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ABSTRACT 

In females of Adalia bipunctata (LINNAEUS, 1758), there are exocrine glands associated 
with the coxites that form part of the genitalia. The coxites are extended anteriorly in the 
form of a gutter with the concavity orientated towards the vagina. The edges are continuous 
with a shiny membrane that forms 4 coxal reservoir. The concave side of this gutter-like 
extension is lined by a layer of glandular cells. Their ultrastructure is typical of the type 1 
insect epidermal cells of NoiROT and QUENNEDEY (1974). The coxal cells undergo a three stage 
activity cycle that is synchronised with the ovarial activity and correlated with ladybird age. 
The huge development of the smooth endoplasmic reticulum in the third stage of the activity 
cycle indicates that terpenoid substances are produced. On the basis of behavioural observa­
tions we suggest that these exocrine glands have a role in the sexual behaviour of 
A. bipunetata although we cannot exclude a role in the chemical protection of eggs. 
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1 
INTRODUCTION 

In the course of a histological study of the genital tube in the female Adalia 
bipunctata (LINNAEUS, 1758) to determine the effect of climatic and trophic condi­
tions on reprod11ctive activity, our attention was attracted by a shiny, kidney­
shaped organ on either side of the vagina. Prelirninary observations indieated that 
these organs are exocrine glands associated with the genitalia (HEMPTINNE, 1989). 
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In this paper we describe the morphology of the genitalia, the ultrastructure of the 
exocrine glands and discuss their role in ladybird reproduction. 

This is the first report of exocrine glands in Coccinellidae ; a family for which 
no pheromone has been reported (BLUM, 1985 ; HABORNE, 1988). A few papers 
suggest that chemical mediators could play a role in the sexual behaviour of these 
beetles. RICHARDS (1980) recorded that adult males of Leptothea ga/bu/a (MULSANT, 
1850) guard female pupae and wait for the females to emerge. This guarding 
behaviour is thought to be linked with the production of a sex pheromone by both 
the pupal and teneral adult stages of the females. ÜBATA (1987) suggested that in 
Harmonia axyridis PALLAS, 1773, mating is triggered by chemicals secreted by the 
females. 

MATERIALS AND METHODS 

Experimental insects 

Observations were made in the laboratory on adults of A. bipunctata fed a 
mixture of instars of the pea aphid (A cyrthosiphon pisum HARRIS, 1776). The beetles 
were housed in an environmental cham ber at 21 + 1- 1 oc and a 16L:8D 
photoperiod. Fourth instar larvae were isolated in Petri dishes and their sex when 
teneral adults was determined by checking the shape of their last abdominal seg­
ment. Beetles were mated when 24 h old. 

HEMPTINNE (1989) has established that there are three main phases of reproduc­
tive activity in this ladybird and studied the exocrine cells associated with the geni­
talia in individuals in each of these phases. In the first phase young adults (age : 
1-4 days) did not display any sexual activity ; in the second phase adults (age : 5-
10 days) began to copulate and in the third phase adult females (age : 11-21 days) 
began egg laying. 

Light microscopy 

General staining method 

The abdomens of the female beetles were eut off, fixed in Bouin-Hollande solu­
tion and embedded in paraffi n wax. After embedding, the specimens were softened 
in Mollifex® (Gurr) for 24 h and seriai sections were eut at a thickness of 7 J..lm . 
These sections were successively stained with Heidenhain's iron hematoxylin, 
phloxine and light green. This technique was used to determine the relationship 
between the activity of the exocrine cell s and the reproductive activity of the 
females. 

Specifie staining methods 

Lipids : the abdomens of female beetles were eut off, dipped in liquid nitrogen 
and sectioned in a cold-chamber cryostat. The sections were stained with Sudan 
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black B. In addition, the genitalia of sorne females were dissected, pared of fat and 
directly treated with the same stain. 

