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Morphology of the Aedeagal Gland of the Male Mealworm

Beetle (Tenebrio molitor L.)

PATRICK J. DAILEY AND GEORGE M. HAPP
Department of Zoology, University of Vermont, Burlington, Vermont 05405

ABSTRACT  The aedeagal gland of male Tenebrio molitor consists of
numerous acini containing several secretory units (organules) of three epithelial
cells in series. The distal cortical cell and intermediate cell are secretory cells.
Secretory products are passed into microvilli-lined extracellular reservoirs. From
these storage areas products flow through minute canaliculi and into the efferent
ductule. Canaliculi, cuticular trabeculae, and fibrillar material are characteristic
features of the efferent ductules within the extracellular reservoirs of secretory
cells. After passing from the secretory cells, the efferent ductule penetrates the
basal ductule cell. The thin epicuticle that comprises the wall of the ductule is con-
fluent with the epicuticle of the cuticular sheath forming the wall of the genital
pocket. Secretory products flow from the cortical cell ductule into the inter-
mediate cell and eventually empty into the genital pocket. A chemical reaction ap-
parently takes place in the intermediate cell ductule, resultingin a frothy secretion
product. When released from the ductule, this frothy product forms a foam-like
layer that coats the inner wall of the genital pocket. Ultrastructural and probable

functional aspects of this gland are described and discussed.

Insect pheromones act to attract members of
the opposite sex, torelease mating behavior, to
mark territories and oviposition sites, to alarm
other members of a colony, to recruit nest-
mates to a food source, and to regulate physio-
logic functions (see reviews by Wilson and Bos-
sert, '63; Happ, '73; Birch, "74; Shorey, '76). As
Percy and Weatherston ('74) emphasize, the
morphology and location of the glands respon-
sible for producing pheromones are as diverse
as the roles pheromones play. For the most
part, the glandular epithelium is of ectodermal
origin and is associated with cuticle-lined duc-
tules that channel secretory products to their
point of release.

The pheromone system of Tenebrio molitor
is complex. Female scent attracts males and
releases male mating behavior (Valentine, '31;
Tschinkel et al., '67; Happ and Wheeler, '69).
Females respond to male scent, often with ovi-
position behavior (Valentine, ’31; Happ, '69;
August, '71). When stimulated by female
scent, males also release an antiaphrodisiac
scent that inhibits the response of other males
to the female attractant (Happ, '69). Mature
males and females emit primer pheromones
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that act on immature females to increase the
rate of growth of their terminal oocytes and to
enhance the level of sex pheromone emission
(Happ et al., ’70).

We have recently discovered two exocrine
glands associated with the terminal abdominal
segments of T. molitor that may be responsible
for the production of at least one of these male
pheromones. One gland is associated with the
aedeagal sheath and the other opens into the
spicular pocket. The gross morphology of both
and the ultrastructure of the aedeagal gland
are presented in this paper.

MATERIALS AND METHODS

Aedeagal glands were removed from adult
virgin Tenebrio molitor males less than 1 day,
3 days, 6 days, and greater than 8 days old.
Colonies were kept at room temperature and
maintained on potato and Purina Chick Star-
tena (Ralston Purina).
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Light microscopy

Removal of the aedeagal apparatus and the
spicular pocket, as illustrated in Figure 1A,B,
C, was performed by immersing decapitated
beetles in either phosphate-buffered saline, pH
7.9 (Dulbecco and Vogt, '54), or Tenebrio
saline, pH 7.3 (Butz, '57), grasping the ab-
domen with forceps at the 7th abdominal seg-
ment and slowly pulling away from the remain-
der of the abdomen held in position by another
pair of forceps. Once removed, the structures
were immersed in 3% glutaraldehyde or
alcoholic Bouin’s fixatives for 1-2 h. Whole-
gland staining was done on glutaraldehyde-
fixed tissues or fresh unfixed tissue. In either
case the aedeagal apparatus was stained for 1 h
in 0.5% safranin 0 in 70% ETOH, 0.1% aque-
ous toluidine blue-methylene blue, or 0.1%
aqueous brilliant cresyl blue (Barbosa, '74}.
Destaining was done in 30% alcohol for
selected time periods. Glands for wax histol-
ogy were dehydrated in a graded ethanol

series, embedded in Paraplast Plus embedding
medium (Lancer), and stained with Heiden-
hain’s iron haematoxylin or Lower’s Trichrome
Stain (Barbosa, "74).

Electron microscopy

Aedeagal structures were removed while de-
capitated males were immersed in 3% glutaral-
dehyde (0.1 M phosphate buffer, pH 7.4) by the
method described above. Once removed, the
aedeagal apparatus was transferred immedi-
ately to fresh glutaraldehyde for 1 h. The ae-
deagal gland and the associated cuticular
sheath of the basal piece were then removed
from the aedeagus by slowly sliding the sheath
posteriorly. Further preparation of aedeagal
glands followed techniques outlined in Dailey
et al. ('80) for the bean-shaped accessory glands
of T. molitor. Thin sections were stained for 20
min each in 2.5% aqueous uranyl acetate and
Reynolds’ lead citrate (Reynolds, '63). Sections
were examined on a Philips EM 200 transmis-
sion electron microscope.

