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Abstract

da Silva, M., Noll, F. B. and Billen, J. 2015. Morphology of Richards’ gland in

the swarm-founding wasp Protonectarina sylveirae (Hymenoptera, Vespidae). —Acta

Zoologica (Stockholm) 96: 530–533.

Richards’ gland is known for the majority of Epiponini wasps, and despite few

experimental evidences, the taxonomic distribution in swarm-founder species

and the function of this gland remain rather unclear. This work presents a mor-

phological description of Richards’ gland in Protonectarina sylveirae. The gland is

formed by a cluster of class 3 cells underneath the anterior margin of the fifth

metasomal sternite, and a reservoir formed by the intersegmental membrane

between the fourth and fifth metasomal sternites where the secretion can be

stored. The secretory cells contain a branched end apparatus that carries the

secretory products towards the duct cell. Externally, the cuticle of the sternite,

where the duct cells penetrate, is characterized by modifications as scales with

very numerous pores. The presence of Richards’ gland according to the model

proposed by Samac�a et al. 2013 in Protonectarina corroborates the single origin

of this gland in Epiponini. The occurrence of a Golgi apparatus and smooth

endoplasmic reticulum suggests pheromone production.
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Introduction

Many aspects of social wasps’ life are mediated by exocrine

glands and their secretions, as dominance interactions, main-

tenance of the status of queen, food recruitment, search for

nest sites and defence, and reproductive behaviour (Downing

1991). Richards’ gland, which occurs between the fourth and

fifth metasomal sternites (Richards 1971), is known for the

majority of neotropical swarm-founding wasps, although its

development and structural organization may vary along spe-

cies (Jeanne and Post 1982; Jeanne et al. 1983; Smith et al.

2002). Following the standard classification of Noirot and

Quennedey (1974), this gland belongs to class 3, which is

made up by bicellular units, comprising secretory cells and

duct cells, the latter carrying the secretion to the outside sur-

face. The gland is associated with different types of cuticular

modifications in the region where the gland ducts open

(Jeanne and Post 1982; Samac�a et al. 2013). The cells may

also be associated with a reservoir formed by an enlargement

of the intersegmental membrane (Jeanne and Post 1982;

Jeanne et al. 1983).

Richards’ gland was first described by Heselhaus (1922)

as a cluster of cells with their respective ducts, but as it was

Richards who called attention to the distribution of this gland

within the Vespidae (Richards 1971; 1978), West-Eberhard

(1977) called the modification at the base of the fifth sternite

‘Richards’ organ’ and afterwards, Jeanne and Post (1982) pro-

pose calling it Richards’ gland. Naumann (1975) proposed

that this gland secretes substances that are used to mark a trail

during the foundation of a new colony. This idea was later

confirmed by Jeanne (1981). Despite the experimental evi-

dence provided by Jeanne (1981) and Naumann (1975)

regarding the function of Richards’ gland, its taxonomic distri-

bution does not entirely match the distribution of swarm-

founder species (Smith et al. 2002), and the function of this

gland remains rather unclear.

As pointed out by Samac�a et al. (2013), it would be inter-

esting to study Protonectarina wasps in more detail as Smith
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et al. (2002) indicated that Richards’ gland is present in this

genus, although no further data are listed in their work. The

present work brings the first morphological description of

Richards’ gland in Protonectarina sylveirae (SAUSSURE,

1854).

Materials andMethods

Workers of Protonectarina sylveirae were collected from their

nest in S~ao Jos�e do Rio Preto, SP, Brazil. The posterior part

of their gaster was fixed in cold 2% glutaraldehyde, buffered

at pH 7.3 with 50 mM Na-cacodylate and 150 mM saccha-

rose, and postfixed in 2% osmium tetroxide in the same buf-

fer. Tissues were then dehydrated in a graded acetone series,

embedded in Araldite and sectioned with a Leica EM UC6

ultramicrotome. Semithin sections with a thickness of 2 lm
were stained with methylene blue and thionin and observed in

an Olympus BX-51 microscope. Double-stained 70-nm thin

sections were examined in a Zeiss EM900 electron micro-

scope. Material for scanning microscopy was coated with gold

and examined in a JEOL JSM-6360 scanning microscope.

Cell counts were made by an accumulative count of the num-

ber of cells along a longitudinal section series through the

entire gaster. As section thickness was 2 lm, this cell count

was achieved by looking at every 23rd section (as 45.5 lm is

the average diameter of the gland cells we rounded to 46 lm,

see further).

Results

Semithin sections showed a conspicuous and easily recogniz-

able Richards’ gland. The gland is formed by class 3 cells jux-

taposed with few or no space between them and underneath

the anterior margin of the fifth metasomal sternite. It com-

prises a reservoir and a cluster of secretory cells (Fig. 1).

