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Abstract Members of the cucujiform family Erotylidae
possess a whole arsenal of compound integumentary
glands. Structural details of the glands of the pronotum of
Tritoma bipustulata and Triplax scutellaris are provided for
the first time. These glands, which open in the posterior and
anterior pronotal corners, bear, upon a long, usually
unbranched excretory duct, numerous identical gland units,
each comprising a central cuticular canal surrounded by a
proximal canal cell and a distal secretory cell. The canal
cell forms a lateral appendix filled with a filamentous mass
probably consisting of cuticle, and the cuticle inside the
secretory cell is strongly spongiose—both structural fea-
tures previously not known for compound glands of beetles.
Additional data are provided for compound glands of the
prosternal process and for simple (dermal) glands of the
pronotum. A combined defense plus anti-microbial function
of the compound glands is tentatively proposed.
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Abbreviations
ec Extracellular cavity
ed Excretory duct of compound gland
edcu Cuticular intima of excretory duct

er Endoplasmatic reticulum
fs Filamentous structure forming core of lateral

appendix
gd Glandular ductule of gland unit
gdc Constriction of glandular ductule
gdcl Cell enclosing glandular ductule (secretory cell)
la Lateral appendix of gland unit
lacl Cell enclosing lateral appendix (canal cell)
lu Lumen of glandular ductule or canal
m Mitochondrion
mgdcl Membrane of cell enclosing glandular ductule
mlacl Membrane of cell enclosing lateral appendix
ngc Non-glandular cell
rw Ringwall around orifice of glandular ductule
ss Spongiose structure of cuticular intima of

glandular canal
v Vesicle

Introduction

Erotylidae is distributed worldwide and comprises
about 3200 described species in more than 280 genera
(Węgrzynowicz 2002; Leschen 2003). These figures refer
to a revised concept of Erotylidae, which also includes the
languriids: Recent morphology- and molecular-based phy-
logenetic studies have shown that the former ‘Languriidae’
is paraphyletic with respect to the former ‘Erotylidae’
(Węgrzynowicz 2002; Leschen 2003; Robertson et al. 2004),
and the latter is now ranked as a subfamily ‘Erotylinae’ of
an expanded Erotylidae. The former separation of these two
groups was primarily based on their different biology, with
‘Erotylidae’ being mycophagous and ‘Languriidae’ being
phytophagous. Erotylidae belongs to the Coleoptera-
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Cucujiformia and has traditionally been assigned to its sub-
group Cucujoidea (Clavicornia). Cucujiformia is supported
as monophyletic by a number of autapomorphies (e.g.
Klausnitzer 2005; Lawrence and Newton 1982) and also
by the extensive molecular study of Hunt et al. (2007).
However, phylogenetic relationships within Cucujiformia
are widely unresolved, and Cucujoidea is very unlikely
to be a monophyletic group (see Buder et al. 2008; Hunt
et al. 2007).

Beetles and other insects have ectodermal (integumentary)
glands of two different organisational levels: simple and
compound. Simple (dermal) glands consist of a single gland
unit opening individually on the body surface; a gland unit is
composed of a few specialised cells, one or more being
secretory. In compound glands several or numerous such
gland units are combined upon a common outlet duct, which
may additionally form a reservoir. The external opening of a
compound gland is usually a fairly large pore visible through a
stereo-microscope.

Compound integumentary glands are widespread in
Coleoptera; they occur in very different positions and
produce different secretions. However, data on their fine
structure and occurrence throughout taxa are scarce.
Among the Cucujiformia, the coccinellid Semiadalia
undecimnotata has compound glands scattered over the
head capsule, mouthparts, thorax and abdomen (Barbier
et al. 1992). Most Tenebrionidae have a pair of large
reservoirs in the abdomen (Tschinkel 1975), which origi-
nate from the membrane behind the seventh visible sternite.
Anthicid and meloid beetles possess a large, paired mesotho-
racic gland opening ventrally in a slightly depressed area
(Hemp and Dettner 1997; Morgan 1968; Berrioz-Ortiz 1985).
Ciidae (Buder et al. 2008: Fig. 2) and some Erotylidae
(Coccimorphus, Erotylus; Węgrzynowicz 2002) bear a gland
associated with a hairy tuft on the first visible male
abdominal sternite. In Chrysomelidae compound glands
have been observed in several subfamilies (Pasteels et al.
1989); Chrysomelinae, Criocerinae, and some Galerucinae
have morphologically similar glands in similar positions,
mostly along the lateral and cranial margins of the
pronotum.