Abbreviations

AC, acinus

AG, aedeagal gland

AM, aedeagal muscles

BL, basal lamina

BP, basal piece

C, cuticle

CC, cortical cell(s)

CCN, cortical cell nucleus

CM, connecting membrane

CMYV, cortical cell microvilli

CN, centriole

CP, coated pit(s)

CSILII, cuticular sheaths (of aedeagus)
CSSI, cuticular sheath of spicular invagination
CT, cuticular trabeculae

CV, coated vesicle

DC, ductule cell

DL, ductule lumen

E, epidermis

EJD, ejaculatory duct

ER, extracellular reservoir of cortical cell
F, funnel

FC, fibrillar canaliculi

FM, fibrillar material

G, gonopore

GC, Golgi complex(es)

GP, genital pocket

H, haemocoel

IC, intermediate cell

ICN, intermediate cell nucleus

IE, inner epicuticle

IF, intermediate filaments

IMYV, intermediate cell microvilli

IR, extracellular reservoir of intermediate cell
IS, inner subcuticle

L, lumen of aedeagus

LB, lamellar body

LD, lipid droplet(s)

LP, lateral penis rod(s)

LY, lysosome(s)

M, mitochondria

MB, microbody

MF, myelin figures

MSG, membrane-containing secretory granule
MT, microtubules

MVB, multivesicular body

OE, outer epicuticle

OS, outer subcuticle

P, paramere

PC, procuticle

PE, penis

PV, pinocytotic vesicles

RB, residual body

RC, reservoir canaliculi

RER, rough endoplasmic reticulum
S, secretion

SC, spiracle

SD, septate desmosome

SEP, setae of paramere

SER, smooth endoplasmic reticulum
SG, spicular gland

SI, spicular invagination

SN, sternites

SP, spicule

SPP, spicule plate

T, tracheoles

TG, tergites

TZ, transition zone

Fig. 1. Views of the aedeagal apparatus of T. molitor. A:
Dorsal view; the aedeagal gland (AG) is situated between
the paramere (P) and basal piece (BP) of the aedeagus. B:
Right lateral view; note that the spicular gland (SG) lies
below the cuticular sheath (CSSI) and between the cuticular
spicules (SP) (see Fig. 2A). C: Ventral view. D: Left lateral
view of the aedeagal apparatus as it appears in the ab-
domen. CSSI, cuticular sheath of spicular invagination; TG,
tergites; SN, sternites; AM, aedeagal muscles; SPP, spicule
plates; SC, spiracle; EJD, ejaculatory duct.



261

MEALWORM BEETLE AEDEAGAL GLAND

*SN

R
vey,

ROIRTYTY

e

i
il

il




262

OBSERVATIONS AND RESULTS
Gross morphology

At the posterior tip of the abdomen of male
Tenebrio molitor, the hindgut and the repro-
ductive tract open to the exterior in a space be-
tween the tergite of the tenth abdominal seg-
ment and the sternite of the eighth (Fig. 2).
Three cuticular inpocketings lead anteriorly
from this space. The most dorsal is the hind-
gut, the middle one is the aedeagal apparatus,
and the most ventral is the spicular apparatus.

Except during sexual activity, the aedeagus
(intromittent organ) is retracted anteriorly into
the abdomen. The aedeagus proper consists of
a penis surrounded by stiff cuticular structure,
the tegmen. The tegmen includes two distal
fused parameres (which are covered with setae)
and a single basal piece (Figs. 1,2). The tegmen
is connected to the penis by a flexible cuticular
sheath. The tegmen is surrounded by yet
another cuticular sheath, the flexible cuticle
(CS 11, Fig. 2) that comprises the inpocketing.
This second sheath is attached anteriorly to
the basal piece. When the aedeagus is re-
tracted, the penis is telescoped anteriorly into
the tegmen.

The spicular inpocketing ends blindly. Its
shape is maintained by two strong cuticular
struts, the spicules (SI, Fig. 2A). The spicules
may be derived from the ninth sternite, and
provide sites for the attachment of the geni-
talic muscles (AM, Fig. 1D) and also act as a
guide along which the tegmen moves in and
out. A short retractor muscle connects the
spicules to the tegmen anteriorly, and paired
slender protractors provide the posterior at-
tachment (Doyen, '66).

The aedeagal gland is a flat oval pad that
wraps around the dorsal surface of the second
cuticular sheath of the aedeagus. In fresh prep-
arations, the gland measures 1.6 mm X 2.2
mm; its total volume is approximately 2 ul. The
glandular mass does not fuse ventrally (Figs.
1C, 2). The gland appears to be a derivative of
the intersegmental membrane between the
tenth and eleventh tergite. When the aedeagus
is retracted (as in a typical dissection), the
aedeagal gland is just anterior to the
parameres and midway along the basal piece
{Fig. 1A,B). When the aedeagus is fully
everted, the basal piece slides posteriorly and
the second cuticular sheath and aedeagal gland
are pulled along so that the cuticle just pos-
terior to the aedeagal gland is folded in an ac-
cordion-like manner. The gland passes its prod-
ucts through numerous fine cuticular ductules
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and thence into the space between the genital
pocket and the basal piece and eventually to
the exterior (Fig. 2).

