Entomology 322
Lab 19 Exocrine Glands

Insects, perhaps more than any other animals, live in a world dominated by chemical signals.
Ants lay scent trails to food, stingless bees indicate to their nestmates the locations of floral resources
through the use of scent markers, honey bees release alarm pheromones in response to attacks on their
hives, and female moths attract their mates with air-borne chemical cues. Chemicals also play an incredibly
important role in insect defense, as any of you recently stung by a bee will attest. For a review of
chemical defenses in insects see Whitman, Blum & Alsop (1990) and for a review of insect exocrine
gland morphology see Noirot & Quennedy (l974).
The variety of chemical signals and defenses in insects is incredibly diverse and the exocrine
glands which produce them show diversity in form, location, and ultrastructure. In this lab we will
examine exocrine glands in insects.
I. Defensive Glands
1. Observe the dissection of the abdominal defensive glands of the bombardier beetle Brachinus
(Carabidae) (Fig. 19.1). These are two-chambered reactor glands. The ducted secretory cell clusters
(sc) produce hydrogen peroxide and hydroquinones, which are transfered via the collecting ducts (cd) to

Figure 19.1 (Whitman, Blum & Alsop, 1990)

the reservoir (r), where they are stored. The vestible glandular lining produces enzymes. When a muscular
valve opens to allow some of the reservoir contents to enter the vestible, the enzymes catalyze the
oxidation of the hydroquinones to quinones, which are released in a pulsed explosive discharge at 100
o
C. The beetle can accurately aim the discharge.

2.

Observe the demonstration dissection of the scent gland of Eurycotis floridana (Blattodea).
These glands produce and store trans-2-hexanal and release it through ducts opening between abdominal
sternites VI and VII. Obtain a live roach and smell the secretionit can spray it up to a meter by
twisting or flicking the abdomen. Discharge is apparently by hemolymph pressure.

3.

Observe the dissection of the defensive gland of the lubber
grasshopper, Romalea (Acrididae) (Figs. 19.2 & 19.3). This is a
tracheal gland associated with the metathoracic spiracle (which is
not used for respiration). The epithelium of the tracheae produces
the secretion which is stored within the tracheae. When discharging,
all spiracles except the metathoracic are closed and muscular
contractions increase hydrostatic pressure, compressing the air sacs
joining the glandular tracheae, thus expelling the secretion through
the spiracles as a foam (Fig. 19.2). Compare the secretory tracheae
to the respiratory tracheae. How do they differ?

Figure 19.2 (Whitman, Blum & Alsop, 1990)

Figure 19.3 (Whitman, Blum & Alsop, 1990)

4.
Obtain a live caterpillar of the black swallowtail butterfly (Papilio polyxenes, Papilionidae).
Squeeze it with a forceps and observe its reaction. It should evert its defensive gland, the osmeterium,
and attempt to wipe it against the forceps. The butyric acid defensive secretions also volatize in the air,
as you should be able to smell. The secretory cells line the osmeterium. The osmeterium is everted by
hemolymph pressure.
II. Pheromone Glands

5.

Examine the demonstration of the sex-pheromone-producing glands of the arctiid moth Utetheisa
ornatrix, whose chemistry and use in reproduction have been studied by William Conner and Thomas
Eisner (moths courtesy of Dr. Eisner). In the female, the sex pheromone gland opens into the intersegmental
membrane between abdominal terga 8 and 9, as is common in moths (Fig. 19.4). In this moth, the glands
consist of two long invaginations of the epidermis, lined with ductless glandular cells. The glands have
either been artificially everted or are exposed in dissection; they are not normally everted by the female.
The pheromone, a long-chain unsaturated hydrocarbon, serves as a long-distance attractant to males.
In the male, the pheromone glands consists of
two eversible structures, the coremata, located at the
tip of the abdomen near the genitalia. The moth everts
these glands when he approaches the female; they have
been everted in this demonstration by applying pressure
to the abdomen. Coremata are modified hair pencil
organs that are coated with long secretory scales. The
cell that produces the scale (the trichogen) later
produces the secretion, which fills the scale lumen and
seeps out onto the scale surface via minute (.02-.2 um)
pores in the cuticle. The secretion is hydroxydanaidal,
an alkaloid derived from the food plant (Croatalaria)
of the larva. This sex pheromone is necessary for
female acceptance of the male.
Figure 19.4 (Yin et al., 1991. Can. J. Zool.)

III. Glands of Social Insects
The glandular systems of social insects are especially well developed,
as many of the activities within the colony are integrated by pheromones. Glands
are also important in producing secretions used in constructing nests. Our
demonstrations are of some glands in honey bees (Apis mellifera).

6.

Observe the histological sections of the
wax glands of the worker bee (Fig. 19.5). The
ductless glands consist of modified epidermal
cells underlying the wax mirrors (Mir in Fig.
19.5) of abdominal sterna 4-7. The mirrors
are areas of hairless, thin cuticle through which
the wax passes after secretion by the glandular
cells. The mirrors are normally concealed by
overlapping anterior sterna. The slide exhibits
a wax gland at maximum developmentnote
the large rectangular epidermal cells with large
nuclei and the oenocytes and fat cells
(trophocytes) near the basement membrane. The
oenocytes discharge hydrocarbons and wax acids
and the fat cells discharge esters into the
glandular cells. A slide with a cleared sternum,
showing the wax mirrors, is also on
demonstration.

