ENTOMOLOGY 322
LABS 17 & 18
Circulatory and
Respiratory Systems
In insects, unlike in vertebrates, the circulatory and respiratory systems are not functionally interrelated. The respiratory system in insects is essentially an extension of the exoskeleton. Gas exchange is
carried out by the tracheal system, which consists of very thin, cuticular tubes extending inward from the
surface of the body. The tracheal system is a very efficient mechanism for delivering oxygen to metabolically
active tissues for a number of reasons. First, gas exchange occurs through diffusion, and diffusion of oxygen
in air is roughly a million fold faster than diffusion in water (or hemolymph). Second, the tracheal system
presents a huge surface area for gas exchange. The largest tracheae, those immediately connected to
spiracles, can be on the order of 1 mm in diameter, but as the tracheae extend inward they become subdivided into smaller and smaller tracheae, which ultimately end in tracheoles that are on the order of 0.1 um in
diameter  a ten thousand fold decrease in diameter! This results in a roughly 1000 fold increase in surface
area for gas exchange. While many insects rely solely on diffusion for all their gas exchange needs (e.g.,
caterpillars and relatively inactive larval stages), insects with high metabolic rates, such as active fliers, make
use of bulk movements of air through ventilation of the tracheal system. Insect flight muscle is one of the
most metabolically active tissues known, and all of its gas exchange needs are met by the tracheal system.
The circulatory system in insects (Fig. 17.1) is an open circulatory system (a feature insects share
with all other Arthropods), so that all body organs are bathed in hemolymph. A dorsal vessel (DV, Fig.
17.1) consisting of a contractile heart and noncontractile aorta, pumps hemolymph cephalad, from the

Figure 17.1

(Pass, 1997). Distribution of circulatory organs in insects.

abdomen into the head and thorax. Movement of blood caudad is facilitated by waves of contraction along
the ventral diaphragm (VDia, Fig. 17.1). The circulatory system in insects plays an important role in wound
healing, thermoregulation, growth and molting, movement, and resistance to toxins, pathogens and parasites.
Additional, accessory pulsatile organs are located at the wing bases (DVAmp, Fig. 17.1), antennal
bases (Amp, Fig. 17.1), and the legs (LDia, Fig. 17.1). Gunter Pass (1997, 2000) provides excellent
reviews of the accessory pulsatile organs in insects, and discusses the phylogenetic distribution of the
pulsatile organs.

1.

Obtain a live adult roach (Periplaneta americana: Blaberidae) and anesthetize it with chloroform.
Locate the spiracles on the thorax and the abdomen and note their positions in relation to the sclerites of the
segments. You should be able to locate 2 thoracic and 8 abdominal spiracles  this is the holopneustic
condition. The thoracic spiracles are located in the intersegmental membrane between the prothorax and the
mesothorax (mesothoracic spircle) and between the mesothorax and the metathorax (metathoracic spiracle).
The abdominal spiracles are located on the lateral margins of the terga. Note the difference in structure
between the thoracic and abdominal spiracles.

2.

Now pin your roach ventral side up in a dissecting pan with ringers. Carefully remove the abdominal sterna trying not to disrupt the underlying tissues too much (This may not be entirely possible). Remove
the larger portions of the fat body and the reproductive organs. The tracheal system should be easily identified by its silvery appearance due to entrapped air. Note that the gut has abundantly branched, fine tracheae
over much of its surface. These tracheae provide the gut epithelium and muscles with oxygen. Pull the gut to
one side and note the large visceral segmental tracheae, which are large tracheal branches connecting the
tracheal system of the gut (the visceral tracheae) with the spiracles laterally.

Figure 17.2

(Lameere, 1935. Precis de Zoologie. p.105). Tracheal
system in a roach in dorsal view (left), ventral view (right) and the
visceral tracheal system (center).

Follow one of the visceral segmental tracheae
laterally to a spiracle, and examine the point where
the spiracle gives rise to the first, and largest
branches of the tracheal system. [You may now
cut the visceral tracheae near to where they attach
to the gut and remove the gut from the body.]
Note that each spiracle gives rise to five large
tracheae (Figs. 17.2 and 17.3 will be of help
here). Two of these extend anteriad and posteriad
to connect successive spiracles. These are the
lateral longitudinal trunk tracheae. (In
Periplaneta these are dilated slightly to form
tracheal air sacs.) The three other large tracheae
extend inward from the spiracle. One extends
dorsally (the dorsal segmental trachea), one
extends ventrally (the ventral segmental trachea)
and the third, which you identified above, extends
to the gut (the visceral segmental trachea). The
dorsal segmental tracheae provide oxygen to the
dorsal vessel and dorsal diaphragm (identified
below) and the ventral segmental tracheae
provide oxygen to the ventral nerve chord and the
ventral diaphragm.
Figure 17.3

(Chapman, 1991. Insects of Australia; p. 39)