It is well known that the Erotylidae show a particularly
rich equipment of compound exocrine glands. Gland pores
can occur along the lateral margin of the pronotum, on the
prosternal and mesoventral intercoxal processes, on the head
anteromesal to the compound eyes, on the subgenal brace,
and rarely on the mentum and the mandibles. However,
despite this manifold occurrence of such glands over the
beetles´ body, their consideration in the previous literature is
quite sparse. The distribution of the glandular pores was
included in the phylogenetic studies of Węgrzynowicz
(2002) and Leschen (2003). McHugh et al. (1997), in his
work on the morphology of Megalodacne heros, presented

an initial insight into the morphology of such a gland of an
erotyline species, and he reported the secretion to be a clear
odorous fluid. Further observations on the internal mor-
phology as well as data on the ultrastructure of the glands
are lacking. The biochemistry of the glands has also
remained unexplored, nor is anything known about the
ecological role of the glands in Erotylidae.

The present contribution provides a detailed study of the
internal structure and ultrastructure of glands in examplar
species of Erotylidae. We focused on the pronotal compound
glands of Tritoma bipustulata, whose external openings are
situated at the four corners of the pronotum, and studied
these using SEM and TEM. In addition, we provide data on
the homologous glands in Triplax scutellaris, on prosternal
compound glands in T. bipustulata, and on dermal glands on
the pronotum of T. bipustulata.

Material and methods

Specimens

Freshly killed specimens were available from Tritoma
bipustulata (botanical garden of the University of Bayreuth,
Germany, 49°55′27,46″N 11°35′14,53″E, 357 m asl; several
males and females) and Triplax scutellaris (Bagnéres-de-
Luchon, France, 42°46′02,43″N 0°38′35,66″E, 1064 m asl;
one female).

Morphological studies, illustrations, and terminology

For SEM studies of internal structures the glands and
surrounding integument of freshly killed specimens were
dissected and macerated in 10% KOH for one day, then
rinsed in H2O and dehydrated with ethanol (25%, 50%,
75%, 100%, 30 min each). The single specimen of Triplax
scutellaris was dissected and subsequently cleaned in 2 M
aqueous solution of HCl for one day, then rinsed and
dehydrated as described above (Quennedey et al. 2002).
Afterwards the glands were transferred to acetone (first
acetone : ethanol = 1:1, then pure acetone two times). All
preparations for SEM were critical point dried (with CO2 as
transitional medium), coated with gold (Edwards S150B),
and examined with a Philips/FEI XL 30 ESEM.

For serial sectioning and TEM studies the glands of
freshly killed Tritoma bipustulata (2 ♂♂, 2 ♀♀) were
dissected. Samples were fixed for 16 h in cold 2,5%
glutaraldehyde in 0,1 M cacodylatebuffer (pH 7,3) and then
transferred to 2% agarose. Afterwards samples were
postfixed for 2 h in osmium tetroxide and for 90 min in
uranylacetate; after dehydration, samples were embedded in
Epon. The obtained resin blocks were trimmed (Leica EM
Trim) and slices of about 50 nm were made using an
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ultramicrotome (Leica Ultracut UCT). These slices were
fixed on holders and stained with 2% uranylacetate and lead
citrate; for examination a transmission electron microscope
Zeiss EM 902Awas used.

