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LIGHT AND ELECTRON MICROSCOPIC ASPECTS OF GLANDS
AND PSEUDOGLANDULAR STRUCTURES IN THE LEGS
OF BEES (HYMENOPTERA, APINAE, EUGLOSSINI)
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ABSTRACT

The presence of glands and pseudoglandular structures in the legs of male and female of Euglossine bees was
studied. Insect gland cells belonging to class I or class III are present in all pairs of legs and in all leg segments.
Pseudoglandular structures are present in the male pretarsus, which lacked a typical tarsal gland. A special,
probably absorptive epidermis, is present in addition to class III glandular cells in this segment. The basitarsus
epidermis has special features which differed from other bees, and males have a tibial organ in the hind pair of
legs. Light, scanning and transmission electron microscopy of the component parts of these structures showed
that the tibial organ consists of three morphologically distinct parts, which could be distinguished in Euglossa
cordata, Eulaema mandibularis and Eufrisea violacens. However, in Exaerete smaradigina, zone 111 was absent

and there was a poorly defined zone IV.
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INTRODUCTION

The Euglossinae is a subfamily of neotropical
bees that are usually brightly metallic colored. This
family consists of four genera (Eulaema, Euplusia,
Eufrisea and Euglossa) of free living species and
two genera (Exaerete and Aglae) of parasitic spe-
cies. The free living species are solitary, commu-
nal, or quasi-social depending on species
[11,14,15,19,25,26].

Euglossine bees, mainly the males, pollinate
several families of neotropical plants, including the
Orchidaceae, Gesneriaceae, Solanaceae and
Araceae [13,21,23]. The relationship of the male
bees to these flowers has been termed the “male
euglossine syndrome” by Dressler [13] and “andro-
euglossophily” by Wiehler [24] because of the
strange behavior the bees display when visiting the
flowers.

Euglossine male bees have feathery brushes of
hairs on the front leg tarsi and greatly inflated hind
tibiae. On the outer superior border the tibiae have
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a slit with two thick rows of hard hairs [7,22]. The
males scratch the flowers with their front tarsal
brushes and transfer the fluid that exudates from
the wounded tissues to the inflated hind tibiae [12].
Roberts et al. [20] observed that Eufrisea
purpurata, an Amazonian species, often scratched
the walls of houses sprayed with DDT and tried to
collect the powder.

Orchids (and other flowers visited by
euglossine males) are very fragrant but lack nectar
and attract no other bees or insects [25]. Since these
flowers have no food for the bees, the source of
attraction is the fragrance, which the males collect
with their hind leg tibiae. The enlarged hind tibiae
contain an oval sac, usually referred as to the tibial
organ, where the collected fluid is stored [8,22].
Euglossini females have normal hind tibiae and
generally do not visit the same flowers as males.
However, the females collect pollen and nectar
from the flowers they visit.

Glandular structures have been reported in several
segments of insect legs, particularly in Hy-
menoptera [3,4,10,14,17], and are therefore ex-
pected in euglossine bees. Based on these findings,
we used light and electron microscopy to investi-
gate the occurrence of structures present in the legs
of male and female euglossine bees.
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MATERIAL AND METHODS

Foraging male and female Euglossa cordata, Eufrisea
violacens, Eulaema mandibularis and Exaerete smaradigina
were collected in the gardens of the Instituto de Biociéncias
(UNESP), Rio Claro, SP, Brasil.

The entire leg or its segments (coxa, trochanter, femur,
tibia, basitarsus and pre-tarsus) were fixed for, light micros-
copy in Dietrich fixative [2], embedded in historesin (Leica)
and processed for examination. Sections 6 um thick were
stained with hematoxylin and eosin. Legs fixed in Dietrich
were also dehydrated in an ethanol series and critical point
dried for examination by scanning electron microscopy
(SEM). The samples were sputtered- coated with gold and
viewed in a Jeol IMS-P15 (Japan) electron microscope oper-
ated at 60 kV. For transmission electron microscopy (TEM),
the leg segments or dissected tibial organs, were fixed in 2.5%
glutaraldehyde in 0.1 M sodium cacodylate buffer, pH 7.2,
post-fixed in buffered 1% osmium tetroxide, dehydrated in a
graded acetone series and embedded in Epon-Araldite mix-
ture. To improve the penetration of fixative, the tissues were
placed in a microwave oven set to maximum power for 7-8 s.
Thin sections were double stained with uranyl acetate and
lead citrate in an ultrastainer and examined in a Zeiss EM9
S2 electron microscope. Semithin sections (1 um) were
stained with 1% toluidine blue for light microscopy. Part of
the material was post-fixed in 2% osmium tetroxide in 0.1 M
imidazol buffer, pH 7.4 to detect unsaturated lipids.

