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ABSTRACT
The metathoracic scent glands (MTGs) system of adult Rhaphigaster nebulosa (Heteroptera: 

Pentatomidae) was described by electron microscopy and secretion from them was analysed by a 
combination of gas chromatography and mass spectrometry (GC-MS). The MTGs is anatomically 
complex. It opens ventrally by paired openings located between the metathoracic furcae. It belongs to 
the paired MTG type and comprises on each side: median reservoir, lateral glands and evaporation 
surfaces. Median reservoir is sac-like and flanked by multitubular lateral glands. It is interconnected by a 
narrow bridge in the ventral mid-line. Metathoracic coxae are associated with crescent-like evaporation 
areas. Chemical analyses showed a typical pentatomid MTG composition. The glands of R. nebulosa 
males and females contain 9 same compounds: n-undecane, n-dodecane, n-tridecane, n-nonacosane, 
(E)-2-hexenal, (E)-2-octenal, (E)-2-decenal, (E)-2-hexenyl acetate, 2(5H)-furanone being the two major 
compounds n-tridecane and (E)-2-hexanal, which represent 90-95% of the secretion in the this species. 
The compounds n-tricosane, (Z)-cyclodecene, and (E)-2-decen-1-ol were detected only in females, while 
n-tetracosane, n-hexacosane, and 1-tridecene were detected only in males.

Keywords: Electron microscopy, gas chromatography-mass spectrometry, Rhaphigaster nebulosa, scent 
glands.

INTRODUCTION
In previous works (Nagnan et al., 1994; Zarbin et al., 2000; Durak & Kalender, 

2007a,b,c) the authors made some observations on the anatomy and chemical 
structure of the MTGs of Heteroptera. Some species of the order Heteroptera have 
well developed metathoracic dorsal abdominal, ventral abdominal, sternal and 
Brindley’s glands or secretory setae (Oliver et al., 1985; Aldrich, 1988a). A single or 
a pair of median or ventral scent glands is usually found in the metathoracic region of 
Heteroptera (Carayon, 1971). Their MTGs are composed of a reservoir and a pair of 
lateral glands (Waterhouse & Gilby, 1964; Santos-Mallet & De Souza, 1990; Nagnan 
et al., 1994; Durak, 2008).

Stink bugs produce various communication or defensive volatile chemicals in 
large, well-defined, and usually colored metathoracic glands. The most often found 
compounds are saturated linear hydrocarbons, short-chain unsaturated aldehydes, 
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(E)-4-oxo-2-alkenals and unsaturated esters, such as n-undecane, n-tridecane, 
(E)-2-hexanal, (E)-2-octenal, (E)-4-oxo-2-hexenal, (E)-2-octenyl acetate (Aldrich 
1988a; Durak & Kalender, 2007a,b,c; Moraes et al., 2008). These chemical are 
released when the insects are disturbed or molested.  They may have a role as 
alarm pheromones (Kou et al. 1989), as has been demonstrated for similar types of 
compounds produced by bug species in other families (Gunawardena & Bandumathie, 
1993; Leal et al., 1994). Stink bug defensive compounds have received considerable 
study, in part because they constitute such an obvious defense, and because they 
are produced in simple mixtures in comparatively large quantities, making them easy 
to analyze and identify (Ho & Millar, 2001).

As showy and often abundant insects, pentatomid have been studied more than 
other stink bugs (Heteroptera) (Aldrich, 1988a; Borges & Aldrich, 1992; Durak & 
Kalender, 2007c; Pareja et al., 2007; James et al., 1996). Rhaphigaster nebulosa 
(Poda, 1761) lives on Gramineae (Lodos, 1986). This bug is an important pest of 
economic crops. They are known as the stink bugs because they usually retaliate by 
discharging volatile secretions from their MTGs when they are disturbed or molested. 
In general, chemical analyses were done on most of the stink bugs especially Pentatomidae. 
But there are few studies on the structure of the scent glands.

The main purpose of the present work was to characterize morphology and 
chemical compouds of the metathoracic glands of R. nebulosa and to identify those 
compounds that elicit a physiologic approach compared to other species. 

MATERIAL AND METHODS

Insect material
Adult R. nebulosa were collected from various Gramineae in Ayas, Ankara, Turkey, 

during June through September, 2007. Insects were reared and maintained at 22-24 
oC and 70% RH with a 12:12 light-dark photoperiodic regime in plastic jars in the 
laboratory. Bugs were maintained on fresh host-plants until dissection. The insects 
were dissected in insect saline solution  (0.7% NaCl + 0.3% KCl) (Santos-Mallet & 
De Souza, 1990).