Drawings and plates were completed using the graphic
computer programmes CorelPhotoPaint vers. 12 and
CorelDraw vers. 12. The abbreviations used in the
illustrations are also used in the text. In the terminology of
glandular elements we mainly follow Noirot and Quennedey
(1974, 1991).

Morphological orientations: For the internal structures here
under consideration, we use ‘proximal’ for a location closer to
the external origin and ‘distal’ for one further remote from the
external origin. To address the two surfaces of the cuticle we
use ‘outer’ for the one facing the outer world (here usually the
lumen of some invagination), and ‘inner’ for the one facing
the interior of the body (usually in contact with epidermal
cells). This use of ‘inner’ and ‘outer’ is applied to cuticulised
body wall areas no matter whether they are level, evaginated,
or invaginated. Note that in case of invaginations (e.g. tubes)
the outer surface of the cuticle is - seen from the perspective of
the entire tube - located internal to the inner surface. We
expand this use of ‘inner’ and ‘outer’ to structures lying
beneath the cuticle, such as cell membranes.

Results

Structure of compound glands

The glands were examined initially by stereo-microscopy
and then studied by scanning and transmission electron
microscopy in Tritoma bipustulata (both sexes) and Triplax
scutellaris (female). No differences between sexes were
found in the former species.

In Tritoma bipustulata the pronotum bears a single
distinct pore in each of its four corners (one indicated by
arrow in Fig. 1b). From each pore a long, whitish (as seen
in the stereo-microscope), pennate gland extends internally,
as seen in the opened, macerated pronotum (Fig. 1a; see
Fig. 1b for spatial correlation of pore and gland).

Each gland has a central excretory duct 300–330 μm
long and 16–23 μm wide (near its proximal base), which is
usually unbranched (Fig. 1a); only in a single case we
found a dichotomy (Fig. 1c). The excretory duct is divided
in two regions: The proximal part, about 50 μm long, has a
smooth wall and lacks gland units. The much longer distal
part has a wrinkled wall and bears numerous identical gland
units (Figs. 1d, e). Observations using TEM confirm that
the wall of the excretory duct is lined with cuticle (about
1 μm thick) on its entire inner surface (Fig. 2a) and is thus
likely derived from an epidermal invagination. The outer
(lumen-facing) surface of the cuticle is even, while the

wrinkling seen on the inner (cell-facing) side of the cuticle
(Fig. 1d) is due to strong linear thickenings of the cuticle
(Figs. 2a, b).

Each gland unit consists of a large glandular ductule (gd)
13–15 μm long and a smaller lateral appendix (la) 3–4 μm
long (Figs. 1d, e). Gland units were studied by SEM
(Figs. 1d–g; macerated condition, i.e. only cuticle retained)
and TEM (Figs. 2, 3; tissue retained) and are shown
diagrammatically in Fig. 5.

Considering only the cuticular components seen in the
macerations (Figs. 1d–g), both parts (gd and la) have a
slender appearance and hardly narrow towards their distal
ends. The ductule has a fairly narrow base where it
originates from the excretory duct; ductules are easily, and
apparently in a regular way, detached from the excretory
duct along a ring-shaped rupture in this area (see scars
along midline of duct ed in Fig. 1d). Slightly further distally
the ductule is widened; from this part the lateral appendix
(la) originates sideward, having a wide base embracing most
of the ductule (arrows in Figs. 1d, f). Shortly distal to the
origin of the appendix, the ductule has a distinct constriction
(gdc in Fig. 1f, about 0,4 μm in diameter) and then becomes
wider. The surfaces of the entire appendix and of the ductule
distal to its constriction gdc are strongly spongiose (Figs. 1f, g);
this likely represents the inner (cell-facing) surface of the
cuticle in these macerated preparations.