Mucopolysaccharides : PAS, Alcian blue (pH 1 and pH 2,5) and 7 biotinylated 
lectins, provided in an ABC kit by Vector Lab. (Burlingame, CA, USA), were 
applied to seriai sections prepared as above. The staining technique based on the 
glucidic specificities of the lectins involved three steps : first , the sections are 
incubated with biotinylated lectins that bind to their target glucoside ; secondly, an 
avidin-biotin-peroxidase complex reacts with the biotin attached to the lectin and 
thirdly, the peroxydase radicals appear as brown dots after treatment with a 
mixture of 3-3'-diaminobenzidine (3-3'-DAB) and H 20 2 (SHARON and Lrz, 1989). 

Electron microscopy 

The beetles were dissected in Ringer solution and their genitalia prepared for 
transmission microscopy. The specimens were fixed for 24 h at 4oC in a solution 
of 2.25 % paraformaldehyde and 2 % glutaraldehyde in a cacodylate buffer 
(0.1 M ; pH 7 .5). They were subsequently rinsed in the buffer bef ore being post­
fixed for 1 h at 4oC in a solution of 2 % Os04 in the same buffer. Dehydration and 
embedding in EPON 812 preceded staining with uranyl acetate and lead citrate. The 
grids were examined with a Philips EM 202 microscope. 

RESULTS 

General description 

The genitalia of female A . bipunctata are made of one coxi te and one pleurite 
on either side of the vagina with the IO'h arc-shaped tergite positioned between 
them. The coxites which are roughly discoïdal in shape, extend anterio rly in the 
form of a gutter, which runs in a plane a t right angle to the main part of the coxite. 
The concavi ty of this gutter-like ex tension is orienta ted towards the vagina and its 
edges continue as a shiny membrane that forms a coxal reservoir, which encloses 
the convex side of the gutter. This reservoir has an aperture at the point where it 
meets the main part of the coxite. The concave side of the gutter is lined by a layer 
of gland cells. Posteriorly each coxi te bears a group of chemosensory setae (PL. lA 
and lB). 

Ultrastructure of the gland ceUs 

Whatever the age of the females, the gland cells show the following characters. 
The apica l surface is invaginated to form a prominent cavity li ned with microvilli. 
This cavity is connected to a spherical hollow located inside the 4 11m thick 
cuticular intima and filled with entangled filaments. These two cavities are joined 
by a thin neck . The cells have an approximately ellipsoïdal nucleus with 



• 

30 J.-L. HEMPTINNE, M. LECLERCQ-SMEKENS AND J. NAISSE 

euchromatine regularly dispersed in the nucleoplasm. Their lateral membranes are 
thrown into a series of folds and adjacent cells are attached to each other by junc­
tional complexes (apical septate desmosomes and zona occludens) (Pl. IC). The 
microvilli, each about lOO nm in diameter, contain microfibrils around a tubular 
structure (Pl. liA). The electron dense entangled filaments inside the extracellular 
reservoir have a diameter of about 16 nm. In the vicinity of the cuticle, they seem 

T7 

A 

PLATE 1 

General morphology of the genitalia and associated gland cells in female Adalia bipunctata. 

A : Diagram of a sagittal section through the abdomen showing the position and the rela­
tionship between the different parts of the genitalia. 

B In toto preparation of the genitalia with the coxal reservoirs (cr) stained with Sudan 
black. 

C Diagrammatic representation of a typical gland cell associated with the genitalia . 

Legend of the symbols 
c : coxite ; cr : coxal reservoir ; cu 1, cu 2 and cu 3 : respective! y endo-, exo- and 
epicuticle ; de : cribellarium ; ds : septate desmosome ; ev : endocytosis vesicle; g : 
glycogen ; ga : Golgi apparatus; ib : infolding of the basal membrane ; lb : basement 
membrane; ly : lysosome; mi : mitochondrion; mv : microvillus ; mt : microtubule ; n : 
nucleus; ol : la teral oviduct; p : pleurite ; r : extracell ular reservoir ; rer : granular 
endoplasmic reticulum ; ser : smooth endoplasmic reticulum ; sv : secretory vesicle ; s7 and 
s8 : 7'h and 8'h sternite ; t7, t8 and tlO : respectively 7'h , 8'h and IO'h tergite; v : vagina. 
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PLATE II 