Scanning electron microscopy (SEM)
For scanning electron microscopy the thoracic region was dissected,  and the MTG 

(reservoir and glands) were fixed for 3 h with 3% glutaraldehyde in 0.1 M sodium 
phosphate buffer (pH 7.2). After washing in the same buffer, the MTGs were post fixed 
with 1% osmium tetroxide in 0.1M sodium phosphate buffer, dehydrated in graded 
ethanol, dried using 1,1,1,3,3,3- hexamethyldisilazane, and coated with gold. The 
observations were made in a Jeol JSM 6060 scanning electron microscope.

Chemical analysis
The MTGs (15 males and females) were removed and immersed in ~100 µL analytical 

grade n-hexane which was distilled from calcium hydride (CaH2) and stored at -20 oC. 
Extracts were analyzed (~2 µL of the extract) by splitless coupled gas chromatography-
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mass spectrometry (GC-MS) with an Agilent 6890 series fitted with a HP-5 MS column 
(30m x 0.25 mm I.D. x 0.25 μm film) and interfaced to an Agilent 5973 mass selective 
detector (electron impact ionization,  70 eV). The GC was programmed at 50 oC/ 2 
min then 5 oC/ min to 250 oC, with injector and transfer line temperatures of 250 and 
280 oC, respectively, with helium carrier gas. Compounds were tentatively identified 
by GC-MS, and identifications were confirmed by comparison of the retention times 
and mass spectra with those of authentic samples. The molecular structures of 
compounds were determined by a comparison of the recorded mass spectra with the 
reference spectra of the NIST and WILEY library and coinjections of the extracts and 
synthetic compounds on the 2 columns. The relative proportions of the compounds 
in the extracts were obtained by integration of the GC-peak areas.

(E)-2-octenal (Aldrich Chemical Co.) (E)-2-decenal, n-dodecane, n-undecane, 
(Z)-cyclodecene, n-tetracosane, n-hexacosane (Fluka Chemical Co), (E)-2-hexenal, 
n-tridecane, 2(5H)-furanone standards, and hexane (Merck Chemical Co.) were used.

RESULTS

Scanning electron microscopy (SEM) results
In SEM investigations the MTGs of R. nebulosa posses a well developed reservoir 

and paired glands located in the upper-lateral region of the reservoir (Fig. 1A). The 
reservoir being bag-shaped. There are irregular projections and intrusions on its 
surface. The glands is multitubular (Fig. 1B). The ostioles located between the 2nd 

and 3rd coxae open to the outside. The MTGs open through paired ostioles. In R. 
nebulosa ostioles have a globular shape. A groove-like structure extends downwards 
from the ostiole (Fig. 1C). While this structure is long and wide, its ostiole is circular. 
This structure is named the ostiolar groove or peritreme. Mushroom-like structures 
exist on the surface of the evaporation area. Generally six ridges extracted from each 
mushroom-like structure and these are connected to other mushroom-like structures. 
Moreover mushroom-like structures are tightly connected to each other by numerous 
trabecules found under the ridges (Fig. 1D). These globular structures are slightly 
concave in the center and have irregular projections.

Gas chromotography-mass spectrometry (GC-MS)
Analyses of MTG of R. nebulosa were carried out separately for both sexes. 12 

chemical substances were determined both in females and males (Table 1). Quantitative 
and qualitative compositions of same substances differ in both sexes. In the females of 
R. nebulosa the following substances were found: 5 alkanes (n-undecane, n-dodecane, 
n-tridecane, n-tricosane, n-nonacosane), 1 cycloalkene [(Z)-cyclodecene)], 3 
unsaturated aldehydes [(E)-2-hexenal, (E)-2-octenal, (E)-2-decenal], 1 unsaturated 
ester [(E)-2-hexenyl acetate], 1 unsaturated alcohol [(E)-2-decen-1-ol]  and 1 lactone 
[2(5H)-Furanone]. In the analyses of MTGs of females of R. nebulosa n-tridecane 
(55.44%) was determined in the largest amount and (E)-2-decen-1-ol (0.03%) 
was determined in the smallest quantity (Fig. 2 and Table 1). In the males of R. 
nebulosa the following substances were found: 6 alkanes (n-undecane, n-dodecane, 
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n-tridecane, n-tetracosane, n-nonacosane, n-hexacosane), 1 alkene (1-tridecene), 3 
unsaturated aldehydes [(E)-2-hexenal, (E)-2-octenal, (E)-2-decenal], 1 unsaturated 
ester [(E)-2-hexenyl acetate], 1 lactone [2(5H)-Furanone]. In the chemical analyses 
of MTGs of males of R. nebulosa n-tridecane (66.51%) was determined in the largest 
amount and n-undecane (0.17%) was determined in the smallest quantity (Fig. 3 and 
Table 1).