Note that the dorsal segmental trachea of each abdominal segment extends inward toward the midline and
ultimately attaches to the dorsal longitudinal trunk tracheae (paired tracheae on either side of the midline;
Figs. 17.2 and 17.3).
Because you have removed the sterna in your dissection, the ventral segmental tracheae and the
ventral longitudinal trunk tracheae may not be visible, but their overall morphology is similar to that of the
dorsal tracheae. There may, however, be ventral commissures connecting the ventral longitudinal trunk
tracheae on either side of the body (Fig. 17.3).
Note that all the large tracheal trunks that you have just identified give rise to smaller (secondary)
tracheal branches, which themselves divide into smaller (tertiary) tracheae. Under high power you can see
the spiral thickenings, the taenidia (Fig. 17.4), in the tracheae. By breaking a trachea or air sac and pulling
one end, you may be able to unwind a taenidium. What is its function? The tracheae eventually branch into
extremely fine tracheoles, which have diameters of less than a micron. The tracheoles will not be visible
under the compound microscope.

Figure 17.4

Figure 17.5

(Mill, 1998). Insect tracheae showing taenidia.

(Mill, 1998). Spiracular filtering devices in the Orthoptera.

3.

We will now examine the dorsal blood vessel (Fig. 17.6; labelled heart in Fig. 17.3). The dorsal
vessel is located along the midline of your dissection immediately between the paired dorsal longitudinal
trunk tracheae. It should be possible to see the anterior to posterior waves of contraction in the dorsal
vessel, if your roach is still living. In the roach, the portion of the dorsal blood vessel that is contractile, the
heart, extends into the thorax. The anterior portion of the blood vessel, the aorta, extends from the prothorax into the head. The heart is embedded in the dorsal diaphragm, which contains fan-shaped alary
muscles, difficult to see in living material. The heart is composed of 2 thoracic and 8 abdominal chambers.
Near the posterior end of each chamber is a pair of ostia whose openings cannot be easily seen; however,
the action of the ostial valves within the chambers can be nicely observed in a living specimen. There are 4
or 5 pairs of segmental blood vessels extending laterally from the heart in the abdomen, an unusual feature of
the roach. These are transparent and difficult to see; they sometimes can be identified by observing weak
pulsations and flow of hemolymph particles. Observe the demonstration of the stained or preserved circulatory system to better observe details.
If available, observe the pulsations of a living heart in an intact insect (e.g., Manduca last instar
larva) on demonstration. Do they originate caudally or anteriorly? Does the heart ever reverse beat? Does
one chamber ever beat independently of the others?

Figure 17.6

(Chapman, 1981)

Diversity in insect circulatory and respiratory systems:

4.

Examine the demonstrations of the heart and respiratory system of the honey bee (Hymenoptera:
Apidae) (Fig. 17.7) and compare these systems with those of the roach. Note the well-defined chambers in
the abdominal heart and the long aorta extending through the thorax. The aorta is looped as it enters the
thorax. Honey bees are able to fly at remarkably low (10 oC) and high (46 oC) ambient temperatures. At
low temperatures a honey bee raises its thoracic temperature to flight temperatures by shivering its flight
muscles. Heat is retained in the thorax because the aortal loop acts as a countercurrent heat exchanger
allowing the hot blood in the perineural sinus (which has just passed through the flight muscles) to come into
contact with the cool blood entering the thorax through the aorta. Heat is thus transfered back into the
thorax rather than being lost to the abdomen.
At high temperatures, overheating is prevented by a mechanism which bypasses the countercurrent
exchanger. Blood moves posteriad in the perineural sinus and anteriad in the aorta, but the contractions of
these two vessels occur out of phase, so that the two blood pathways do not come into contact and no heat
is exchanged. Honey bees can also cool off by evaporating nectar from the proboscis, with hot hemolymph
being transported from the thorax to the head via aortal pumping. Also observe the huge abdominal air sacs
of the respiratory system, extensions of the lateral longitudinal tracheal trunks. Do they possess taenidia?
What is their function?
For more information on honey bee thermoregulation, see Heinrich, 1993.

Figure 17.7

(Snodgrass, 1956)

5.

Due to the possession of wing pulsatile organs there is blood circulation through the veins of insect
wings (Fig. 17.8). These organs are located beneath the scutellum of most pterygote insects and act by
sucking hemolymph out of the posterior-most wing veins. Thus, flow is generally outward in the anterior
wing veins and back into the body in the posterior wing veins.

Figure 17.8

(Arnold, 1964).

Examine the demonstration of blood flow in the roach wing set up under the phase-contrast microscope. This was prepared by lightly anesthetizing the roach and placing him (or her) ventral side up on a
microscope slide, spreading the wings into soapy water and covering them with another slide. Observe the
hemocyte movement in the veins. Can you determine the direction of blood flow in the wing?

6.

Antennal circulatory organs are present in the heads of most Pterygote insects and play an important
role in distributing blood through the antennae. Examine the demonstration of the cockroach head and try to
identify the antennal circulatory organs (Amp, Fig. 17.9) located near the antennal bases. A thin accessory
dilator muscle extends between the ampullae (DAmp, Fig. 17.9). Contraction of the dilator muscle causes
the ampullae to dilate. Hemolymph from the sinus in front of the brain enters the lumen of the ampulla
through valved ostia. Once filled, the ampullae contract, pushing hemolymph into the antennal vessel (AVp
and AVd, Fig. 17.9).
This dissection is best viewed in a live cricket dissected under ringers.