32 J.-L. HEMPTINNE, M. LECLERCQ-SMEIŒNS AND J. NAISSE 

more ordered, converging towards the extremities of little tubular infoldings, each 
about 130 nm in diameter. There are at !east 10 of these infoldings forming a per­
meable area or cribellarium at the outer cuticular surface (Pl. IC and Pl. IlE). 

At the base of the epithelium, there are numerous haemocytes, probably 
spherulocytes in a very active condition with weil developed granular endoplasmic 
reticulum (RER), large Golgi apparatus and many secretory vesicles that are 
released into the haemolymph inside the coxite gutter. 

The general morphology of the secretory cells of the coxites changes with the 
age of ladybirds. 

Stage 1 

The cytoplasm has a low electron density and contains the following organelles : 
elongated mitochondria with a dense matrix, mainly situated close to the 
extracellular reservoir as weil as inside the spaces between the infoldings of the 
basal membrane. There are many free ribosomes. The RER is wide spread in the 
cytoplasm whereas the poorly developed smooth endoplasmic reticulum (SER) is 
located in the vicinity of the basal and lateral membranes. The Golgi apparatus 
releases sorne small vesicles containing a flaky electron dense substance. There are 
also lysosomes and multivesicular bodies, numerous microtubules and granules of 
stored glycogen (Pl. liB). 

The extracellular reservoir is regularly ovoid. The presence of mitochondria 
between the infoldings of the basal membrane, evidence of basal endocytosis, and 
the vesicles from the Golgi apparatus ali indicate that the cells are becoming active. 
In light microscopy, the cells display a basophilie cytoplasm and a small trans­
parent ovoid reservoir. 

Stage 2 

The cytoplasm has a higher electron density than in the previous stage. The 
infoldings of the basal membrane are more prominent (Pl. IIC) and the external 

PLATE Il 

Electron micrographs of gland cell s at different stages of maturation. 

A : Deta il of a cross section of the microvilli lining the extracellular reservoir. 
B : Cytoplasm of a gland cell at stage 1. 
C : Cytoplasm of a gland cell at stage 2 ; the microvilb (mv) are packed in the extracellular 

reservoi r. 
D : Detai l of the basal membrane of a gland cell at stage 2. T he infoldings of the mem­

brane (ib) are prominent and the external space between them contain vesicles of 
endocytosis (ev). 

E : Cytoplasm of a gland cell at stage 3. 

Legends of the symbols as in Plate I. 
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spaces between them contain small vesicles (Pl. IID) that apparently resulted from 
the fragmentation of bigger ones produced by the spherulocytes. The intensity of 
the basal endocytosis is greater and the SER is more extensive. The smaH vesicles 
released by the Golgi apparatus (see stage 1) are more abundant and aggregate at 
the base of the microvilli. These are longer than in the first stage and are tightly 
packed in the extracellular reservoir into which they extend (Pl. IIC). Under a light 
microscope, the cells have a basophilie cytoplasm but the extracellular reservoirs are 
no longer visible. The cellular secretion begins to reach the coxal reservoir through 
the cribellarium. 

Stage 3 

During this stage, the cells reach their maximum electron density and the 
extracellular reservoirs again become visible because they are dilated by the secre­
tion (Pl. IlE). As a consequence of the increase in volume, the microvilli become 
separated. The basal endocytosis remains intense but more striking is the extensive 
SER and large lysosomes filled with lamellar structures. Under a light microscope, 
the extracellular reservoirs are visible and full of secretion but the cytoplasm is no 
longer basophilie. 

