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Abstract: Dinoponera quadriceps (Santschi, 1921) (Formicidae: Ponerinae) has an aggressive and predatory behavior, using its
functional sting for defense and predation. This study describes the sting apparatus and the associated exocrine glands in D.
quadriceps from three different populations in the Brazilian semiarid regions: Caetité, Feira de Santana and Manoel Vitorino. Like
other species, the Ponerinae studied in these populations have their sting apparatus associated to the Dufour and venom glands. In
the sting the lancets have at the distal end a serrated surface, which may be important to inject venom into the prey. The venom gland
has secretory cells with excretory canaliculi opening into the lumen of the gland, and, specifically, the convoluted gland shows that the
cells are in direct contact with the venom. This is the first structural description of the sting apparatus, the venon and Dufour glands in
D. quadriceps.
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Estructura del aguijon y glandulas exocrinas asociadas en Dinoponera quadriceps (Santschi, 1921) (Hymenoptera,
Formicidae)

Resumen: Dinoponera quadriceps (Santschi, 1921) (Formicidae: Ponerinae) presenta un comportamiento agresivo y predatorio,
usando su aguijon funcional para la defensa y depredacioén. Este estudio describe el aparato del aguijon y las glandulas exocrinas
asociadas en D. quadriceps de diferentes poblaciones de tres regiones del semiarido brasilefio: Caetité, Feira de Santana y Manoel
Vitorino. Como otras especies, los Ponerinae estudiados en estas poblaciones tienen el aparato del aguijéon asociado a la glandula
de Dufour y las glandulas de veneno. En el aguijon, las lancetas tienen una superficie serrada en su extremo distal, lo que puede ser
importante para inyectar la ponzofia en la presa. La glandula de veneno tiene células secretoras con canaliculos excretores que
desembocan en el lumen de la glandula, y, especificamente, el complejo glandular muestra que las células estan en contacto directo
con la ponzofia. Esta es la primera descripcion estructural del aguijén y de las glandulas de Dufour y de veneno en D. quadriceps.

Palabras clave: Hymenoptera, Formicidae, Ponerinae, Dinoponera quadriceps, aguijén, glandula de Dufour, Brasil.

Introduction

Ponerinae ants have a functional sting apparatus that is used
to inject venom, which may play important behavioral roles as
defense, alarm pheromones and predation (Hermann & Blum,
1981; Caetano et al., 2002; Holldobler & Wilson, 1990;
Monnin & Peeters, 1998). Associated with the sting appara-
tus, in aculeate Hymenoptera there are two exocrine glands
related to the production of pheromones and venom: the Du-
four gland (colaterial gland) and the venom gland (Abdalla,
2002).

Dufour gland is located at the base of the sting appara-
tus, ventrally to the venom gland. In ants, the Dufour gland
opens in the sting apparatus, without reproductive functions,
but its secretion play important roles as trail marker, alarm
and aggregation pheromones (Abdalla, 2002).

On the contrary to what occurs with some Hymenopte-
ra, the sting is not lost when ponerine ants introducing it into
the prey, and thus the venom gland becomes an important tool
for ant survival (Caetano et al., 2002).

The venom gland, also known as acid gland or poison
gland, consists of a long, thin, convoluted tubule located in
the posterior abdomen, generally with the bifurcated distal
end, linking up, to its proximal portion to a bag-shaped reser-
voir. The reservoir opens in the sting by an excretory duct
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(Nocelli et al., 2002). Associated with the reservoir there is a
set of paired filamentous glands that converge into a single
convoluted gland, which in turn empties into the reservoir.
The convoluted gland is located on the dorsum of the reser-
voir, a unique condition within the Hymenoptera (Holldobler
& Wilson, 1990).

The primary function of the poison gland is the produc-
tion of formic acid (in Formicinae), or venom used in the
predation and defense for other ants (Holldobler & Wilson,
1990). The main components of Ponerinae ant venom are
proteins, alkaloids, terpenoids and hydrocarbon which have
different functions. In Dinoponera australis Emery (Fowler,
1985) there are 75 proteins and some peptides (dinoponera-
toxins) with biological activities (Johnson et al., 2010). In
Paraponera clavata (Fabricius, 1775) and Pachycondyla
goeldii (Forel, 1912) some substances named poneratoxins
have antimicrobial properties (Orivel ef al., 2001; Orivel &
Dejean, 2001; Zelezetsky et al., 2005).