RESULTS AND DISCUSSION

In addition to the tibial organ present in the
tibiae of the hind pair of legs, the euglossines have
glands in all segments of the three pairs of legs,
except for the tarsomeres (Table I).

Two types of glands were distinguished in
euglossine legs: class I or epithelial glands, and
class III or unicellular glands, based on the classi-

Table 1. Glands present in Euglossinae legs
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fication by Noirot and Quennedey [17]. As will be
shown, some structures in the legs do not fit into
the typical morphology of these or other glands
of insects.

Distribution and morphology of the glands

Table I shows the distribution of the glands and
pseudoglandular structures in all leg segments.
When a class 111 gland was present in a given seg-
ment, the secretory pores could frequently be seen
very well from the outside with SEM. Because the
difficulty in sectioning the very hard cuticle, the
presence of these pores was often the only sign of
the presence of these glands (indicated as Ap in
Table 1). In other cases, the presence of type III
glands was not observed because of the bad pres-
ervation or tearing of the material during section-
ing. In some of these cases (marked as “not ob-
served” in Table I), the existence of the gland was
assumed when previous studies had demonstrated
that it is always present in other bees. Thus, tarsal
glands have been observed in all Hymenoptera
[1,3,4,5,6,8,10,17,18] and other insects [5] stud-
ied, but were not found in E. violacens (males and
females) and in E. mandibularis (females). Never-
theless, it was assumed that such a gland exists in
these individuals. The lack of their observation
was attributed to the difficulty of obtaining good
preparations.

The glandular structures in the distal segment
of the hind legs of euglossine males are different
from those already described for bees [1,3,5,7,13].

Sex and
Species number of] Leg segments
bees
examined
Coxa Trocanter Femur Tibia Basitarsus Tarsomeres Pre-tarsus

Euglossa cordata 25 females 111 111 111 11 1? 0 TG

20 males 111 111 111 TO 1 0 TG ?
Eufrisea violacens 4 females - - - 111 1? 0 -

4 males - - - TO 1 0 -
Eulaema mandibularis | 4 females - - 11 111 - 0 -

4 males - 111 111 TO - 0 TG ?
Exaerete smaradigina | 2 females Gp Gp Gp - - 0 GG

2 males - - 111 TO - 0 TG

I = Class III gland, I=Class I gland, I ? =possible class I gland, TO = tibial organ, TG = tarsal gland, TG ? = possible tarsal gland, Gp = gland pore,

- =not observed, 0 = glands absent.
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Figure 1A. Micrographs of Euglossinae leg inner structures. Basitarsus of Fuglosa cordata showing the epidermis (e) consist-
ing of vacuolated (v) cells. B. Tibia of Exaerete smaradigna showing a single class I1I gland cell (gc) apposed to the epidermis
(e). C. Femur of E. cordata showing class III gland cell (gc) near the femur-tibial articulation. D. trochanter of E. cordata
showing gland cells (gc) near the trochanter-coxa articulation. E. Femur of E. smaradigna showing gland cells (gc) along the
dorsal side. F. TEM of class III gland cells from the coxa of E. cordata. c=cuticle, n=nucleus, ic=intracellular canal,
ec=extracellular canal. Bars: A and E =20 um, B =25 um, Cand D =30 um, F =1 um.
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Only a sac-like tarsal gland constituted of epithe-
lial cells is usually present in this segment. How-
ever, in males of E. cordata, E. mandibularis and
E. smaradigina, the presence of a differentiated
epidermis and class III gland cells was observed,
in addition to a modified sac. Thus, three different
structures are present in the pre-tarsus of these
males: 1) an outer or dorsal epidermis with projec-
tions that faced the inside of the segment and sup-
ported by cuticular cores formed by spine-like
structures that project inwards from cuticle, 2) a
thin-walled sac, apparently not secretory, which
occupied the center of the segment, and 3) a ven-
tral or inner group of class III gland cells (Fig. 1A).
Because of the difficulty in obtaining good prepa-
rations, it was impossible to confirm whether these
structures were present in all pairs of legs, although
they are present in the pre-tarsus of hindlegs

The cuticular projections consist of elongated,
spine-like structures made up of coiled fibers lo-
cated inside apical invaginations of the epithelial
cell plasma membrane. These structures penetrate
the cuticle and appear to be continuous with the
contents of the cuticle canal pores. Since adequate
preservation of this epithelium was not possible,
its ultrastructural features cannot be described,
althought they apparently contain a large amount
of fibrous elements which form a cytoskeleton.
This arrangement is also suggested by the striated
aspect of the cytoplasm seen in light microscopy.
In females of the studied species, the pre-tarsus con-
tained only the tarsal gland formed by an invagina-
tion of the epidermis, as in other bees [1,8,18].