A second glandular mass, here termed the
spicular gland, is wrapped around the ventral
surface of the spicular pocket. The spicular
gland appears to be derived from the interseg-
mental membrane between the eighth and
ninth sternites. Like the aedeagal gland, it
empties into its cuticular pocket by fine ef-
ferent ductules. In a dissection of the unfixed
aedeagal apparatus, the aedeagal and spicular
glands are similar in color to the adjacent
muscles and connective tissue; this similarity
may account for their being overlooked
previously.

The aedeagal gland

The aedeagal gland is composed of numerous
acini. Individual acini consists of 5-9 secretory
units or organules (Fig. 3). Each organule con-
tains three cells in series: a distal cortical
secretory cell, an intermediate secretory cell,
and a basal ductule cell (Fig. 30). Cortical and
intermediate cells are readily distinguished by
the fact that cortical cell nuclei are slightly
larger (7.0 pum diameter) and more lightly stain-
ing than intermediate cell nuclei (5.0 um
diameter) (Figs. 3-6). The epicuticular lining of
the ductules of the aedeagal gland is con-
tinuous with that of the second cuticular
sheath (Figs. 3, 29), and thus products of the
gland pass into the genital pocket. Ultrastruc-
turally the aedeagal gland and the spicular
gland show no obvious morphologic dif-
ferences. This paper will concentrate solely on
the detailed morphology of the aedeagal gland.

Fig. 2. Left lateral view of an extended aedeagus as it ap-
pears during copulation (posterior to the right). All muscles
and soft tissues have been removed by KOH treatment.
Aedeagal and spicular glands (AG, SG) have been stippled in
to show their location with respect to the cuticular sheaths
(CSLII, CSSI). A: Transverse section of anterior aspect of
aedeagus. The bracelet-like aedeagal gland (AG) partially
surrounds the basal piece (BP) and empties its secretory
product into the genital pocket (GP). The spicular gland (SG)
is located on the ventral aspect of the cuticular sheath
(CSSI) and empties its secretory product into the pocket of .
the spicular invagination (SI). Gland secretions collect in the
cuticular-lined genital pocket and spicular invagination. B:
Transverse section through anterior region of the paramere
(P). The ejaculatory duct (EJD) enters the anterior region of
the penis (PE) and travels posteriorly, eventually opening at
the gonopore (G). C: Transverse section through posterior
region of paramere. D: Transverse section through penis.
EJDL, ejaculatory duct lumen; LP, lateral penis rod(s);
TGX, tenth tergite; SN VIII, eighth sternite; SEP, setae of
paramere; SP, spicule. A, X 360; B, X 365;C, X 720; D, X
730.
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Fig.3. Thick section (0.75 um) of the aedeagal gland from
an adult male over 8 days post-ecdysis. Note how clusters of
cells comprising several secretory units are segregated in
acini. IC, intermediate cell; CC, cortical cells; AC, acinus;
DC, ductule cell; CSII, cuticular sheath; GP, genital pocket;
E, epidermis. Toluidine blue, X 1,000.

The cortical secretory cell

A thin basal lamina surrounds each acinar
cluster of organules (Fig. 4, 14). The basal sur-
faces of the cortical secretory cells and those of
the intermediate secretory cell are extensively
infolded and intertwined in the zone immedi-
ately inside the basal lamina (Fig. 7A). The in-
terweaving of these processes may reflect an
adaptation for exchange of materials within
the intercellular spaces and may also help to
maintain the structural integrity of each
acinus.

At the peak of secretory activity, 8 days
after adult ecdysis, the cortical secretory cells
contain an extensive rough endoplasmic retic-
ulum, many mitochondria, and several Golgi
complexes (Figs. 4-6). There are numerous
membrane-bound organelles, including multi-
vesiculate bodies, lysosome-like bodies, coated
vesicles, and putative peroxisomes (Figs. 6, 8,
12, 13). Coated pits were seen on the plasma
membrane toward the hemolymph, as well as
toward the secretory reservoir {Figs. 12, 13),
and coated vesicles were most common near
the Golgi complex (Fig. 8). The cells contain a
large number of membrane-bound bodies with
membranous inclusions and a finely granular
matrix (Figs. 8,12, 13). We believe these bodies
to be peroxisomes, on the basis of their mor-
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phologic and histochemical similarities to se-
cretion granules of the spermathecal gland of
the beetle Dytiscus marginalis (Autuori et al.,
"71), and granules present in the sternal defen-
sive glands of the cockroach Eurycotis flori-
dana and those associated with the tracheal
glands of the cockroach Leucophaea maderae
(Brossut and Sreng, '80). The maturation of the
cytomembrane system in these cells, and its
reorganization after secretory climax will be
described in a subsequent paper (Dailey and
Happ, unpublished observation).