The venom composition may vary among the different
species and subfamilies of ants (Lima & Brochetto-Braga,
2003). The venom is synthesized by secretory cells where it is
stored as secretory granules prior to its release into the gland
lumen and reservoir, suggesting that the secretion initially



Figure 1 - Sting apparatus of Dinoponera quadriceps. (A) Sting in the
abdomen showing the lancet La). (B) Sting pulled apart from the
abdomen showing internal lancet (La) and proximal valve (Va). Scale
Bars = 100 pm.

Figure 2 - Scanning electron micrographs of the lancet of Dinoponera
quadriceps. A) distal end showing the serrated surface. B) Detail of the
valve with two subunits. Scale bars = 30 100 ym .
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produced may have a different composition of that released as
venom (Cruz-Landim et al., 1967; Nunes & Camargo-
Mathias, 2005; Ortiz & Camargo-Mathias , 2006). Another
factor that may affect the venom composition in ants of a
same species is the ecological niche, since these ants may
have different diets as well as environmental conditions or
some level of speciation (Holldobler & Wilson, 1990).

Dinoponera quadriceps (Santschi, 1921) has an aggres-
sive and predatory behavior, using its functional sting to inject
the venom (Caetano et al., 2002; Holldobler & Wilson, 1990).
The distribution of this species is restricted to the semiarid
region of Northeastern Brazil (Holldobler & Wilson, 1990),
and there are no studies on the sting apparatus structure, neit-
her on the associated exocrine glands. The chemical composi-
tion of the venom of four populations of D. quadriceps sho-
wed differences among them (Cologna et al., 2013), including
the three populations used in this study. For that reason, the
present article compares the structure of the exocrine glands
associated with the sting apparatus in different populations
of D. quadriceps found in three regions of the Brazilian
semiarid.

Material and methods

Areas

Specimens of D. quadriceps were collected at the municipali-
ties of Feira de Santana (12°16°S —38°56’W), Manoel Vitori-
no (14°8’S — 40°13°’W) and Caetité (14°5’S — 42°28°'W’),
state of Bahia, Brazil. The climate in these areas is semiarid
according to Koeppen’s climate classification, defined as
BSwh (high temperature and evaporation in summer), presen-
ting average annual temperatures between 27-29°C and an-
nual rainfall < 800 mm with rains concentrated between Ja-
nuary and March (Koeppen, 1948; Miller, 1971).

Ants

The ants were manually collected, in January 2010, following
the identification and excavation of the their nests in natural
environment (study granted SISBIO/MMA 20549-1) and
transferred to the Laboratory of Animal Study at Bahia State
University, Campus VI, municipality of Caetité, Bahia,
Brazil.

Three ants samples from each area studied were preser-
ved in 70% ethanol and transferred to the Myrmecology La-
boratory for taxonomic identification. Voucher specimens
were deposited in the Formicidae Collection of the Myrmeco-
logy Laboratory in the Cocoa Research Center (CEPEC/
CEPLAC) in Ilhéus (Bahia), assigned as 5592 to 5595.

Light Microscopy

Five workers from the three ant population were dissected in
presence of 125 mM NaCl and the sting apparatus, venom
and Dufour glands transferred to 10% formalin. These struc-
tures were photographed in stereomicroscope and then dehy-
drated in gradual ethanol series and embedded in historesin
(Leica). Slices of 3 um thick were stained with hematoxylin
and eosin and analyzed in light microscope.

Scanning electron microscopy

For the ultra-morphology analyses, the sting of three ants
from each region was dissected, dehydrated in a gradual et-
hanol series, transferred to hexametildisilazane (MDS) for
five min, air dried, gold covered (20 nm), and analyzed in a
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Figure 3 - Histological section of the secretory portion of the venom gland of Dinoponera quadriceps showing well-developed glandular
cells (GC) with spherical nucleus (n). Note the excretory canaliculi (arrows) within the cell projecting into the gland lumen (L), which is
coated with a thin layer of flattened cells (arrowheads). Scale bar = 10 ym.

Figure 4 - Histological sections of the venom reservoir of Dinoponera quadriceps. A) reservoir (R) showing the flattened epithelium (EP)
lining the lumen filled with acidophilic content and the convoluted gland (CG). B) The convoluted gland (CG) epithelium with basophilic
cells in contact with acidophilic venom stored in the reservoir (R). Scale bars = 10 pm.