The basitarsus of Euglossini bees (males and
females) also has a peculiar epidermis. In other bees
[8,9,10,14], the epidermis of the dorsal side of the
basitarsus is differentiated to produce a class I gland
structure [9]. In the present species, the epidermis
lining the inner surface of the segment is formed
by very large and vacuolated cells (Fig. 1A). The
vacuoles are larger towards the distal end of the
basitarsus, where they left only a very thin, outer
ring of cytoplasm. These vacuoles are apparently
empty, butin some of them it was possible to per-
ceive a layer suggestive of a cuticular lining. Since
no electron micrographs were obtained of this part
of the legs, the detailed structure of these vacuoles
cannot be described.
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The other leg segments also contain glands
(Table 1). Female tibia has only a few class III
gland cells that are closely apposed to the epider-
mis (Fig. 1B). However, in the femur (Fig. 1C,D),
trochanter (Fig. 1E) and coxa (Fig. 1F), there are
groups of class III gland cells in the outer, poste-
rior corners of the segments. The number of cells
present in Exaerete femurs (Fig. 1E) was greater
than in the other species studied. In this case, the
cells extend along the segment rather than, con-
centrating near the posterior articulation. In females
the glands are more developed than in males, i.e.,
with a greater number of cells.

TEM examination of type III gland cells in the
E. cordata coxa revealed very large irregular nu-
clei, with a prominent nucleolus and clusters of het-
erochromatin. The cytoplasm around the intercel-
lular canaliculus appeared vacuolated, which sug-
gests the accumulation of secretion (Fig. 1F).

The male tibial organ

Euglossine males have wide and thick hind leg
tibiae. A series of structures located within the leg
form the “male tibial organ”.

Cruz-Landim et al. [7] recognized three zones
in this organ. The interior of the tibia is almost com-
pletely occupied by an always inflated bag that his-
tologically consisted of two regions (Fig. 2B). A
superior or dorsal region connected to the outer slit
in the tibia represents zone I (Fig. 2A,B). This part
of the sac is very thin-walled, with an inner lining
of cuticle from which many ramified spines pro-
jected radially into the interior of the sac. These
spines form a framework that supposedly prevents
the sac from collapsing (Fig. 3A,B). Below this is
a part of the sac formed by a highly folded epithe-
lium identified as zone II (Fig. 3B). This epithe-
lium is formed by cells that are not as flat as those
of zone I and is also lined with cuticle, but with-
out spines. This part of the sac was prevented from
collapsing by the epithelial infoldings (Fig. 3A).
Zone III is represented by the modified epidermis
subjacent to the pilous outer slit. This epidermis
had features similar to those described for the
pretarsus (Fig. 2C, 3A).

The tibial organ of E. smaradigina had a dif-

ferent arrangement in wich the structures are more
delicate. Zone I has less developed spines and zone
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Figure 2. Male tibial organ. A,B,C. Tibial organ of Euglossa cordata showing in (A) a view of zones [ and III and in (B) zones
Tand II. C. Detail of zone III. D, E, F.Tibial organ of Exaerete smaradigna. Note the absence of zone I, the presence of a zone
IV and of class III gland cells (in E). c=cuticle, ep=epithelium, O=outer opening, s = cuticular spinus, Bars: A and D = 100 um,
B=50um, C,Eand F =20 pm.
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IT has fewer invaginations (Fig. 2D). Zone I1I was
absent, and instead a different zone, to referred here
as 1V, appeared behind the outer slit (Fig. 2D,E).
This zone contains a folded epithelium (Fig. 2D,F)
in a region occupied by what appears to be very
thin cells closely applosed to each other. The epi-
thelium surrounds the mass of thin cells, but its
outer surface is smooth and without folds (Fig.
2E). Class III gland cells are present between the
epithelium and the cuticle (Fig. 2E). The latter glan-
dular epithelium consists of prismatic cells with
very a well evident longitudinal striation (Fig. 2F).

Electron microscopy provided a better under-
standing of the structure of this organ. Scanning
electron microscopy showed that the hairs present
in the outer slit are hollow (Fig. 3B), and that the
cuticular projection is covered by the epidermis
(Fig. 3A), as shown in Figure 2C, formed zone I1I.
The cuticle of this region is crossed by the hair roots
and shows numerous canal pores (Fig. 3B,C,D,E).
Transmission electron microscopy showed that a
layer of oil was present on the outer surface of this
cuticle (Fig. 3D). The epithelium is formed by cells
of median height and, as seen in the pretarsus, the
epithelial cells had apical invaginations of the
plasma membrane which are filled with a substance
that continues within the cuticular canal pores
(Figs. 4A,B,C). In cross-section, a space was seen
between the cell membrane and the material that
occupied the lumen invaginations (Fig. 4B).