The extensive development of both the SER and RER suggests that the coxal 
cells produce lipid-like substances, proteins or glycoconjugates. The specifie dyes 
used strengthened this hypothesis. The cytoplasm reacted positively to the PAS test 
and to tests with Alcian blue at pH 1 and 2.5 indicating the presence of neutra! and 
acid mucopolysaccharides. Among the Iectins, only Con-A and SBA reacted with 
the cells. The former, which reveals the presence of a-D-mannose or a-D-glucose, 
was strictly located near the basal membrane infoldings while the latter which 
reveals a-D-galactose or N-acetylgalactosamine groups, was associated with the 
filaments inside the extracellular reservoir. The coxal cells of complete genitalia 
stained strongly with Sudan black (Pl. lB). Frozen sections always shrank badly 
probably because we did not find the equivalent of Mollifex® for cuticle softening 
for cryostat. These sections were unsuitable for pinpointing cells with an affinity for 
the dye. 

Correlation between the morphology of the glands and the reproductive activity of the 
fern ales 

Young females (1 to 4 days old) do not show any sexual activity and their coxal 
cells are mainly at stage 1. Females from 5 tot 10 days old mainly have stage 2 cells 
while older ones (Il to 21 days old) are at stage 3 (Tab . 1 ; contingency coefficient 
c = 0.63 , P < 0.001) . HEMPTINNE (1989) also found that ovarial activity also 
showed three stages. In the first the gonads had differentiated or growing oocytes, 
the second, oocytes engaged in vitellogenesis and in the tbird chorionated oocytes 
in the oviducts. As for the coxal glands, ovary maturation is posi tively correlated 
with female age ; the third stage is significantly more frequent in 12-2 1 days o ld 
beetles (Tab. 1 ; contingency coefficient c = 0.56, P < 0.00 1). In addition, the fre-
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quencies of beetles with immature ovaries and stage 1 coxal cells in the three age 
groups of ladybirds are identical as are those with mature ovaries and stage 3 coxal 
cells (Tab. 1, P > 0.05). This highlights synchronisation between ovarial and coxal 
gland activity. 

TABLE 1 

Frequencies (in %) of the maturation stages ( 1, 2 and 3) of the avaries and the coxal glands 
in females of A. bipunctata 1-4, 5-10 and 11-21 days old 

Age group (in days) Ovaries (%) 

n 1 2 3 

1-4 15 66.7 26.6 6.7 
5-10 43 16.3 32.5 51.2 

11-21 50 2.0 10.0 88.0 

Legend : n = number of coccinellid beetles observed ; 
maturation stage : see text for description ; 

Coxal glands (%) 

n 1 2 3 

15 80.0 13.3 6.7 
37 13.6 48 .6 37.8 
43 4.7 9.3 86.0 

frequencies of ovary and coxal gland stage 1, 2 and 3 do not differ significantly in 
each age group (two by two proportion comparisons, P > 0.05). 

DISCUSSION 

The morphology of the gland cells associated with the coxites in female 
A. bipunctata is characteristic of the type 1 insect epidermal cell of NOIROT and 
QUENNEDEY (1974). They release their secretion into an extracellular reservoir which 
does not communicate directly with the outside. The integument above this reser­
voir is, however, modified into a thin permeable an~a (the cribellarium), which 
facilitates the export of the cells ' products into the coxal reservoir. This latter 
encloses the convex side of the coxal gutter. 