Sections studied by TEM (Figs. 2, 3) show that the
ductule has a canal with a defined lumen. The canal is lined
with cuticle, which, however, is thinner than that along the
excretory duct (Figs. 2b, 5b). The cuticle often appears to
consist of two layers, which may represent a cuticulin
(closer to the epithelium) and an epicuticular layer as
specified in some previous contributions (Noirot and
Quennedey 1974, 1991; Quennedey 1998). Around the
opening of the ductule into the excretory duct the cuticle
forms a valve- or ringwall-like structure (rw in Figs. 2b, 5b)
of varied discreteness. The part of the canal in the proximal
half of the ductule is called the conducting canal; in this
part the cuticular wall is not perforated. The part of the
canal in the distal half is the receiving canal; here the
cuticle is penetrated by pores (white arrowheads in Fig. 3d;
Fig. 5b). Distal to the constriction of the ductule (gdc), the
cuticle is very thick and spongiose (ss in Figs. 2b, d, 3a, d);
this causes the widening of the ductule seen in Fig. 1f,
while the lumen of the ductule is not distinctly widened in
this area. The cuticular pores along the receiving canal open
into the cavities inside the spongiose layer, and there is thus
altogether a labyrinth-like system of penetrations through
the cuticle. Beyond the spongiose cuticular layer a narrow
cell was observed (gdcl, Figs. 2b, c, 3a, d, 5b, d), which
like a cap encloses the longer distal part of the ductule,
proximally almost reaching the base of the lateral appendix.
Along one flank of the ductule, the outer membrane of the
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cell is in contact with the spongiose cuticular layer, but on
the other side it is elevated from that layer, whereby a large
extracellular cavity (ec in Figs. 2c, 3a, 5b, d) is present
between cell membrane and cuticle: the central extracellular
space. Inside the cell numerous mitochondria, tubular
endoplasmatic reticulum as well as an extensive system of
vesicles and cisternae are found (Figs. 2d, 3c, e, 5d).

The lateral appendix is also enclosed by a single cell
(lacl, Figs. 2b, 3b, 5b, c). At the base of the appendix upon
the ductule, this cell embraces the widened part of the
ductule completely (Figs. 2b, 3b, 5b, c); this embracing
portion is the small right part of the cell in Fig. 5b, and the
small left part in Fig. 2b. Distally the membrane of cell lacl
is in contact with the membrane of cell gdcl of the ductule

Fig. 1 SEM pictures of com-
pound glands of two Erotylinae
species. a–g Pronotal glands of
Tritoma bipustulata after treat-
ment with KOH. a Ventral
view of inside of right half of
pronotum, anterior corner of
pronotum to the right. b Position
of gland opening corresponds
with position of externally visi-
ble pore (arrow). c Overall view
of a branched gland (arrow).
d, e Piece of main excretory
duct (ed) of gland bearing
glandular ductules (gd) and
smaller lateral appendices (la)
originating from base of glan-
dular ductules (unlabeled
arrows). f Base of a glandular
ductule (gd), with constriction
(gdc) and origin of lateral
appendix (la); the cuticular
filaments of lateral appendix
embrace the base (unlabeled
arrow). g Pieces of two glandu-
lar ductules (gd), showing their
spongiose surface. h Prosternal
gland of T. bipustulata. i Overall
view of pronotal gland of
Triplax scutellaris. Scale bars
in µm
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(Figs. 2b, d, 5b), i.e., there is no other, intercalary cell in
contact with the gland unit in between these to cells. The
nature of what is enclosed by cell lacl of the appendix—i.e.,
of the spongiose matter constituting the ‘lateral appendix la’

in the SEM pictures after maceration, Fig. 1f—is enigmatic:
It is a homogeneous mass composed of numerous filaments
(around fs in Figs. 2b, 3b, f, 5c), which originate from the
cuticular intima of the ductule (Figs. 2b, d, 3b, f). The