Secretory products of the cortical cell exit in-
to an enclosed extracellular reservoir, which is
surrounded by the cell (Figs. 4-8, 12-14}. Ir-
regularly spaced microvilli, containing a rather
ordered ring of intermediate-sized filaments
(each about 88 A in diameter), project into the
reservoir, and the microvilli apparently anchor
the tip or end apparatus of the efferent ductule
(Figs. 7d, 9). Around the margins of the reser-
voir are microtubules (240-350 A diameter)
and intermediate filaments (88 A diameter)
(Figs. 12, 14), which may help to maintain the
shape of this distinct enclosed space. Mito-
chondria are most concentrated in the vicinity
of the reservoir (Figs. 4-7, 14), as are
membrane-bound organelles that contain
stocks of membranous lamellae (Figs. 8, 13). In
their morphology, these organelles resemble
peroxisomes. We believe that they contribute
their contents to the secretory product. In
newly eclosed animals, the reservoir contents
come to resemble the contents of the putative
secretory granules. In parallel with the in-
creased density of granular materials, mem-
branous whorls or myelin figures and lamellate
bodies accumulate progressively until they
almost fill the reservoir (Figs. 7-9, 12).

The reservoir is drained by an efferent cutic-
ular ductule. The end apparatus of this duc-
tule, which lies within the reservoir, is riddled
with minute canaliculi (219-302 A diameter)
through which secretions can pass into the lu-
men (Figs. 9-11, 14). The irregular blocks of

Fig. 4. Section through several acini of the aedeagal
gland showing several secretory organules in close proxim-
ity of each other. Area within square illustrates the distal
region of the extracellular reservoirs of a cortical and an in-
termediate cell. Note the presence of myelin figures in the
extracellular reservoir of the cortical cell (CC) and the trans-
verse section through the distal aspect of the end apparatus
(arrow at upper right of square enclosure) (compare with
Figs. 5,6). DC, ductule cell; IC, intermediate cell; T, trache-
oles; H, haemocoel; BL, basal lamina; CCN, cortical cell
nucleus; ICN, intermediate cell nucleus. Day 0 adult; bar
equals 2 pm.



MEALWORM BEETLE AEDEAGAL GLAND 265




266

cuticle between the canaliculi are quite elec-
tron-dense in thin sections (Fig. 11). The cuticle
of the end apparatus can be traced through
confluent layers to the inner epicuticle of the
body surface, and we believe these layers are
homologous.

The reservoir of the cortical cell is sealed off
from that of the intermediate cell by a narrow
isthmus of cytoplasm, composed of a sandwich
of projections from both the cortical and inter-
mediate cells (Figs. 9, 15). The closely apposed
plasma membranes are joined by septate des-
mosomes (Fig. 15). The efferent ductule leads
from the end apparatus in the cortical cell
reservoir to the intermediate cell reservoir. In
contrast to the end apparatus, the cuticle in
this zone of transition is less dense, lacks can-
aliculi, and has a distinct trilaminate outer epi-
cuticle (Figs. 15-17).

The intermediate secretory cells

Although the intermediate cells lie toward
the center of the acinar cluster, they are not
isolated from the hemocoel and its nutrient
contents. As noted above, basal projections of
these cells are intertwined with similar ones
from the cortical cells, and in addition, narrow
channels of hemocoelic space actually pene-
trate between the organules of an acinus. In
newly eclosed animals, the cytoplasm of the in-
termediate cell contains numerous, evenly dis-
tributed mitochondria, various dense bodies
that are difficult to characterize, predominant
smooth endoplasmic reticulum, scattered pro-
files of rough endoplasmic reticulum, Golgi
zones, spherical bodies, and a few putative
secondary lysosomes (Figs. 4-6, 18, 22).
Several days later the basal cytoplasm is
packed with spherical bodies with a homo-
genous content that we assume are lipid drop-
lets (Figs. 7, 22). Golgi zones bud off electron-
lucent vesicles (Figs. 19, 21). Dark bodies,
presumably microbodies, were observed (Fig.
20). Coated pits were frequently seen near the
secretory reservoir (Fig. 19). As seen in the
light micrographs, the nuclei are small and
contain much condensed chromatin. Their en-
velopes contain many nuclear pore complexes
{Fig. 18) that appear typically octagonal with a
central granule in face view (Fig. 18a) and ap-
pear to be pierced by a regularly spaced set of
filaments in side view (Fig. 18b).