There are on average 232 � 48.4 polygonal cells with a diam-

eter of 45.5 � 8.4 lm (n = 7 workers). The intersegmental

membrane between the fourth and fifth metasomal sternites

appears as an irregular invagination, which acts as a reservoir

in which the gland’s pheromonal secretion can be stored until

it is discharged. An interesting feature that is observed in sem-

ithin sections is that sternite 5 is anteriorly more strongly

reflexed upward than the adjacent sternites. This feature may

be associated with the structure and/or function of the gland

and may be related to the presence of the reservoir: as the res-

ervoir is formed by an invagination of the intersegmental

membrane, this process may have caused the upward reflex-

ion of the anterior margin of the fifth sternite, which could

also facilitate the storage/release of the pheromone. This, how-

ever, is mere speculation, and we therefore feel more comfort-

able not to make any too speculative comments.

Ultrastructural examination shows a round to ovoid and

usually excentrically located nucleus with a diameter around

5–10 lm (Fig. 2A). The cytoplasm contains numerous mito-

chondria and a Golgi apparatus (Fig. 2B). Nerve fibres and

tracheoles were found in between secretory cells (Fig. 2C,D).

The secretory cells contain a branched end apparatus that will

carry the secretory products towards the duct cell. The lumen

of the end apparatus is lined by a thin and discontinuous elec-

tron-dense cuticular lining and a granular endocuticular layer

(Fig. 2E). The cell membrane of the secretory cells that lines

the end apparatus has an irregular appearance, which results

in the formation of surface-increasing cavity-like spaces

(Fig. 2E). The duct cells contain a flattened nucleus with a

length of approx. 3 lm and almost no cytoplasm. Their main

characteristic is the cuticular duct that has an inner diameter

of 0.5 lm and a sclerotized wall of 0.2 lm (Fig. 2F).

Externally, the cuticle of the anterior region of the fifth me-

tasomal sternite, where the duct cells penetrate, is character-

ized by external modifications, as evidenced by scanning

microscopy. In P. sylveirae, these modifications appear as

scales and give the anterior part of the sternite a flaky appear-

ance. This area shows very numerous pores with a diameter of

approx. 1 lm that correspond with the external openings of

the ducts (Fig. 3).

Discussion

As suggested by Smith et al. (2002), even without any data

about Protonectarina sylveirae listed in their work, the Richards’

A B

Fig. 1—A. Longitudinal semithin sections through the posterior metasomal region, indicating the position of Richards’ gland (white frame,

enlarged inB). ACR: antecostal ridge, Gg: ganglion, S3-6: metasomal sternites 3-6, R: reservoir, SC: secretory cells, St: sting. Arrows indicate

region with duct cells.
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gland is present in this species. Our observations confirm that

the morphology of the gland follows the model proposed by

Samac�a et al. (2013) for the swarm-founder species, which is

a cluster of class 3 cells associated with scale-shaped skeletal

modifications of the surface of the fifth metasomal sternite

and a series of ducts near the base of the antecostal ridge of

that sternite. This fact represents one more evidence to cor-

roborate the single origin of this gland in Epiponini, as the

same cell structure was found for Apoica, Brachygastra, Epip-

ona,Metapolybia, Polybia and Synoeca, which are genera of the

same tribe. Doubts about the presence of this gland persist for

the genera Chartergellus andNectarinella (Samac�a et al. 2013).

No epithelial glands were observed underneath the fifth

sternite in P. sylveirae. This was also observed in other previ-

ously analysed Epiponini that have Richards’ gland, such as

Brachygastra lecheguana, Epipona niger, Metapolybia aztecoides,

M. docilis, Polybia ignobilis, Protopolybia amarella and Synoeca

septentrionalis (Billen and Noll 2011; Samac�a et al. 2013),

although an epithelial gland is present in other species with

class 3 cells such asMischocyttarus angulatus (Mischocyttarini)

and Polistes aterrimus (Polistini) (Samac�a et al. 2013). The

absence of an epithelial gland seems to be shared by the

swarm-founding wasps, while the species that present epithe-

lial glands are independent-founding. However, our data that

specifically deal with Protonectarina sylveirae do not allow us to

discuss in depth about this relation between epithelial gland

presence/absence and the way of colony founding.

As in the description of Richards’ gland inMetapolybia doc-

ilis (Billen and Noll 2011), the occurrence of a Golgi appara-

tus and smooth endoplasmic reticulum suggests pheromone

production and is indicative for the elaboration of non-

proteinaceous secretory products. The occurrence of an end

apparatus with discontinuous inner cuticular lining and a

granular endocuticular lining, together with a surface-increas-

ing appearance of the cell membrane are common features for

class-3 cells, that allow efficient transportation of the secretory

A B

C D

E F

Fig. 2—Electron micrographs of Richards’

gland.A. Polygonal secretory cell with abun-

dant mitochondria and excentrically located

nucleus.B. Detail of cytoplasm with Golgi

apparatus and mitochondria.C. Nerve fibre

andD. Tracheole in between secretory cells.