Fig. 2 TEM serial sections of pronotal gland of Tritoma bipustulata.
a Overall view of sectioned gland, cut nearly perpendicular to axis of
excretory duct (ed, filled), which is surrounded by several gland units
(glandular ductules, gd, and lateral appendices, la). b Proximal part of
glandular ductule with opening into excretory duct, sectioned
approximately along axis of ductule and along axis of lateral
appendix; the extracellular filamentous structure (fs) forming the core
of the lateral appendix is enclosed by a narrow cell (lacl; delimiting
membrane indicated by white arrowheads), which contains numerous
vesicles; further distally (left upper part) a second cell (gdcl;
delimiting membrane indicated by black arrowheads) encloses the
conducting canal of the glandular ductule. The conducting canal has a

lumen (lu) lined by cuticle (its distal part forming a spongiose layer,
ss). Insert: Detail of opening of a glandular ductule into excretory
duct. c Several glandular ductules (gd) sectioned nearly perpendicular
to their axes at different levels, with distal secretory cell (gdcl),
extracellular cavity (ec), and receiving canal with porous, spongiose
cuticle; non-glandular (ngc) cells between sectioned ductules. d
Proximal portion of a glandular unit sectioned approximately along
axis of glandular ductule but perpendicular to axis of lateral appendix
(of which only the narrow parts embracing the glandular ductule are
seen); extracellular cavity of glandular ductule enclosed by the narrow
secretory cell (gdcl; black arrowheads). Scale bars in µm
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persistence of the appendix—or rather of its filamentous
mass (fs)—after clearing with KOH suggests that the
filamentous structure is also cuticular in nature. The cell
lacl enclosing the appendix contains numerous vesicles
(Figs. 3b, c, d, f, 5c), and its outer membrane facing the
filamentous structure shows intense folding in some areas
(Fig. 3f).

Proximal to cell lacl, the non-glandular cells covering
the excretory duct also ensheathe the most proximal part of
the ductule (ngc in Figs. 2d, 5b). Additional non-glandular
cells were observed between the gland units (ngc in
Figs. 2b, c). Figure 2a shows that most of the pronotal
gland is embedded in non-glandular cells, only the most

distal portions of the ductules surpass this cell layer and are
in contact with the hemolymph space. Furthermore, neither
any innervation of the gland or gland units nor any muscle
cells associated with the pronotal gland were observed
(Fig. 2a).

SEM studies of a single, female specimen of a Triplax
scutellaris showed the same arrangement and basic structure
of the pronotal glands (Fig. 1i). The unbranched excretory
duct (about 400 μm long) as well as the gland units are
slightly larger than in the smaller species T. bipustulata.

The examined prosternal glands of T. bipustulata
(Fig. 1h) are very similar to those of the pronotum but
smaller (about 160 μm long). A pennate unbranched gland

Fig. 3 TEM serial sections of a
gland unit of the pronotal gland
of Tritoma bipustulata. a Detail
of glandular ductule in region of
receiving canal, cut perpendicu-
lar to axis of glandular ductule;
canal surrounded by a narrow
dense and a wide spongiose
layer (ss) of the cuticle, and the
secretory cell (gdcl); extracellu-
lar cavity (ec) in upper part.
b Detail of glandular ductule in
region of lateral appendix, cut
perpendicular to axis of glandu-
lar ductule; extracellular fila-
mentous structure (fs) enclosed
by a narrow vesicle-containing
cell (lacl). c Glandular ductule
cut perpendicular to its axis in
region of receiving canal, with
dense and spongiose (ss) layers
of cuticle, extracellular cavity,
and secretory cell (gdcl); endo-
plasmatic reticulum (er) and
numerous vesicles (v) inside cell
gdcl. d Glandular ductule cut
nearly longitudinally in region
of receiving canal; with pores
(white arrowheads) in the dense
and the spongiose (ss) cuticular
layers of canal wall, and strands
of secretion (black arrows) in
extracellular cavity. e Vesicles,
rough endoplasmatic reticulum,
and mitochondria in a secretory
cell. f Partly strongly folded
membrane (white arrowheads)
of cell (lacl) enclosing the fila-
mentous structure fs. Scale bars
in µm
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originates from each of the two prosternal pores. The gland is
also composed of an excretory duct blotched with numerous
gland units, each including a ductule and an appendix.