The secretory reservoir of the intermediate
cell, like that of the cortical cell, is surrounded
by microvilli and encloses the efferent ductule,
but the microvilli, the reservoir contents, and
the ductule itself are quite different in detailed
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structure from their cortical counterparts. Be-
tween the bases of the microvilli is an irregular
labyrinth of electron-lucent spaces, some of
which are secretory vesicles and others of
which are continuous with the lumen. Each mi-
crovillus contains a central tubule of smooth
endoplasmic reticulum (Fig. 18). Midway be-
tween this tubule and the plasma membrane
are regularly spaced filaments (92 A diameter)
{Dailey and Happ, unpublished observation).
The tips of the microvilli approach the outer-
most zone of the efferent ductule. From the
outside inwards, the ductule consists of a
fringe of electron-dense fibrils (180-240 A
diameter) that lead successively into a zone of
high electron density, and apparently through
it, to enter and traverse the inner epicuticle
(Figs. 17, 18). The fibrils end in the outer epi-
cuticle, suggesting that they are “epicuticular
filaments (fibrils)” in the sense of Locke ('74).

Centrioles were observed in thin sections of
cortical, intermediate, and ductule cells (Figs.
5, 14, 22, 23, 28).

The ductule cell

As is common in insect integumentary
glands, the function of the ductule cell is not
secretory but rather to support and maintain
the cuticular conduit by which secretion moves
toward the surface of the animal. The ductule
cell is linked to the corresponding intermediate
cell by septate desmosomes. Asit leaves the in-
termediate reservoir, the ductule loses its
filamentous investitute (Fig. 18) and runs
toward the aedeagus as simply two concentric
layers of inner and outer epicuticle (Fig. 29). As
the secretions move through the ductule, they
change in staining properties and presumably
in consistency. In the cortical reservoir and to
a lesser degree in the intermediate reservoir,

Fig. 5. Section through the cells described in Figure 4 is
taken at a point where the ductuleis about to runinto thein-
termediate cell. Note the absence of myelin figures in the
reservoir of the cortical cell. An oblique section through a
centriole is also visible. CN, centriole. Day 0 adult; bar
equals 2 pm.

Fig. 6. Section through the basal region of the intra-
cellular reservoirs of the cortical and intermediate cells of
Figures 4 and 5. Note that the ductule is continuous be-
tween cells and that the outer epicuticle is found within the
ductule shortly before it enters the intermediate cell reser-
voir (see Figure 17 for further detail). Rough endoplasmic
reticulum (RER) and Golgi complexes (GC) are numerous in
the cortical cell cytoplasm, and secondary lysosomes with
cellular debris (LY) are common. M, mitochondria. Day 0
adult; bar equals 2 um.
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the secretory product appears finely granular
(Figs. 12,13, 18). As the ductule leaves the cor-
tical cell reservoir, the products begin to con-
dense and the progressive condensation yields
a frothy mass in the efferent ductules of the in-
termediate secretory cells and ductule cells
(Figs. 17, 22, 25, 26). As this frothy product is
released into the genital pocket it forms a
foam-like layer on the surface of the cuticle. In
electron micrographs, a striking resemblance
is seen between this layer and the outer layer of
the spermatophore (Figs. 25, 27). However, no
direct connection exists between the genital
pocket and the ejaculatory duct, which leads
through the penis to the gonopore.

DISCUSSION

The aedeagal gland is composed of acinar
clusters of three-cell secretory organules (Fig.
30). They are of the type 3 gland cell classifica-
tion of Noirot and Quennedey ('74) in which a
cuticular (efferent) ductule penetrates the
gland cell(s). The inner cuticular layer of the ef-
ferent ductule is usually structurally modified.
This is especially true when the ductule pene-
trates different types of secretory cells. The
trabeculae of the cortical cell end apparatus
and the fibrillar material coating the extracel-
lular ductule of the intermediate cells in the
aedeagal gland are examples of these modifica-
tions. Ductules within ductule cells lack cutic-
ular specialization and are structurally
consistent with the epicuticular layer of the
cuticular sheath. A similar situation is ob-
served in the defensive glands of the tenebrionid

Fig. 7. In animals of greater than 8 days of age the corti-
cal cells (CC} show variations in the morphology of the endo-
plasmic reticulum. These differences in the endoplasmic re-
ticulum are reflected by the darker staining properties of
certain transitional cells. In these cells the rough cisternal
endoplasmic reticulum (inset ¢, upper cell) is replaced by
vesiculate smooth endopolasmic reticulum (characterized
by the presence of numerous vesicles in the ribosome-free,
swollen cisternae) {insert ¢, lower cell). Note that the inter-
mediate cell (IC) cytoplasm appears unchanged (compare
with Figs. 4-6) and that the extracellular reservoirs of the
cortical cells are densely packed with myelin figures (MF).
Inset aillustrates the convoluted nature of the basal plasma
membrane of the secretory cells. Inset b shows the looping
or folding-over of the distal end of the cortical cell extra-
cellular reservoir; arrows indicate the septum that divides
one lobe of the reservoir from the other. Inset d demon-
strates the apparent anchoring of the ductule by microvilli
that traverse the extracellular reservoir and closely
associate with the cuticular matrix (trabeculae) of the duc-
tule. All micrographs are from glands of adults more than 8
days old. LD, lipid droplets. Bar equals 4 um; inset a bar
equals 0.5 ym; inset b bar equals 1 um; inset ¢ bar equals 0.5
um; inset d bar equals 1.0 xm.

