacunae develop
and the tracheal branching penetrates these lacunae. In the fourth instar stage,
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Figure 10. Schematic diagram to illustrate COurse of tracheae in developing metathoracic wings from first to fourth larval instars,
Abbreviations: A : first instar ; B: Late pharate second instar. C. : Newly moulted
second instar ; D : Late Pharate third instar ; E : Newly moulted third instar ; F1F2 :
Pharate fourth instar ; G: Newly moulted fourth instar, ; lA, 2A : anal tracheae; atr :
anterior trachea; C-r : Costa-radial; Cu: cubital; Cu A: Cubito-anal ; M:
Medial; ptr: posterior tracheae; R: Radial; R + M: Radio medial; Sc: Subcostal ; tbt: transverse basal; th~ : meta thorax ; wr : wing rudiment,
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the two tracheal trunks are joined by the transverse basal connection. The
tracheal ramifications are complete and the entire tracheal system assumes the
framework of an adult wing. In the fifth instar, the basic pattern is the same
as that of the fourth instar, except an increase in the length of trachea and in
the number of tracheoles (figures 12, 14).

4. Discussion
It is established that the lacunar system corresponds to the venational system. But
opinions differ regarding the developmental relationship of the lacuna and the
trachea. Marshall (1913) while studying Platyphylax designatus (Tricheoptera)
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Figures 11-12. 11. Tracheation of right fore wing pad of fourth instar larva of
Oncopeltus (including basal connection). 12. Tracheation of right hind wing pad
9f fourth-instar larva,
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Figures 13-14. 13. Tracheation of fifth instar fore wing pad (including basal
connections). 14. Tracheation of hind wing pad of fifth instar larva of Oncopeltus
including basal connection.
The sub-costa is a very small trachea.
Abbreviations: l A, 2A: anal; erg: Costo-radlal ; Cu: Cubital; Cuag: en bito-anal;
R : Medial; R + M ; Radio-medial ; Sc ; Sub-costal ;t 1; tracheoles ; tht ; transverse
basal.

stated that the lacunae develop in the wing pad of the last larval stage and that
the tracheae do not enter until the wing is averted at pupation. Hundertmark
(1935), while dealing with the histology of Tenebrio molitor wings, reported that
the tracheae grow into the newly everted wing disc and later the lacunae are
formed about them. Kuntze (1935) in his studies of Philosamia cynthia (Lep.)
observed the formation of the lacuna earlier than the entrance of trachea. All
these are Endopterygotes. Holdsworth (1940, 1942) in his histological studies
of the wing pads of Pteronarcys proteus (Plecoptera) found that the precursors
of the veins in the nymphal wing pad are the lacunae, the free spaces surrounded
by spongy columnar epidermal cells. The trachea and nerves grow into these
channels only after their patterns have been established.
In the early first instar wing pads of O. fasciatus the epidermal cells increase
in size and undergo mitotic division. The divided cells elongate and their inner
ends meet those of the opposite surface. During this stage a small inter-cellular
space is seen towards the anterior region of the wing pad. The subsequent formation of lacunae in the wings of O. fasciatus is quite similar to that of Pteronarcys
proteus (Holdsworth 1940, 1942). The tracheae grow into these lacunae indieating that even in O. fasciatus lacunar development precedes the entrance of
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tracheae. Holdsworth's conclusions are, therefore, extended to another quite
unrelated order of Exopterygata. Whether the condition found by Hundertmark (1935) is a secondary specialization found in Coleoptera or whether there
exist considerable variations in the sequence of lacunar and tracheal development, require more elaborate study.
The growth of metathoracic wing pads is slow during the second instar, but in
both meso and metathoracic wing pads complete pattern of adult tracheation is
well established in the fourth instar.
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