GROUP Chemical Compounds
R. nebulosa

Female % Male %

ALKANES

n-undecane 0,13 0,17

n-dodecane 0,93 1,14

n-tridecane 55,44 66,51

n-tricosane 0,11 n.d

n-tetracosane n.d 0,38

n-nonacosane 0,34 0,30

n-hexacosane n.d 0,34

ALCENES
(Z)-cyclodecene 0,61 n.d

1-tridecene n.d 0,25

ALDEHYDES

(E)-2-hexenal 37,37 24,38

(E)-2-octenal 0,63 1,79

(E)-2-decenal 0,61 1,21

ESTERS (E)-2-hexenyl acetate 0,33 0,21

ALCOHOL (E)-2-decen-1-ol 0,03 n.d

LACTONE 2(5H)-Furanone 2,40 3,04

Table I. Percentages of compounds in metathoracic scent secretion of female and male of R. nebulosa, 
n.d= not detected

DISCUSSION
The scent gland system of Heteroptera constitutes a principal autopomorphy of the 

suborder. Exocrine glands are connected to the lateral glands by a canal in the apical 
surface, and usually secrete volatile odoriferous substances, principally as means of 
chemical defence against predation. It is best developed in Pentatomidae where, in 
the adult, the glands open externally by paired ostioles on the metapleura (Carver, 
1990). There are two types of MTGs in Hemiptera, the diastomian and the omphalian 
types (Carayon, 1971). In R. nebulosa, the MTGs belong to the diastomian type with 
scent glands always open to the outside with two ostioles. There is an ostiole between 
the 2nd and 3rd coxae in R. nebulosa. The ostiolar grooves are long while the ostiole 
structures are circular. After secretion through the ostiole, the contents of the MTGs 



25Scanning Electron Microscopic and Chemical Study

spread out from this region via the ostiolar groove. Therefore the ostiole, the ostiolar 
groove and their surroundings are termed the evaporation area.

In the evaporation areas, polygonal mushroom-like structures are connected to 
each other via many trabecules. No differences in the MTGs of males and females 
were observed. The contents of the MTGs are secreted through the ostiole (Carayon, 
1971). The structure of the ostiole shows differences between species (Davidova-
Vilimova et al., 2000; Eger & Baranowski, 2002). In the study of Kamaluddin & Ahmad 
(1988), five new stink bug species belonging to the subfamily Phyllocephalinae of the 
family Pentatomidae were described with special reference to MTGs ostioles placed in 
systematic keys and diagnostic features. R. nebulosa contains a metathoracic scent 
gland ostiole with ostiolar groove and surface of evaporation with a mushroom-like 
structure. These structures can be used in identification keys for R. nebulosa and 
compared with other species of the same genus in future studies.

The chemical compositions of Heteroptera exocrine secretions have been 
extensively studied, especially in Pentatomidae and Coreidae (Blum, 1981; Aldrich, 
1988a, Marques et al., 2007, Moraes et al., 2008). Chemical analysis of the MTGs in 
both sexes of R. nebulosa revealed many compounds in every individual. There is a 
far greater basic similarity within the families of Pentatomidae bugs (Waterhouse et al., 
1961; Nagnan et al., 1994; Ho & Millar, 2001). It is not know how the various secretions 
components interact. Some of these compounds are thought to be sex pheromones. 
In this regard, our observations reveal existence of numerous components that are 
characteristic of male or female. As suggested by Aller & Caldwell (1979), aggregation 
pheromones may serve as sex pheromones by promoting the encounters between 
the males and females. Release of sex pheromones by females and males has been 
demonstrated in various heteropteran families (Aldrich et al., 1986; Aldrich, 1988b). 
Regarding the qualitative variations of composition of MTGs secretions, an exclusive 
aggregative function for these glands is questionable and needs further investigation.