Three stages of cel! activity were recognised. In the first stage, the cells displayed 
a low leve! of activity. During the second stage, the rnicrovilli became so prominent 
that they completely invaded the extracellular reservoir. This resulted in a further 
increase in the surface area of the reservoir in order to accommodate the secretion 
released during the third stage. A similar concomitant development of microvilli 
and reservoir has also been described in Periplaneta americana (LINNAEUS, 1758) 
(G UPTA and SMITH, 1969) and Schistocerca paranensis (B~ISTER , 1861) (HAWKES 
et al., 1987). T he most importa nt organelle in the gland cells in the third stage is 
the SER. T his feature generally indicates the production of terpenic or steroidic 
substance as has been observed in the corpora alla ta (SMITH, 1968), the Leydig cells, 
the hepatocytes and the yellow bodies (ALBERTS et al., 1983 ; PORTER and BoN­
NEVILLE, !969; FAWCETT, 1966; SCHOENMAKERS et a/. , 1977 ; T HREADGOLD, 1976) 
as weil as oenocytes that secrete cuticular lipids (LocKE, 1969) . M oreover, the SER 
is also weil deve loped in the defensive cells of Ocypus olens M ÜLLER, 1764 and 
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Drusilla canaliculata (FABRICIUS, 1787), where it is invo1ved in the synthesis of 
hydrocarbons and aldehydes (ARAUJO, 1978). The activity of the coxal cells and of 
the ovaries is synchronized and correlated with ladybird age. 

The morphology of the genitalia is used as a taxonomie character in coccinellid 
beetles (SASAJI, 1968) but there is no report of exocrine glands associated with the 
genitalia in any other species than A. bipunctata. However we have observed similar 
structures in Coccinella septempunctata LINNAEUS, 1758 and Propylea quatuordecim­
punctata (LINNAEUS, 1758). 

Our observations combined with information on ladybird behaviour suggest two 
possible roles for the coxal glands : they could be involved, firstly in egg laying, and 
secondly in mating behaviour. 

Coxal glands and egg Iaying 

The eggs of A. bipunctata are bright yellow and laid in batches on plants where 
aphids are thriving (HoDEK, 1973). Thus, the eggs are exposed to predators that 
forage on the leaves as do the ladybirds (PRICE et al., 1980 ; CARTER et al., 1984). 
In such circumstances the evolution of a chemical protection for the eggs would be 
favoured. This kind of defence has been widely recorded in the chrysomelid beetles 
(PASTEELS et al. , 1986, 1988) and the seven-spot ladybird (TURSCH et al., 1971 ; 
PASTEELS et al., 1973) where the eggs are defended by a maternai allomone 
produced and incorporated into the yolk during oogenesis (PASTEELS et al. , 1986). 
This however does not rule out the possibility of there being a protective coating 
in sorne species (HINTON, 1981 ). Th us the coxal gland secretion in A . bipunctata 
may serve as glue to attach the eggs to plants and/or as a defensive coating. Of 
these two hypotheses, the second is more likely because terpenoid substances a re 
better suited to a protective function than to an adhesive one (HARBORNE, 1988; 
PASTEELS et al., 1986, 1988). Moreover, the bursa copula trix epithelium secretes 
huge quantities of mucopolysaccharides (HEMPTINNE, 1989) which could act as glue. 

Coxal glands and mating behaviour 

The description of the mating behaviour of H. axyridis by 0BATA (1987) 
suggests that males recognize females by mean of a chemical eue. Similarly during 
the courtship of A. bipunctata , the male generally palpa tes the apex of the abdomen 
of its mate before attempting copulation. Palpation occurs Jess frequently when 
males are offered freshly killed males (3 h in a freezer) or freshly killed females 
washed in ethanol for 24 h than wi th fresh ly killed females. The application of an 
ethanol extract of the coxal glands to the females previously washed in ethanol 
restored their attractiveness to males (HEMPTINNE and MABLLDE, own unpublished 
observations). Although this needs to be confirmed, it is put forward as evidence 
that coxal cells may synthesize a sexual pheromone. ln A. bipunctata, these cells 
commence their secretory activity when the females are approximately 5 to 10 days 
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old (Table 1), at the time when the first copulations are recorded (HEMPTINNE, 

1989). 

Further research is needed to discriminate between these two hypotheses, i.e. 
whether the coxal glands are involved in egg protection or in the production of a 
sex pheromone. Nevertheless, our observations indicate that various chemicals are 
important in ladybird ecology and behaviour. An accurate knowledge of the nature 
of these signais and of their role will improve our understanding of ladybird pop­
ulation ecology and, hopefully, have a posilive effect on the design of aphid biologi­
cal control programs. 
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