Figure 5 - Histological sections of the Dufour gland of Dinoponera quadriceps. A) Gland wall with cubic epithelium (EP) delimiting the lu-
men (L). B) Secretory cells (SC) with granular cytoplasm and small nucleus (n). Note a longitudinal muscle layer (LM). Scale bars = 10

pm.

LEO VP 1430 scanning electron microscope at the Nucleus of
Microscopy and Microanalysis, Federal University of Vigo-
sa, state of Minas Gerais, Brazil.

Results

The representatives of D. quadriceps workers from Caetité,
Feira de Santana and Manoel Vitorino showed similar anato-
my and histology of the sting apparatus, as well as in the
venom and Dufour glands.

The sting, venom and Dufour glands were located at the
terminal region of the abdomen. In the arrow-shaped sting
there are three parts that could be characterized as: a stylet, a
superior portion and a pair of lancets in the lower portion
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(Figures 1A and 1B). The distal end of the lancets had a short
serrated area (Figure 2A), whereas in the proximal end occu-
rred two valves, one in each lancet, belonging to the lancets’
basal segment (Figures 1B and 2B).

In the proximal end of the sting, a duct connects the
venom gland reservoir, and another connects to the Dufour
gland. The secretory portion of the venom gland has two
cylindrical and elongated tubules with a blind end, which are
joined, forming a short filament opening into an enlarged
reservoir with a yellow content.

The secretory epithelium of the venom gland has a sin-
gle layer of globular cells with homogeneous acidophilic
cytoplasm and a large spherical nucleus with decondensed
chromatin and several nucleoli (Figure 3). The secretory cells



release their secretion via excretory canaliculi, in a narrow
lumen limited by a thin layer of flattened cells (Figure 3).
The wall of the venom gland reservoir has a single layer
of flattened cells lined by a thick cuticle (Figure 4A). Inside
the venom gland reservoir was found a convoluted gland in
contact with secretion (venom) stored in the reservoir (Figure
4A). The convoluted gland is formed by a single layer of
cubical cells with the cytoplasm strongly basophilic and the
nucleus with decondensed chromatin, contrasting with the
acidophilic content of the venom gland reservoir (Figure 4B).
The Dufour gland has a finger-shaped opening toward
to the sting, near to the venom gland duct. The epithelium of
the Dufour gland showed short folds formed by a single layer
of cubic cells with a granular acidophilic cytoplasm and nu-
cleus with some granules of condensed chromatin (Figures
5A and 5B). Externally, the epithelium of the Dufour gland
was lined by a layer of longitudinal muscles (Figure 5B).

Discussion

This is the first description of the morphology of the sting
apparatus and the associated exocrine glands in D. quadri-
ceps. The results obtained here are similar to those found in
other Ponerinae species (Schoeters & Billen, 1995; Nunes &
Camargo-Mathias, 2005; Ortiz & Camargo-Mathias, 2006).
However, differences in the morphology of the sting appara-
tus between species of the same genera have been used as
features for the taxonomic differentiation in several ant sub-
families (Kugler, 1978, 1980, 1994; Lacau et al., 2008).

In the sting of D. quadriceps the lancets have a distal
end with a serrated surface, which may be important injecting
venom into the prey, similarly to what was described in the
sting of other ants (Hermann, 1971). At the proximal end of
each lancet there are valves with similar sizes and connected
to a pair of muscles. The valve act as a pump to inject the
venom and the Dufour gland compounds (Snodgrass, 1956).
The sting apparatus was also described for Dinoponera gran-
dis (Guérin-Méneville, 1838) without the report of the occu-
rrence of a serrated distal end and the valves (Hermann et al.,
1984). However these authors analyzed the sclerotized venom
apparatus under low resolution and the presence of the above
structures found in D. quadriceps should be further studied.

The venom gland has secretory cells with excretory ca-
naliculi opening into the gland’s lumen, characterizing these
cells as class III, according to the classification of Noirot and
Quennedey (1991). This organization was also identified in
the venom gland of Dinoponera australis (Schoeters & Bi-
llen, 1995).