Chemical analysis showed that the aldehydes and hydrocarbons found in the 
MTGs in a number of Heteroptera have a dual function. These compounds exerted 
different effects according to either high or low viscosity (Farine et al., 1992). The 
aldehydes and esters are strongly scented and are strong irritants, providing both a 
warning signal and a strong defense. The function of the hydrocarbons is less clear, 
but they may serve as solvents and as controlled-release substrates for the more 
volatile aldehydes (Remold, 1962; Gunawardena & Herath, 1991). In this present 
chemical data, 3 aldehydes, 6 hydrocarbones (5 saturated hydrocarbones, 1 alkene) 
and 1 ester were identified in the females, 3 aldehydes, 7 hydrocarbones (6 saturated 
hydrocarbones, 1 alkenes) and 1 ester were identified in males R. nebulosa. These 
components may serve strong defense, irritants, and a warning signal in R. nebulosa.

A dual role of (E)-2-hexenal was found for Nezara viridula and some species of 
Pentatomidae: this compound becomes an attractant at low concentrations and a 
repellent at high concentrations. In this species, various concentrations of n-tridecane 
cause the same reactions (Farine et al., 1993). (E)-2-hexenal and n-tridecane were 
identified in males and females of R. nebulosa.
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(E)-2-decenal is a compound that is one of the most toxic chemicals within the 
defensive secretion. It is not tolerated by many insects in high concentrations (Gilby & 
Waterhouse, 1965). (E)-2-decenal was detected in females and males of R. nebulosa.

The alkanes n-dodecane, n-tridecane and n-undecane compounds were identified 
as toxic, irritant or repellent (Borges et al., 1999, 2007). They are released by stink 
bugs in response to disturbance, showing that they are responsible for chemical 
defenses and may also have the same function in R. nebulosa. 

Special features of R. nebulosa can be pointed out in this paper. The first one 
concerns the structure of the lateral multitubular glands and reservoir. Adults produce 
large quantities of strong-smelling and irritating defensive chemicals in large, 
well-defined, and usually colored metathoracic glands. The second one concerns 
the chemicals of MTGs. The aldehydes and esters identified are strongly scented 
and strong irritants, providing both an easily detected warning signal and an effective 
defense. The function of the hydrocarbons is less clear, but they may serve as solvents 
and as controlled-release substrates for the more volatile aldehydes. The composition 
and structure of the MTGs have been identified and quantified in many Heteroptera, 
the biological function of each compound in the scent secretion still needs further 
study. So, MTGs compounds of R. nebulosa reported in Table 1 are probably the 
major contributors to the odours of the Pentatomidae investigated.
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Fig. 1a-d. 1a. Scanning electron micrograph metathoracic scent glands and structures associated with 
R. nebulosa. LG: Lateral gland, R: Reservoir. 1b. Multitubular lateral glands of metathoracic scent 
glands. 1c. Ostiole (_) and OG: Ostiolar groove, evaporation area (ë). 1d. Evaporation area.
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Fig. 2. Gas chromatogram of excract of the metathoracic scent gland secretion of R. nebulosa females, 
1-(E)-2-hexenal, 2-2(5H)-furanone, 3-(E)-2-hexenyl acetate, 4-(E)-2-octenal, 5-n-undecane, 6-n-
dodecane, 7-(E)-2-decen-1-ol, 8-(E)-2-decenal, 9-n-tridecane, 10-(Z)-cyclodecene, 11-n-tricosane, 
12-n-nonacosane, RT: Retention time in minutes.

Fig. 3. Gas chromatogram of excract of the metathoracic scent gland secretion of R. nebulosa males, 
1-(E)-2-hexenal, 2-2(5H)-furanone, 3-(E)-2-hexenyl acetate, 4-(E)-2-octenal, 5-n-undecane, 6-n-
dodecane, 7-(E)-2-decenal, 8-1-tridecene, 9-n-tridecane, 10-n-tetracosane, 11-n-nonacosane, 12-n-
hexacosane, RT: Retention time in minutes.

REFERENCES
Aldrich, J. R., Oliver, J. E., Lusby, W. R., Kochansky, J. P., 1986, Identification of male-specific exocrine 

secretions from predatory stink bugs (Hemiptera, Pentatomidae). Archieves of Insect Biochemistry 
and Physiology, 3: 1-12.

Aldrich, J. R., 1988a, Chemical ecology of the Heteroptera. Annual Review of Entomology, 33: 211-238.
Aldrich, J. R., 1988b, Chemistry and Biological Activity of Pentatomid Sex Pheromones. In: Cutler, H. G. 

(Eds.). A.C.S. Symposium Series N.380 Biologically Active Natural Products: Potential Use in Agricul-
ture, American Chemical Society, Washington, D.C. 417-431. 