E. End apparatus lined with electron-dense

inner cuticle and granular endocuticle (arrow-

heads indicate discontinuous course of inner

cuticular lining), surrounded by surface-

increasing cavity-like spaces. F. Duct cells

and duct-penetrating sternal cuticle. CS: cav-

ity-like spaces, CT: cuticle, D: duct, DC: duct

cell, GA: Golgi apparatus, GC: granular

endocuticle, M: mitochondria, N: nucleus,

NF: nerve fibre, tr: tracheole.
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products from the secretory cells into the duct cells (Noirot

and Quennedey 1974; Billen and Morgan 1998). Despite

speculation about the function of Richards’ gland, this is still

not clear and the chemical composition of the marking sub-

stance is not yet known for the Epiponini. Among the swarm-

ing wasps, Polybia sericea is the only species for which the

origin, the chemical composition of the trail pheromone, and

the association with Richards’ gland is known with certainty

(Jeanne 1981; Jeanne et al. 1983; Clarke et al. 1999).

Morphological characterization and comparative studies

in order to create a pattern that allows to investigate the evolu-

tion of this gland are relevant. As commented by Samac�a et al.

(2013), this descriptive approach does not solve the uncer-

tainty about the function of the gland, but it allows a different

research focus and makes the reconstruction of the gland’s

history more consistent with current thought in comparative

biology and systematics. The use of the morphology of Rich-

ards’ gland in a systematic context can help us to understand

the evolution of this gland, which together with behavioural

data, gives some information about its function.

Acknowledgements

The authors thank the Universidade Estadual Paulista and

Katholieke Universiteit Leuven for financial support of this

project (Bilateral collaboration project BIL 12/04). We also

want to thank An Vandoren for her help and precision in

section preparation and Alex Vrijdaghs for his assistance in

scanning microscopy.

References

Billen, J. and Morgan, E. D. 1998. Pheromone communication in

social insects - sources and secretions. In: Vander Meer, R. K.,

Breed, M. D., Winston, M. L. and Espelie, K. E. (Eds): Phero-

mone communication in social Insects: Ants, Wasps, Bees, and

termites. pp. 13–27. Westview Press, Boulder, Oxford.

Billen, J. and Noll, F. B. 2011. Morphology of Richards’ gland in the

waspMetapolybia docilis. Sociobiology 58: 251–255.
Clarke, S. R., Dani, F. R., Jones, G. R., Morgan, E. D. and Turillazzi,

S. 1999. Chemical analysis of the swarming trail pheromone of the

social wasp Polybia sericea (Hymenoptera: Vespidae). Journal of

Insect Physiology 45: 877–883.
Downing, H. A. 1991. The function and evolution of exocrine glands.

In: Ross, K. G. and Matthews, R. W. (Eds): The social biology of

wasps. pp. 540–569. Cornell University Press, New York.

Heselhaus, F. 1922. Die hautdr€usen der apiden und verwandter for-

men. Zoologische Jahrb€ucher Abteilung f€ur Anatomie und Ontogenie der

Tiere 43: 369–464.
Jeanne, R. L. 1981. Chemical communication during swarm emigra-

tion in the social wasp Polybia sericea (Olivier). Animal Behaviour

29: 102–113.
Jeanne, R. L. and Post, D. C. 1982. Richards’ gland and associated

cuticular modifications in social wasps of the genus Polybia Lepele-

tier (Hymenoptera, Vespidae, Polistinae, Polybiini). Insectes Sociaux

29: 280–294.
Jeanne, R. L., Downing, H. A. and Post, D. C. 1983. Morphology

and function of sternal glands in Polistinae wasps (Hymenoptera:

Vespidae). Zoomorphology 103: 149–164.
Naumann, M. G. 1975. Swarming behavior: evidence for communi-

cation in social wasps. Science 189: 642–644.
Noirot, C. and Quennedey, A. 1974. Fine structure of insect epider-

mal glands. Annual Review of Entomology 19: 61–80.
Richards, O. W. 1971. The biology of the social wasps (Hymenopter-

a: Vespidae). Biological Review 46: 483–528.
Richards, O. W. 1978. The Social Wasps of the Americas Excluding the

Vespinae. British Museum (Natural History), London, UK.

Samac�a, E., Billen, J. and Sarmiento, C. E. 2013. Morphology of the

fifth sternal glands of Neotropical social wasps (Hymenoptera, Ves-

pidae, Polistinae). Invertebrate Biology 132: 163–172.
Smith, A. R., O’Donnell, S. and Jeanne, R. L. 2002. Evolution of

swarm communication in eusocial wasps (Hymenoptera: Vespi-

dae). Journal of Insect Behaviour 15: 751–764.
West-Eberhard, M. J. 1977. The establishment of reproductive domi-

nance in social wasp colonies. Proc. 8th Int. Congr. I.U.S.S.I., Wa-

geningen, pp. 223–227.

A

B

C

Fig. 3—Scanning micrographs of fifth me-

tasomal sternite.A. Anterior region of S5,

showing the finer flaky sculpture anteriorly

and coarse sculpture in the more posterior

region.B. Transition between non-porous lat-

eral region and region with pores of Richards’

gland.C. Detail of central anterior region of

S5, showing abundant pores of opening ducts

of Richards’ gland.
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