The gland which is presumably responsible for venom
production in D. quadriceps is the venom gland plus the con-
voluted gland. Convoluted gland with similar organization to
that of D. quadriceps was described in the Ponerini D. austra-
lis (Schoeters & Billen, 1995), Neoponera villosa (Fabricius,
1804) (Henrique, 2000, unpublished data), Pachycondyla
striata Fr. Smith, 1858 (Ortiz & Camargo-Mathias, 2006) and
Ectatomma quadridens (Fabricius, 1793) (Nunes & Camargo-
Mathias, 2005).

The convoluted gland of D. australis releases substan-
ces directly into the venom reservoir (Schoeters & Billen,
1995), which may also occur in the convoluted gland of D.
quadriceps, whose cells are in direct contact with the venom.
The convoluted gland, besides releasing secretions in the
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venom gland reservoir, may also store proteins for later use.
Thus some content from the venom gland reservoir may also
be captured by the convoluted gland and remain stored in the
cytoplasm of its cells, so the secretions would be used by the
ant when injected by the sting (Ortiz & Camargo-Mathias,
2006).

The venom stored in the reservoir of D. quadriceps has
basic properties due to its affinity to the eosin (acid), whereas
the Dufour gland secretion presents an acidic nature. Unlike
what was found by the Cassier et al. (1994) for Aculeata, we
did find in the D. quadriceps that the venom gland is acidic
and the gland Dufour is basic.

Conclusion

The structure of the sting, venom gland and Dufour gland is
similar in D. quadriceps from different populations of the
semiarid Northeastern Brazil and with other Ponerinae ant
species.

Acknowledgements

The authors thank to the Nucleus of Microscopy and Microanalysis
of Federal University of Vicosa, for its technical support with regard
to the use of scanning electron microscope; to the graduate program
in Biotechnology of State University of Feira de Santana, for its
logistical support; and to Brazilian research agencies CAPES, CNPq,
FAPEMIG and PRONEX-FAPESB, for the financial support. Aut-
hors are grateful to Prof. Jacques Hubert Charles Delabie for identi-
fication of ant species.

References

ABDALLA, F. C.2002. Glandula de Dufour. En: CRUz-LANDIM, C. &
ABDALLA, F. C. (eds.). Glandulas exocrinas das abelhas.
FUNPEC-RP, Ribeirdo Preto, p. 127-149.

CAETANO, F. H., K. JAFFE & F. J. ZARA 2002. Formigas: biologia e
anatomia. Topazio. Rio de Janeiro.

CASSIER, P., D.TEL-ZUR & Y.LENSKY 1994. The sting sheets of
honey bee workers (4pis mellifera L.): structure and alarm
pheromone secretion. Journal of Insect Physiology, 40: 23-32.

COLOGNA, C. T., J. S. CARDOSO, E. JOURDAN, M. DEGUELDRE,
G.UPERT, N. GILLES, A.P. UETANABARO, E. M. COSTA NETO,
P. THONART, E. PAUW & L. QUINTON 2013. Peptidomic com-
parison and characterization of the major components of the
venom of the giant ant Dinoponera quadriceps collected in
four different areas of Brazil. Journal of Proteomics, 94: 413-
422.

CRUZ-LANDIM, C. & S. BLSDISSERA 1967. Diferengas entre glandulas
veniferas da rainha e de operarias de Apis mellifera L. Ciéncia
e Cultura, 19: 556-561.

HERMANN, H. R. 1971. Sting autotomy, a defensive mechanism in
certain social Hymenoptera. Insectes Sociaux, 18: 111-120.

HERMANN, H.R. & M. S. BLUM 1981. Defensive mechanisms in the
social Hymenoptera. En: Hermann, H. R. (ed.). Social insects.
Academic Press. New York. p. 77-197.

HEerMANN, H. R., M. S. BLuM, J. W. WHEELER, W. L. OVERAL, J. O.
SCHMIDT & J. CHAO 1984. Comparative anatomy and chemis-
try of the venom apparatus and mandibular glands in Dinopo-
nera grandis (Guérin) and Paraponera clavata (F.) (Hyme-
noptera: Formicidae: Ponerinae). Annals of the Entomological
Society of America, T7: 272-279.

HOLLDOBLER, B. & E. O. WILSON 1990. The ants. The Harvard
University Press. Cambridge.