Aller, T., Caldwell, R. L., 1979, An investigation of the possible presence of an aggregative pheromone in 
the milweed bugs, Oncopeltus fasciatus and Lygaeus kalmii. Physiological Entomology, 4: 287-290.

Blum, M. S., 1981, Chemical Defenses of Artropods, Academic Press, New York. 
Borges, M., Aldrich, J. R., 1992, Instar-specifc defensive secretions of stink bugs (Heteroptera: Pen-

tatomidae). Experientia, 48: 893-896.



28 DURAK, D., KALENDER,Y.

Borges, M., Zarbin, P. H. G., Ferreira, J. T. B., da Costa, M. L. M., 1999, Pheromone sharing: Blends 
based on the same compounds for Euschistus heros and Piezodorus guildinii. Journal of Chemical 
Ecology, 25: 629-634. 

Borges, M., Millar, J. G., Laumann, R. A., Moraes, M. C. B., 2007, A male-produced sex pheromone from 
the neotropical redbanded stink bug, Piezodorus guildinii (W.). Journal of Chemical Ecology, 33: 
1235-1248. 

Carayon, J., 1971, Notes et documents sur I’appareil odorant metathoracique des Hemipteres. Annales 
de la Société Entomologique de France, 7: 737-770.

Carver, M., 1990, Integumental morphology of the ventral thoracic scent gland system of Poecilometis 
longicornis (Dallas) (Hemiptera: Pentatomidae). International Journal of Insect Morphology and 
Embryology, 19: 319-321.

Davidova-Vilimova, J., Nejedla, M., Schaefer, W.,  2000, Dorsa-abdominal scent glands and metathoracic 
evaporatoria in adults of central European Rhopalidae (Hemiptera: Heteroptera), with a discussion of 
phylogeny and higher systematics. European Journal of Entomology, 97: 213-221. 

Durak, D., 2008, Morphology and chemical composition of metathoracic scent glands in Dolycoris baccarum 
(Linnaeus, 1758) (Heteroptera:Pentatomidae). Acta Zoologica, 89(3): 193-199.

Durak, D., Kalender, Y., 2007a, Fine structure and chemical analysis of the metathoracic scent gland of 
Eurygaster maura (Linnaeus, 1758) (Heteroptera: Scutelleridae). Folia Biologica (Kraków), 55(3-4): 
134-141.

Durak, D., Kalender, Y., 2007b, Fine structure and chemical analysis of the metathoracic scent gland 
of Graphosoma semipunctatum (Fabricius, 1775) (Heteroptera: Pentatomidae). Journal of Applied 
Biological Science (JABS), 1: 43-50.

Durak, D., Kalender, Y., 2007c, Morphology and chemical analysis of the metathoracic scent glands Core-
us marginatus (Linnaeus, 1758) (Heteroptera: Coreidae) from Turkey. Entomological News, 118(3): 
227-234.

Eger, J. E., Baranowski, R. M., 2002, Diolcus variegatus (Heteroptera: Pentatomidae: Scutelleridae), A 
Caribbean Species Established in South Florida. Florida Entomologist, 85(1): 267-269.

Farine, J. P., Bonnard, O., Brossut, R., Quere, J. L., 1992, Chemistry of pheromonal and defensive se-
cretions in the nymphs and the adults of Dysdercus cingulatus Fabr. (Heteroptera: Pyrrhocoridae). 
Journal of Chemical Ecology, 18: 65-76.

Farine, J. P., Everaerts, C,. Brossut, R., Quere, J. L., 1993, Defensive secretions of nymphs and adults 
of five species of Pyrrhocoridae (Insecta: Heteroptera). Biochemical Systematics and Ecology, 21: 
363-371.

Gilby, A. R., Waterhouse, D. F., 1965, The composition of the scent of the green vegetable bug, Nezara 
viridula. Proceedings of the Royal Entomological Society of London, 162B: 105-120.

Gunawardena, N. E.,  Herath, W. K. B., 1991, Significance of medium chain n-alkanes as accompanying 
compounds in hemipteran defensive secretions; An investigation based on the defensive secretion of 
Coridius janus. Journal of Chemical Ecology, 17: 2449-2458.

Gunawardena, N. E., Bandumathie, M. K. 1993, Defensive secretion of rice bug, Leptocorisa oratorius 
Fabricius, (Hemiptera: Coreidae): a unique chemical combination and its toxic, repellent, and alarm 
properties. Journal of Chemical Ecology, 19: 851-861.