Scanning electron microscopy showed that the
interior of the sac in zone I is totally filled with
ramified spines. The outer surface of this sac in
zone I has perforations corresponding to the points
of spine insertion into the wall. The ramifications
of the spines were perpendicular to the axis and
forms a closed frame parallel to the sac wall. To-
wards the center of the sac, the number of branches
decreases and the framework became looser.

Sections prepared for SEM showed that the
main lumen of the spines was hollow and filled with
an oil-like substance (Fig. SA).

Zone Il was located above and external to zone
I, and separated from it by a depression beginning
at the point from where a canal enters and connects
the sac to the outside (Fig. 2D). Transmission elec-
tron microscopy showed that this part is probably
formed by an invagination of the tibial epidermis,
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and is therefore lined internally by a cuticle (Fig.
4C, 50).

The hemolymph within the tibia would bathe
the infolds of this epithelium. The epithelial cells
contain numerous lipid droplets and lipid-like
stores is seen adhering to the cuticle (Fig. 5B,C)
which in turn stains deeply by the osmium imidazol
treatment.

The description above refers to Euglossa,
Eulaema and Eufrisea. Exaerete was not studied
by SEM and TEM.

Although not seen with LM, class III cells were
seen with TEM (Fig. 5E).

The morphology of the structures just described
shows that some of them clearly have a glandular
nature, while others appear to be organs for the ab-
sorption and storage of different products. The
glandular structures are class III gland cells and
the tarsal gland present in the female pre-tarsus.
The differentiated epithelium present in the
basitarsus requires further study in order to deter-
mine the precise cell structure.

The modified epidermis present in the male pre-
tarsus and zone III of the tibia appeared to have an
absorptive function. The substances absorbed
would be those collected by the hairs present in
the outer slit of the tibia. Once inside the tibial
hemolymph, these substances may be absorbed by
zone Il spines and stored in the corresponding sac.
The relationship between zones II and III is not
clear. These two zones, although morphologically
different and spacially separated, appeared to have
a continuous lumen, the content of which appears
to be lipidic in both cases. The cells of the zone 11
epithelium also had lipid droplets in their cyto-
plasm. The quality of the TEM preparations was
not sufficient to determine whether this lipid was
imported or synthetized within these cells. Fixa-
tion with imidazol buffered osmium confirmed the
unsaturated nature of the lipid stores.

The mechanisms by which the material ab-
sorbed and stored in this organ is further delivered
to be used by the male is unclear. The presence of
an opening, independent of the slit, may indicate
that there is a local outlet for substances, different
from that for their intake. There is evidence that
the canal connected to this opening is linked to zone
III. However, there is no explanation for the ab-
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Figure 3. Cuticle of the tibia. A. SEM of zone 11l showing the cuticular spines (sp) and the epidermis (ep). Note the outer hairs
(h). B. SEM detail showing the canal (arrows) in the hairs (h). C. SEM of the canal pore (cp) in the cuticle and their root
(arrowhead) crossing the cuticle (c). D. TEM of the cuticle (c¢) and epidermis (ep) of region III. Note the oil-like material (oi)
deposited outside and the canal pores (cp). E. Hair pore (hp) and canal pore (cp) in the cuticle (¢). Bars: A= 200 um, B =150
pwm, C =50um, D and E = 1 um.

Braz. J. morphol. Sci (2001) 18(2), 81-90



88 Cruz-Landim and Franco

p—

v

Figure 4. A, B. TEM of zones II and III showing sections of the “spines” (arrows) C. Zone II showing the
epithelium (ep) and lipid (li) content. m = mitochondria; he = hemolymph. ¢ = cuticle. Bars = 1 um.
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Figure 5. A. Cross-sections of zone I spines (sp) surrounded by oil-like (oi) deposits. B. Light microscopy of zone
11 showing the folded epithelium (ep) and the lipid content (arrows) retained among them. C. TEM of one fold of
zone II showing the cuticular (¢) lining facing the lumen (Iu). Note the lipid (li) adhered to the cuticle (c¢). D.
Detail of the epithelium showing lipid (li) droplets stained by osmium-imidazol in the cytoplasm. E. Class III
gland cell in the tibia. n = nucleus, ic = intercellular canal. Bars = 1 um
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sorption of substances by zone I and for delivery
by zone II since there is no evidence for
metabolization of the sac contents by epithelial
cells. On the other hand, the lipids absorbed may
be condensed in zone II before being eliminated
through the canal connected to the cuticle.
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