7.

Figure 19.5

(Snodgrass, 1956)

Examine the dissections of the worker honey bee demonstrating the cephalic glands that open in
the mouthparts (Fig. 19.6). The labial glands consist of anatomically different cephalic and thoracic
portions, both composed of ductless secretory cells. The cephalic portion secretes a lipid and the
thoracic portion a watery proteinaceous saliva that dissolves dry sugar. The hypopharyngeal glands
open at the base of the proboscis and extend into the head. The ducted secretory cells secrete invertase,
an enzyme that oxidizes glucose, and a portion of the bee milk fed by nurse bees to larvae. The
mandibular gland is a reservoir lined by ducted secretory cells that opens at the base of the mandible. In
the worker this gland produces an alarm pheromone and part of the bee milk fed to larvae; in the
queen it produces a sex pheromone and a primer pheromone that indirectly regulates the production of
new queens through its influence on the workers.

Figure 19.6

(Michener, 1974)

IV. Dissection of Oncopeltus

8.

Obtain a live adult male milkweed bug, Oncopeltus fasciatus (Hemiptera: Lygaeidae). Grasp
the male and smell it. (Males have the ventral tip on the abdomen solid black while females have some
red or orange there.) Under the dissecting scope, locate the conspicuous orange openings of the
metathoracic scent glands (indicated by arrows in Fig. 19.7) on the metapleura between the meso- and
metacoxae. The orange area is an evaporative plate (peritreme) and may be wet with glandular secretion. It
may serve to protect the bugs cuticle from its own secretion or, more likely, to retain the chemical on the bugs
surface for the longest possible time and thus protect the bug passively (residual action) after the secretion has
been released. Metathoracic scent glands are widely distributed in the Hemiptera (Heteroptera) and produce
a variety of nasty smelling substances. Pentatomids are called "stink bugs" for good reason! See Schuh &
Slater 1995 Ch. 10 for more details.
Anesthetize the bug and remove its wings. Slit the insect along its dorso-lateral margins from
near the tip of the abdomen to the head. Pin it in a dissecting dish in Ringers solution and remove the
terga and pronotum.
In the thorax, locate the salivary glands (Fig. 19.8) In your dissection, do not damage the scent
glands in the metathorax, which will be examined later.

Figure 19.7 A.

= Lygaeidae, B. = Scutellaridae. Arrows indicate openning
of the metathoracic scent glands. (A. Burke)

The salivary glands may be stained to make them more conspicuous. Your handout on the gut of
Oncopeltus contains diagrams of these glands, each of which consists of a principal gland and an accessory
gland. Each principal gland is trilobed, with an anterior (ant lb in Fig. 19.8), lateral (lat lb in Fig. 19.8),
and posterior lobe (post lb in Fig. 19.8), the latter being itself bilobed. The lobes meet at the hilus (hl in
Fig. 19.8). The salivary duct (sal dt) emerges from the hilus, extends a short distance between the
principal gland and the gut, and then turns forward to enter the head capsule, where it fuses with its
counterpart from the opposite gland to form a common salivary duct as it enters the sucking pump (you
will probably not be able to trace this fusion in your dissection).
The end of the tubular accessory salivary gland (acgl in Fig. 19.8) is closely associated with the
end of the posterior lobe of the principal gland. The gland extends anteriorly to the head capsule, loops
beneath the muscles of the sucking pump, and then continues back above the salivary duct as a narrow
tube, the accessory duct. The accessory duct broadens and bears a distinct convoluted intima as it
passes posteriorly along the gut to the anterior abdomen, where it loops and proceeds anteriorly to join
the salivary duct at the hilus.
The lateral and anterior lobes produce different chemicals that coagulate when secreted from the
beak to form the stylet sheath around the stylets in the plant tissue, which may prevent leakage of sap.
The lateral lobe also produces amylase and invertase. The posterior lobe contributes most of the enzymes
for the watery saliva. The accessory gland produces mucoids in the saliva and an oxidase to stabilize the
stylet sheath. (See Chapman, 1982, pp. 63-64.)

Figure 19.8

(Bronskill, Salkeld & Friend, 1958)

Remove obscuring dorsal fat body and cut the gut posteriorly and stretch it forwards so that it is
looped anteriorly over the head and out of the way. In the thorax, you may have to remove some of the
translucent dorso-ventral muscles and some of the tracheae. Ventrally in the metathorax, a median
bright orange structure should be readily apparentthis is part of the scent gland. Projecting laterally
and posteriorly from this reservoir are additional translucent glands. Locate:
Median reservoir
accessory glands

tubular glands
accessory reservoir

The tubular glands contain ducted cells that secrete scent esters into the accessory reservoirs.
The accessory glands are ductless and secrete water and a mucopolysaccharide into the median reservoir.
The latter may convert the scent esters into aldehydes, and the water may help form a scent droplet when
the secretion is released through the scent gland opening that you observed earlier. This opening is
regulated by a complex musculated efferent apparatus that we will not examine.