FEleodes longicollis {(Eisner et al., 64) and in
various glands of other insects (Noirot and
Quennedey, 74, and references therein). As
suggested by Eisner et al. ('64), these cuticular
modifications may function in several ways.
For example, the cortical cell canaliculi could
act to extract selectively the reaction products
from the extracellular reservoir. The fibrillar
material and fibrillar canaliculi of the inter-
mediate cell could act in the same manner. Sim-
ilarly, it is also quite possible that cortical cell
products passing through the intermediate cell
ductule are selectively sequestered from the
ductule. These products could then pass into
the intermediate cell reservoir and conse-
quently through endocytosis (coated vesicles
or pinocytotic vesicles), be transported and re-
leased at the basal plasma membrane, or be
acted upon by lysosomes within the cell cyto-
plasm. As shown by Happ ('68), the extracel-
lular spaces within the ductules and reservoirs
of a tenebrionid defensive gland can act as
reaction chambers in the production of secre-
tory product.

A striking morphologic resemblance occurs
between the type A dermal gland cells of
Tenebrio described by Delachambre ('73) and
the cells that compose the secretory unit of the
aedeagal gland. As a general rule, insect der-
mal glands are thought to secrete the cement
layer over the epicuticular surface within the
first few hours following ecdysis (Wiggles-
worth, '48; Kramer and Wigglesworth, '50;
Way, '50; Malek, '58). It was generally as-
sumed that after secreting the cement layer,
the glands became inactive and subsequently
degenerated. In support of this assumption,
Kendall ('72) found that in Tenebrio the reac-
tion of the dermal gland secretion (cement
layer) with ammoniated silver nitrate stopped
several hours after adult ecdysis. However,
Delachambre’s ultrastructural study (73) of
dermal glands in pupae and adults showed that
the glands were active over these developmen-
tal stages. Moreover, in older adults (following
hardening of the cuticle), the dermal glands
possessed a well-developed endoplasmic retic-
ulum and extensive Golgi complexes not ob-
served in newly emerged adults. Delachambre
("73) believes that Kendall’s results are in-
dicative of a change in the nature of the secre-
tion and do not reflect cessation of secretory
activity. Changes observed in the endoplasmic
reticulum of the dermal gland and also of the
aedeagal gland following adult ecdysis suggest
a shift in the biochemistry of the secretory
product during adult life.
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Ultrastructural examination of aedeagal
gland cell-mediated endocytosis, autophagocy-
tosis, and developmental changes of organelles
involved in the synthesis of secretory products
will be discussed in Dailey and Happ (unpub-
lished observation).

The dermal gland and the aedeagal gland are
of ectodermal origin, like the many glandular
epithelia responsible for secreting pheromones
or allomones, for example, in fruit flies (Lhoste
and Roche, '61; Pritchard, '67; Flethcher, '69),
in the mecopteran Harpobittacus (Borne-
missza, '64), in cockroaches (Roth, '52, '69;
Roth and Barth, '64; Engelmann, ’65; Dimeo et
al., "78; Persoons and Ritter, '79), in lepid-
opterans (Brower et al., '65; Alpin and Birch,
’68; Pliske and Eisner, '69), and in beetles
(Eisner et al., '64; Yinon and Shulov, ’67;
Tumlinson et al., '69; Noirot and Quennedey,
"74). Characteristic of these secretory systems
are the cuticle-lined ductules that channel
secretory products to the exterior.

Male Tenebrio molitor produce sex phero-
mones, as described in the introduction. The
production of pheromones by male insects is

Fig.8. Oblique section through a cortical cell illustrating
the accumulation of myelin figures (MF) at the distal end of
the extracellular reservoir (ER). Arrows indicate peroxi-
some-like secretory granules near the periphery of the reser-
voir. Coated vesicles {CV) and immature secretory granules
(arrows in inset) observed in the cortical cell Golgi complex
(inset} are usually present in glands of all ages; however,
their numbers may vary with age or with the cell secretory
cycle. ICN, intermediate cell nucieus. Day O adults; bar
equals 2 pm, inset bar equals 0.5 pm.

Fig. 9. Longitudinal section through the end apparatus
within the cortical cell reservoir. The cuticular matrix of the
ductule is irregular and is perforated by tiny channels or
canaliculi. Toward the basal end of the reservoir the ductule
lumen (DL) appears constricted. In other sections (Fig. 16)
this neck of the funnel (F) marks the distal limit of the tran-
sition zone, where a definite epicuticular layer is formed.
Area within the square is shown in more detail in Figure 15.
LB, lamellar body; RC, reservoir canaliculi; CT, cuticular
trabeculae; CMV, cortical cell microvilli. Day 0 adult; bar
equals 1 pm.

Fig. 10. Section through the tip of the end apparatus.
Poststaining of this particular section demonstrates the
staining specificity of the secretory product present in the
cortical cell reservoir. This is characterized by minute elec-
tron-dense particles evenly distributed in the secretion and
in the canaliculi leading into the ductule lumen (DL)
{arrows}. Adult more than 8 days old; bar equals 0.5 um.