Structure of pronotal dermal glands

In Tritoma bipustulata we additionally examined the whole
internal surface of the pronotum, where we found numerous
tubules of dermal glands distributed over the whole area
(Fig. 4); we studied these glands by SEM after maceration
with KOH, hence only their cuticular components. Each
dermal gland consists of a single tubule, and depending on
its shape four types are recognized. All have a long, slender
proximal part, likely the conducting canal, and are abruptly
widened further distally; this dilated part is likely a receiving
canal coated with glandular cell(s) in the unmacerated
condition. Two types of glands are characterized by a smooth
and moderately wide dilatation (Figs. 4a, b); one of these
bears an additional narrow distal part (Fig. 4a; tubule ca.
55–70 μm long), which is lacking in the other one (Fig. 4b;
tubule ca. 30–33 μm long). The two other types (Fig. 4c) are
characterized by a rough dilatation, which is shorter but
wider than in the two former types. One of these types has
a narrow appendage distal to the dilatation (tubule ca.
42–47 μm long), while the other type lacks this appendage
(tubule ca. 20–25 μm long).

Discussion

Structure and function of compound glands

Concerning compound glands in Erotylidae, the descrip-
tion of the overall morphology of pronotal glands in
Megalodacne heros (McHugh et al. 1997) is the only data
avilable for comparison with our results. The glands of
M. heros show a similar pennate structure as we found in
Tritoma bipustulata and Triplax scutellaris. However,

while the pronotal and prosternal glands in T. bipustulata
and T. scutellaris most usually have an unbranched excretory
duct, the pronotal glands of M. heros show multiple
branching. This could be a phylogenetically informative
character, but might be correlated with the size of a species.

Data concerning the fine structure of integumentary
compound glands in adult cucujiformColeoptera are available
for Tenebrio molitor (Tenebrionidae; Delachambre 1973),
Semiadalia undecimnotata (Coccinellidae; Barbier et al.
1992) as well as Leptinotarsa decemlineata (Chrysomelidae;
Deroe and Pasteels 1977) and other leaf beetles (Deroe and
Pasteels 1982). In addition, there are contributions on glands
in cucujiform larvae (e.g. Bünnige and Hilker 2005).

A wrinkled cuticular surface of the excretory duct, as in
T. bipustulata and T. scutellaris, is also found in the
abdominal compound glands of many Tenebrionidae
(Tschinkel 1975) and Staphylinidae (Dettner 1987; unpaired
glands between first and second visible abdominal sternites).
According to Tschinkel (1975), this reflects an ability to
expand the reservoir. However, such a mechanism is unlikely
for our Erotylidae, where wrinkling is not due to folding of
the cuticle but to linear thickenings (the outer surface of the
cuticle of the excretory duct is smooth, Fig. 2b), which
would hardly allow for any expansion of the cuticle.

A gland unit of T. bipustulata contains a cuticular canal
and thus belongs to class III of Noirot and Quennedey
(1974, 1991). Class III gland units usually consist of three
cells arranged in succession from proximal to distal: canal
cell, intercalary cell, and sectretory (= terminal) cell.
However, in many cases the unit is made up of only two
cells, a non-secretory canal cell and a secretory terminal
cell (Noirot and Quennedey 1991). The condition in T.
bipustulata conforms with the latter arrangement (Fig. 5b):
the cell around the lateral appendix (lacl) is a canal cell, and
the one capping the glandular ductule (gdcl) is the secretory/
terminal cell. We note that the canal cell (lacl) only encloses a
short, far proximal part of the canal, while the secretory cell
(gdcl) coats the much longer distal portion.