Ho, H., Millar, J. G., 2001, Compounds in metathoracic glands of adults and dorsal abdominal glands 
of nymphs of the stink bugs, Chlorochroa uhleri, C. sayi and C. ligata (Hemiptera: Pentatomidae). 
Zoological Studies, 40: 193-198.

James, D. G., Heffer, R., Amaike, M., 1996, Field attraction of Biprorulus bibax (Breddin) (Hemiptera: 
Pentatomidae) to synthetic aggregation pheromone and (E)-2-Hexenal, a pentatomid defense chemical. 
Journal of Chemical Ecology, 22(9): 1697–1708. 

Kamaluddin, S., Ahmad, I., 1988, A revision of the tribe Phyllocephalini (Hemiptera: Pentatomidae: 
Phyllocephalinae) from indo-pakistan subcontinent with description of five new species. Oriental 
Insects, 22: 185–240.



29Scanning Electron Microscopic and Chemical Study

Received: December 03, 2008        Accepted: March 28, 2009

Kou, R., Tang, D. S., Chow, Y. S., 1989, Alarm pheromone of pentatomid bug, Erthesina fullo Thunberg 
(Hemiptera: Pentatomidae). Journal of Chemical Ecology, 15: 2695-2702.

Leal, W. S, Panizzi, A. R., Niva, C. C., 1994, Alarm pheromone system of leaf-footed bug Leptoglossus 
zonatus (Heteroptera: Coreidae). Journal of Chemical Ecology, 20: 1209-1216.

Lodos, N., 1986, Türkiye Entomolojisi (Genel Uygulamalı ve Faunistik. Ege Üniversitesi Ziraat Fakültesi 
Yayınları, İzmir, 508.

Moraes, M. C. B., Pareja, M., Laumann, R. A., Borges, M., 2008, The chemical volatiles (semiochemicals) 
produced by neotropical stink bugs (Hemiptera: Pentatomidae). Neotropical Entomology, 37(5): 489-505.

Marques, F. A., Wendler, E. P.,, Sales Maia, B. H. L. N., Ventura, M. U., Arruda-Gatti I. C., 2007,  Identification 
of defensive compounds in metathoracic glands of adults of the stink bug Dichelops melacanthus 
(Hemiptera: Pentatomidae). Journal of the Brazilian Chemical Society, 18: 1242-1246

Nagnan, P., Cassier, P., Andre, M., Llosa, J. F., Guillaumin, D., 1994, Fine structure and phsicochemical 
analysis of the metathoracic scent glands of Lincus malevolus (Rolston) and L. spurcus (Rolston) 
(Heteroptera: Pentatomidae). International Journal of Insect Morphology and Embryology, 23: 355-370.

Oliver, J. E., Neal, J. W., Lusby, W. R., Aldrich, J. R., Kochansky, J. P., 1985, Novel components from 
secretory hairs of azalea lace bug Stephanitis pyrioiodes (Hemiptera: Tingidae). Journal of Chemical 
Ecology, 11(9): 1223-1228.

Pareja, M., Borges, M., Laumann, R. A., Moraes, M. C. B., 2007, Inter- and intraspecific variation in 
defensive compounds produced by five neotropical stink bug species (Hemiptera : Pentatomidae). 
Journal of Insect Physiology, 53: 639-648.

Remold, H., 1962, Über die biologische Bedeutung der Duftdrüsen bei den Landwanzen (Geoorisae). 
Zeitschrift für vergleichende Physiologie, 45: 636-694.

Santos-Mallet, J. R., De Souza, W., 1990, Histological and ultrastructural aspects of the Brindley’s glands 
of Panstrongylus megistus (Burmeister, 1835) (Hemiptera: Reduviidae). Memórias do Instituto Oswaldo 
Cruz, 85: 141-152.

Waterhouse, D. F., Forss, D. A., Hackman, R. H., 1961, Characteristic odour components of the scent of 
stink bugs. Journal of Insect Physiology, 6: 113-121.

Waterhouse, D. F., Gilby, A. R., 1964, The adult scent glands and scent of nine bugs of the superfamily 
Coreoidea. Journal of Insect Physiology, 10: 977-987.

Zarbin, H. G. P., Borges, M., Santos, A. A., Oliveira, A. R. M., Simonelli, F.,  Marques, A., 2000, Alarm 
pheromone system of stink bug Piezodorus guildinii (Heteroptera: Pentatomidae). Journal of the 
Brazilian Chemical Society, 11(4): 424-428.