Fig. 11. Small, tubular reservoir canaliculi (RC) pene-
trates the cuticular layer of the cortical cell ductule giving it
a perforated appearance. As a result, the cuticular projec-
tion of trabeculae (CT) may themselves be mistaken for
tubules. Day 6 adult; bar equals 0.2 um.
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not restricted to Tenebrio. Other male beetles
also produce attractants. The male boll weevil,
Anthonomus grandis, for example, releases a
pheromone that attracts only females in the
laboratory (Tumlinson et al., ’69). However,
both sexes are attracted in the field. Phero-
mone production by male cockroaches has
been demonstrated in several species. In Su-
pella longipalpa, Blattella germanica, and Leu-
cophaea maderae these pheromones are pro-
duced by distinct tergal glands (Roth, '52, '69;
Roth and Barth, '64; Engelman, '65; Persoons
and Ritter, '79). In one species, Nauphoeta
cinerea, the male secretes a pheromone called
“seducin.” This substance, produced by glands
in the integument of the abdominal sternites
and tergites, functions to attract the female
and as an arrestant keeping her in position
long enough to insure connection with the male
aedeagus (Dimeo et al., 78). Similarly, certain
male noctuid moths produce pheromones with
several possible functions: antiaphrodisiacs to
deter other males, isolating mechanisms be-
tween species, or aphrodisiacs to stimulate the
female to mate (Alpin and Birch, ’68). Danaid
butterflies require aphrodisiac pheromones for
successful mating. Generally, the pheromone
produced by the male hair pencils is dusted on-
to the female antennae. This behavior is gen-
erally followed by copulation (Brower et al.,
’65; Pliske and Eisner, '69). Fletcher ('69) has
found that male Queensland fruit flies, Dacus
tryoni, release a volatile sex pheromone that
elicits characteristic mating behavior patterns
in sexually receptive females.

We believe that the aedeagal and spicular
glands may produce one or several phero-
mones. The secretions could be emitted as the
male genitalia are extruded following the re-
ception of female scent as discussed above.
These secretions could be antiaphrodisiacs,
thus reducing the attractiveness of females for
other males, or aphrodisiacs luring the female
towards the receptive male. Or they could be
continuously emitted and be the primer phero-
mones that act on the maturation of the ter-
minal oocytes and/or increase maturation of
other tissues in the immature female. Alterna-
tively, it is possible that the secretions act as
genital lubricants during copulation.

Although the aedeagal and spicular glands
are similar ultrastructurally they may differ in
the biochemistry of their secretion products.
Histochemical investigations of the aedeagal
glands are now under way in our laboratory to
answer these questions. In addition, a phero-
mone bioassay is being used to examine the ef-
fects of the secretions on adult behavior.



Fig. 12. The distal region of a cortical cell extracellular
reservoir from a newly emerged adult contains myelin
figures (MF) and is bound on all sides by numerous micro-
tubules (MT). Membrane-containing secretory granules
(MSG) are not very numerous in this area. Coated pits (CP)
are found in the crypts between microvilli. A higher-
magnification view of one of these structures (arrows in in-
set} illustrates the morphologically distinct coat. Day 0
adults; bar equals 1 um, inset bar equals 0.2 ym.

Fig. 13. Numerous secretory granules (MSG) lie in close
proximity to the reservoir in this micrograph from a gland
more than 8 days old. As in other sections, coated pits (CP}
are common. A characteristic feature of the secretory gran-
ule is the presence of small patches of electron-dense
lamellae scattered throughout the matrix. IF, intermediate
filaments. Bar equals 1 ym.
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tule cells is seen in Figure 30. Illustration not drawn to

Fig. 14. Composite illustration of a cortical cell showing
scale.

placement and types of organelles present in the cytoplasm.
Position of this cell in relation to the intermediate and duc-
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Fig. 15. The zone of junction between cortical and inter-
mediate cell reservoirs of the ductule can be seen in the area
between the two arrows. Contact between the intermediate
cell and cortical cell plasma membranes is usually strength-
ened by the formation of septate desmosomes (inset). Day 0
adults; bar equals 0.5 um, inset bar equals 0.1 ym.

Fig. 16. Below the cytoplasm the beginning of the zone
of transition is distinguished by a row of terminal reservoir
canaliculi embedded in the cuticular matrix (black and white
arrows). The density of the cuticular matrix lessens at the
transition zone and appears to be ensheathed by the plasma
membrane of the cortical cell surrounding this region (short
black arrows). Adult more than 8 days old; bar equals 0.5
m.

Fig. 17. The outer epicuticle begins to form in the transi-
tion zone below the lip of cuticular matrix described above
(asterisk; area between brackets in the inset). The inward ex-
tension of the epicuticle is ensheathed by the cortical cell
plasma membrane (arrows at top). The cuticular matrix of
the cortical cell ductule becomes confluent with the inner
epicuticle, and the outer epicuticle remains intact from this
point to its union with the cuticular sheath of the aedeagus.
DL, ductule lumen; FM, fibrillar material; FC, fibrillar
canaliculi; CT, cuticular trabeculae. Day 0 adult; bar equals
0.5 um, inset bar equals 0.5 um.