JoHNSON, S.R.,J. A. COPELLO, M. S. EVANS & A. V. SUAREZ,2010.
Biochemical characterization of the major peptides from the



venom of the giant Neotropical hunting ant Dinoponera aus-
tralis. Toxicon, 55: 702-710.

KOEPPEN, W. 1948. Climatologia, con un estudio de los climas de la
Tierra. Fondo de Cultura Economica, México.

KUGLER, C. 1978. A comparative study of the Myrmicinae sting
apparatus (Hymenoptera: Formicidae). Studia Entomologica,
20: 413-548.

KUGLER, C. 1980. The sting apparatus in the primitive ants Not-
homyrmecia and Myrmecia. Journal of the Australian Ento-
mological Society, 19: 263-267.

KUGLER, C. 1994. Revision of the ant genus Rogeria (Hymenoptera:
Formicidae) with descriptions of the sting apparatus. Journal
of Hymenoptera Research, 3: 17-89.

Lacau, S., C. VILLEMANT, B. JAHYNY & J. H. C. DELABIE 2008.
Typhlomyrmex Mayr, 1862: un genre méconnu de petites
fourmis cryptiques et prédatrices (Ectatomminae: Typhlo-
myrmicini). En: Jiménez, E., Fernandez, F., Milena Arias, T.
& Lozano-Zambrano, F. H. (Ed.). Sistemdtica, biogeografiay
conservacion de las hormigas cazadoras de Colombia. Insti-
tuto de Investigacion de Recursos Bioldgicos Alexander von
Humboldt. Bogota, p. 241-283.

LiMA, P. R. M. & M. R. BROCHETTO-BRAGA 2003. Hymenoptera
venom review focusing on Apis mellifera. Journal of Veno-
mous Animals and Toxins including Tropical Diseases, 9:
149-162.

MILLER, A. 1971. Meteorology. 2* ed. Charles E. Merril Publishing.
Ohio.

MONNIN, T. & C. PEETERS 1998. Monogyny and regulation of wor-
ker mating in the queenless ant Dinoponera quadriceps. Ani-
mal Behaviour, 55: 299-306.

NockeLLI, R. C. F., T. C. ROAT & R. L M. SiLVA DE MORAES 2002.
Alterations induced by juvenile hormone in glandular cells of

the Apis mellifera venom gland I - Application on the larvae
(Hymenoptera: Apidae). Sociobiology, 40: 457-464.

NoIROT, C. & A. QUENNEDEY 1991. Glands, gland cells, glandular
units: some comments on terminology and classification. An-
nales de la Société Entomologique de France (N.S),27: 123-
128.

NUNES, P. H. & M. I. CAMARGO-MATHIAS 2005. Study of the venom
glands in Ectatomma quadridens (Hymenoptera, Formicidae).
Evolutionary hypothesis in subfamily Ponerinae. Sociobiolo-
gy, 45: 949-966.

ORIVEL, J. & A. DEJEAN 2001. Comparative effect of the venoms of
ants of the genus Pachycondyla (Hymenoptera: Ponerinae).
Toxicon, 39: 195-201.

ORIVEL, J., V. REDEKER, J. P. LE CAER, F. KRIER, A. M. REVOL-
JUNELLES, A. LONGEON, A. CHAFFOTTE, A. DEJEAN & J.
RosSIER 2001. Ponericins, new antibacterial and insecticidal
peptides from the venom of the ant Pachycondyla goeldii. The
Journal of Biological Chemistry, 276: 17823-17829.

ORTIZ, G. & M. I. CAMARGO-MATHIAS 2006. Venom gland of Pa-
chycondyla striata worker ants (Hymenoptera: Ponerinae).
Ultrastructural characterization. Micron, 37: 243-248.

SCHOETERS, E. & J. BILLEN 1995. Morphology and ultrastructure of
the convoluted gland in the ant Dinoponera australis (Hyme-
noptera: Formicidae). Insect Morphology and Embryology,
24:323-332.

SNODGRASS, R. E. 1956. Anatomy of the honeybee. Comstock Pu-
blishing Associates, Cornell University Press, Ithaca, New
York.

ZELEZETSKY, 1., U. PAG, N. ANTCHEVA, H. SAH & A. TossI 2005.
Identification and optimization of an antimicrobial peptide
from the ant venom toxin pilosulin. Archives of Biochemistry
and Biophysics, 434: 358-364.

293