Figure 17.9

(Pass, 1997). Antennal pulsatile organs (Amp) in a roach, Periplaneta.

7.

Examine the demonstration of the outer and inner structure of a caterpillar spiracle (Fig. 17.10).
Note that it is surrounded by a narrow sclerotized ring, the peritreme (a, Fig. 17.10) Two opposing rows of
fimbriated processes grow out from the peritreme, their free ends meeting in a straight line in the long axis of
the atrial aperature (b, Fig. 17.10). These form a strainer that prevents particles from entering the atrium.
The closing apparatus closes the lower portion of the deep atrium (Atr, Fig. 17.10).
In many insects, the atrium or atrial aperature may be modified as a filter to collect fine particulates
that might clog the tracheal system. Fig. 17.5 shows some modifications of the atrium in Orthoptera.

Figure 17.10

(Snodgrass 1935)

8.

Examine the demonstration of the thoracic spiracle of a grasshopper (Orthoptera; Fig. 17.11). As
is typical of the thoracic spiracles of insects, the atrium is shallow and the closing apparatus thus appears to
be at the atrial aperature. The functions of the lips that close the aperature are described in Snodgrass,
1935 (pp. 440-441) and Chapman, 1982 (pp. 538-539).

Figure 17.11

(Snodgrass, 1935)

9.

Examine the demonstration of the mosquito larva (Fig. 17.12).
Like many aquatic larvae, it is oligopneustic with only one pair of functional spiracles, on the end of the abdomen, where they are located at
the tip of a respiratory tube. Note the anal papillae that contain chloride
cells that take up ions from the water and are important in osmoregulation. If live larvae are available, note how they use the respiratory tube
to obtain atmospheric air and silver dorsal longitudinal tracheal trunks
that extend the length of the body.

Figure 17.12

10.

(Snodgrass 1935)

Respiration in a dragonfly nymph (Odonata) is via a closed tracheal system. In the Anisoptera
(dragonflies), the anterior portion of the rectum is modified to form a respiratory chamber. Movement of
water in and out of the rectum is a complex process involving two chambers (the small vestibule distally, and
the large branchial chamber, proximally), and both intrinsic and extrinsic muscles of the hindgut. Expiration is
caused by simultaneous contraction of the dorso-ventral and longitudinal muscles of the abdomen, which
exerts pressure on the branchial chamber, thus expelling water. Inspiration begins with contraction of the
dilator muscles of the vestibule, which draws water into the vestibule. Simultaneous closure of the anus and
contraction of the vestibule muscles pushes water into the branchial chamber. Several rounds of vestibular
filling and pumping may be needed to fill the branchial chamber. The surface of the branchial chamber is
heavily tracheated (as the name implies; Fig. 17.13) and gas exchange occurs across the walls of the
branchial chamber. The cuticular lining of the branchial chamber is just 0.3 um thick and the tracheoles lie
within 1 to 1.5 um of the surface.
Respiratory rates range from 12 to 110 cycles per minute and are related to the oxygen content of
the water, temperature, and other factors. Dragonfly larvae experiencing low oxygen concentration will
extend the tip of their abdomens out of the water and actually gulp air! (See Mill 1984, 1998 for more
details on dragonfly respiration.)

Dragonfly larvae can expel the water
from their hindgut rapidly and use this as a form
of jet-propulsion when startled. If living dragonfly larvae are available, attempt to observe this. If
enough preserved specimens are available,
dissect the dragonfly abdomen and observe the
vestibule and branchial chambers (refer to Fig.
17.13 for help).

11.

Examine your own insect and locate all
the spiracles. How many are there on the thorax
and abdomen? Are all of similar size and structure? What modifications are there in the
peritreme and atrial aperature?
Using a live and anesthetized specimen (if
available) or a freshly frozen specimen of your
species, pin it ventral side up in a dissecting pan.
With a sharp scalpel or scissors, cut along the
midline of the body from head to the apex of the
abdomen and carefully pin the lateral portions of
the body open to reveal the internal organs. In
heavily sclerotized insects, you may need to
remove a strip along the ventral surface of the
body to obtain the same view of the respiratory
system (as you did above for the roach), but do
not remove the spiracles. Identify the following
structures:

Figure 17.13

(Imms, 1957)

lateral tracheal trucks
dorsal tracheal trunks
ventral tracheal trunks
commissures (connectives between the tracheal trunks)
junction of lateral tracheal trunks with the spiracles
air sacs (how many and in what region of the body?)
tracheoles

What organs of the body are most heavily tracheated? Check the gut (especially the rectum), the
indirect flight muscles, and the internal reproductive organs. Why would you expect each of these organ
systems to be heavily tracheated? Do you see any air sacs?
Next, remove the gut and large tracheae and try to identify the dorsal blood vessel. Is it subdivided
into a posterior heart and an anterior aorta? Do you see any unusual features of it that may indicate
evolutionary modifications associated with thermoregulation? If so what are they?