Fig. 4 SEM pictures showing tubules of dermal glands of four
different types found in Tritoma bipustulata (after treatment with
KOH). a Tubule with smooth dilatation followed distally by a narrow
part. b Tubule with smooth dilatation and without a narrow part

further distally. c Tubules with rough dilatation, either followed
distally by a narrow part (lower tubule), or lacking this narrow part
(two upper tubules). Scale bars in µm
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In T. bipustulata the distal part of the canal of a
glandular ductule clearly appears as a receiving canal due
to the structure of its cuticle, which includes large pores in
the dense superficial layer and a labyrinth of narrower
cavities in the spongiose deeper layer (ss in Figs. 2b, d;
Figs. 5b, d). Pores and cavities together establish numerous
small open connections between the canal and the extra-
cellular cavity. In addition, the cell coating this receiving
canal (gdcl) shows clear signs of a secretory activity: It is
rich in mitochondria and endoplasmatic reticulum (but see
next section), and it includes a great amount of vesicles and
cisternae. A spongiose structuring of the cuticle along the
distal part of the canal of a gland unit has apparently not
been found before in compound glands of beetles. In many
taxa the membrane of the secretory cell facing the
extracellular cavity forms microvilli (e.g. Tenebrio molitor,

Delachambre 1973; Semiadalia undecimnotata, Barbier
et al. 1992). Absence of microvilli, as in T. bipustulata,
however, is also found in the staphylinid Philontus varians
(Quennedey et al. 2002).

The extracellular filamentous structure (Figs. 2d, 3b, f,
5c) of the lateral appendix in the T. bipustulata gland unit is
most likely derived from secretion by the canal cell, which
completely coats this structure. Furthermore, as it stands
maceration by KOH and as its filaments originate from the
portion of the canal cuticle lying in the territory of the canal
cell, it appears to be some cuticular secretion. A structure of
this kind has apparently not been reported previously for
glands of beetles or other insects. The function of the
filamentous structure and even of the entire appendix is
enigmatic: In contrast to the ductule, there is no true lumen
inside the appendix—apart from narrow gaps between the

Fig. 5 Schematic drawing of a
gland unit of the pronotal com-
pound gland of T. bipustulata.
a One gland unit upon excretory
duct, with sectional planes
shown in b, c, and d. b Longi-
tudinal section through gland
unit (compare Figs. 2b, d, 3d).
c Cross-section through proxi-
mal region of gland unit; lateral
appendix directed towards
bottom (compare Figs. 2c,
3b, f). d Cross-section through
distal region of gland unit
(compare Figs. 2c, 3a). In b, c,
and d, cuticle in dark gray
(darker outer layer) or medium
gray (brighter inner layer);
cytoplasm in light gray; contin-
uous black lines are membranes
(of cells or cellular organelles)
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filaments and between the folds formed by some parts of
the outer cell membrane (Fig. 3f). In addition, since the
cuticular intima of the proximal part of the ductule lacks
perforations (Fig. 2b), there is apparently no open connec-
tion between the core of the appendix and the canal of the
ductule, so that probably no secretions can be contributed
by the appendix. On the other hand, the conspicuous presence
of small vesicles in the canal cell might indicate a secretory
function. This would be in contrast to the usual properties of
the canal cell in class III gland units according to Noirot and
Quennedey (1974, 1991).

Musculature closely associated with insect epidermal
glands were found, for instance, in Agrypnus murinus
(Elateridae; Dettner and Beran 2000) and Semiadalia
undecimnotata (Coccinellidae; Barbier et al. 1992). An
innervation of secretory cells has been rarely reported; the
salivary gland of Periplaneta americana (Whitehead 1971)
is an example. In T. bipustulata neither particular gland
muscles nor an innervation of secretory cells were here
observed. The regular prothoracic muscles are probably
involved in the discharging of the secretion from the glands.