Fig. 18. This section through an intermediate cell illus-
trates the connection between the intermediate cell ductule
and that of the ductule cell (DC) {(area between thick arrows).
The extracellular reservoir (IR) of the intermediate cell is
convoluted and it is for this reason that two appararently
distinct reservoirs appear in the micrograph. Many of the in-
termediate cell microvilli (IMV) contain a tubule of smooth
endoplasmic reticulum. Once the ductule cell leaves the in-
termediate cell it joins with other ductule cells to form a
multiductular array that passes through the epidermis of
the cuticular sheath. The ductule epicuticle then becomes
confluent with the cuticular sheath epicuticle (see Fig. 26).
Nuclear pores (NP) were clearly observed in this section. In-
set a shows a section through the face of a pore complex. In-
set b shows a cross section through the nuclear pore; the
small arrows indicate equally spaced electron-lucent zones
bordered on either side by electron-dense zones that are
probably indicative of the filamentous nature of the com-
plex. PV, pinocytotic vesicle; FM, fibrillar material. Day 0
adult, bar equals 0.1 um; inset a, day 0 adult, bar equals 0.1
pm; inset b, day 6 adult, bar equals 0.2 um.

Fig. 19. Intermediate cell cytoplasm containing Golgi
complexes (GC), smooth endoplasmic reticulum (SER), and
microtubules (MT). Developing lipid-like droplets sur-
rounded by SER (arrows) are commonly observed in the cy-
toplasm. As these droplets mature their periphery becomes
less fuzzy, resulting in a more compact structure (droplet at
upper left). Inset illustrates the formation of a coated vesicle
{arrow) from the wall of a microvillus, and the central core of
smooth endoplasmic reticulum (asterisk). Day 6 adult, bar
equals 0.2 um; inset, day 0 adult, bar equals 0.2 ym.

Fig. 20. A loosely bound microbody (left} containing rod-
like structures (arrows) lies adjacent to a maturing lipid-like
droplet (LD). Day 0 adult; bar equals 0.5 ym.

Fig. 21. Intermediate cell Golgi complex. Adult more
than 8 days old; bar equals 0.5 um.



MEALWORM BEETLE AEDEAGAL GLAND 275




276 PJ.DAILEY AND G.M. HAPP

2

J

A

ﬂﬂ% G

Y

»
W
/

\

Fig. 22. Composite illustration of an intermediate
secretory cell demonstrating approximate location and type
of organelles present in the cell cytoplasm. See Figure 30 for
composite picture of organule of which this cell is a part.
Figure not drawn to scale.

Fig. 23. Oblique section through part of a ductule cell
within the intermediate cell cytoplasm. Septate desmo-
somes (SD) form between opposing cell membranes. Centri-
oles (structure within circle and inset at lower left) were fre-
quently observed in oblique sections of the ductule cell. Day
0 adult, bar equals 0.5 um; inset, adult more than 8 days old,
bar equals 0.2 ym.

Fig. 24. Transverse section through ductule cell (DC} il-
lustrating the epicuticle and cytoplasmic contents. OE,
outer epicuticle; IE, inner epicuticle. Day 0 adult, bar equals
0.5 pm.

G

Fig. 25. A group of duct cells (multiductular complex) is
shown penetrating the epidermis (E) of the cuticular sheath.
Secretion product (S) is visible within the ductules. Ductule
cell microvilli are frequent along the inner margin of the
epicuticle (arrow).

Fig. 26. As the ductules penetrate the epidermis (E) the
epicuticle becomes confluent with the epicuticular layer of
the cuticular sheath. Note in particular the frothy secretion
(S) within the ductules and lining the surface of the cuticle
within the lumen (L) of the aedeagus. PC, procuticle; OS,
outer subcuticle; 1S, inner subcuticle; IE, inner epicuticle;
OE, outer epicuticle, H, haemocoel. Adult more than 8 days
old; bar equals 0.1 gm.

Fig. 27. Section through a spermatophore demonstrat-
ing the similarity between the outer spermatophore coat
and the frothy secretion (S) produced by the aedeagal gland.
Bar equals 0.5 ym.
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cell with the cortical and intermediate cell is depicted in

Figure 30. Figure not drawn to scale.

Fig. 28. Composite illustration of a ductule cell demon-
strating organelle location and type. The relationship of this
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Fig. 29. Composite illustration of the efferent ductule.

cuticles of the ductule cell ductule are confluent with similar
Morphologically, the outer cuticular components of the duc- components of the cuticular sheath. Figure not drawn to

tule are distinct in the extracellular reservoirs of the cortical

scale.
and intermediate cells. However, the inner and outer epi-
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Fig. 30. Cumulative illustration of a secretory unit or or- gland. For detailed structure of organelles see Figures 14,
ganule. Hundreds of these units make up the aedeagal 22, 28, and 29. Figure not drawn to scale.
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