Among the compound glands occurring in cucujiform
beetles, those of Chrysomelinae are here of particular
interest, since like in Erotylinae some glands open along
the pronotal edges. In the chrysomeline Leptinotarsa
decemlineata (studied by Deroe and Pasteels 1977),
however, the internal structure of the glands differs strongly
from that in Erotylidae. While in the erotylids here studied
the gland units are seated upon an unbranched excretory
duct in a pennate pattern (Fig. 1a), the excretory duct of L.
decemlineata, at some distance from its opening, suddenly
undergoes dense and rich branching, each branch leading to
a gland unit. Nonetheless, considering the multibranched
condition of the pronotal gland in Megalodacne heros (see
above), this difference may not appear too striking. In L.
decemlineata a gland unit has, like in T. bipustulata,
cuticlar canals capped by secretory cells and thus also
belongs to class III of Noirot and Quennedey (1974, 1991).
Otherwise, however, the composition of a unit is very
different: it includes a triramous cuticular canal, each ramus
capped by a secretory cell. Other cells, like canal or
intercalary cells were not observed. The three secretory
cells of a gland unit are of two different types (one larger cell,
C1; two smaller cells, C2). In the smaller ones microvilli
surround the distal part of the cuticular canal, which are
conspicuous when the cell is devoid of vacuoles. These
structural differences between the chrysomeline and the
erotylids make homology of the pronotal glands unlikely.

Ecological role of compound glands

The ecological function of the various glands in Erotylidae
is unknown, and of course different glands may produce

different secretions and have different functions. Since the
glands, as far as studied herein, are similar and equally
developed in both sexes, they are altogether no good
candidates for the production of sexual pheromones. Yet it
cannot be excluded that the secretions include compounds
promoting aggregation independent of sex. Our initial
chemical examinations of pronotal gland secretions in
Tritoma bipustulata revealed that no proteinaceous com-
pounds are included (despite the presence of endoplasmatic
reticulum in the secretory cells, Figs. 3c, e). Instead, there
are numerous compounds that are generally assumed to
have antimicrobial properties, and others that would be
suited for chemical defense against arthropods (K. Drilling,
work in progress). This and the fact that many Erotylidae
exhibit striking colours, frequently in combination with
conspicuous patterns of stripes, spots, or rings, suggest that
glands in Erotylidae might have a combined anti-microbial
and defensive function.

Occurrence and structure of dermal glands

On the inner side of the pronotum of Tritoma bipustulata
we found four different types of dermal glands with a
cuticular canal (Fig. 4) probably surrounded by a single
gland unit. Similar dermal glands are known from many
insects (and may be ubiquitous), such as Dictoyptera (e.g.
Brossut and Sreng 1980; Quennedey 1969), Mecoptera
(Crossley and Waterhouse 1969), Hemiptera (e.g. Farine
1987, 1988), and Coleoptera (e.g. Staphylinidae: Kellner
and Dettner 1992; Chrysomelidae: Hilker et al. 1992;
Tenebrionidae: Delachambre 1973; Scarabaeidae: Plout-
Sigwalt 1991). They are usually distributed in large
numbers over larger areas of the body wall, but these areas
can differ among insect taxa. Nonetheless, often only the
areas studied may be different ones: Not in all beetle taxa
represented in these studies the pronotum was searched for
such glands—just as in the present study only the pronotum
was searched. Different structural types of dermal glands
are discernable in almost every examined taxon. Thus,
features concerning the structure and spatial distribution of
dermal glands could provide a new interesting character
system for phylogenetic work in Coleoptera and also in
Erotylidae.

In Scarabaeidae dermal glands are scattered over the
abdominal sternites. There is an evolutionary trend towards
a grouping and increasing differentiation of the gland units,
and a formation of reservoirs (Plout-Sigwalt 1991); this
may show how compound glands can evolve from a dense
vestiture of simple dermal glands. This is of particular
interest with regard to the rich equipment with compound
glands in Erotylidae. Forthcoming studies on this topic
could examine whether in taxa related to Erotylidae—or in
Erotylidae that lack particular gland pores present in others—
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there is a particularly dense placement of dermal glands in
those body areas where (other) Erotylinae have compound
glands. On the other hand, the cuticular structure of all dermal
gland types we found on the pronotum of T. bipustulata is
quite different from that of the gland units in the pronotal
compound gland of this species. This is somewhat in conflict
with the assumption of such an evolutionary origin of
compound glands in Erotylidae.
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