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Abstract

Polistes dominula, a model species paper wasps of the family Vespidae has been for long reared
in captivity for studies on its social biology. Various laboratory breeding systems have allowed
many researchers to deepen their knowledge on social behavior, physiology, development, nest
construction techniques of this species with results that can also be extended to other social
animals. However, like other congeneric species, it also has the potential to be used for useful
services to man if bred in the field with vespiculture techniques that will have to be increasingly
perfected. Here we briefly trace the story and the perspectives of Polistes vespiculture in times of
scarcity of these insects.

Keywords: Wasps; Polistes dominula; Vespiculture; Rearing techniques

Introduction

Social Wasps represent very important elements of the ecosystems even if they are
obnoxious for many persons and can cause serious sanitary and economic problems. They
belong to the hymenopteran family Vespidae, which comprehends eight subfamilies, including
Polistinae. This subfamily, together with Stenogastrinae and Vespinae, is eusocial, with
colonies where biological altruism takes place with only some individuals which reproduce
themselves helped by, sometimes, completely sterile workers [1]. Social wasps stand at the top
of the alimentary chains of insects and have characteristics which make them useful for man,
furnishing various kind of ecological services. Their disappearance from some geographic
areas may cause evident faults to an ecosystem and problems for venom shortage for people
with severe allergies [2,3]. Ecosystem services include ecological, medical, and scientific ones,
as reported by a recent paper by Brock RE et al. [4].

Similarly, to Apiculture, Vespiculture consists of all the breeding practices of wasps which
can obtain advantages for man and for the environment. Vespiculture has already been
known for a long time, especially in Asia; in some countries colonies of wasps are reared for
alimentary purposes and larvae, pupae and adults of various species constitute an important
apport of proteins for populations [5]. In another way breeding of wasps led to the perform
accurate observations and experiments on their social biology and physiology. Polistes wasps,
form a group of various sub genera which live in the temperate and tropical zones of Northern
and Southern hemisphere [6]. Polistes dominula is and has been the most studied of all the
paper wasps and became a model species for behavioral, evolutionary and ecological research
[7]. Moreover, its colonies are common in Southern Europe but have now been introduced in
many other countries (USA, Argentina, South Africa, East Australia and New Zealand) and we
shall focus on it our attention; last, but not least it was the species on which our group has
worked for more than 80 years Pardi L [8]. As their colonies are quite smaller if compared
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to those of other social wasps, they are often considered of minor
interest by the common people, but they can create some sanitary
problems and at the same time, can furnish important services to
man.

As other Polistes species Polistes dominula presents many
specific biological characteristics some of which are reported in the
following:

a) Their colonies have a medium size with a nest seldom reaching
300 cells and 40-50 adults [9] and as they are preferentially
located in closed places, are often out of sight.

b) Nests are at first founded with a single peduncle on flat
substrata.

c) New colonies foundation is usually determined by the
philopatry tendency of sister foundresses to return to the
same natal nest in the following Spring.

d) Colonies can be funded by single or multiple (often related)
foundress queens. A linear hierarchy takes form after
encounters between associated foundresses [9].

e) Colony mate recognition relies on chemical and visual ques
[10,11].

f)  Colonyaggressivity is usually very scarce before the emergence
of workers (S.T. personal observation).

g) Owing to their size, young colonies can be easily manipulated
and transplanted to other places.

h) Food for larvae consists mainly of chewed insect larvae and
spiders, very seldom of meet.

i)  Foraging by adults occurs in a medium range of 200m from the
nest [12].

j)  Food of adults consists of various sugary sources including the
saliva of their larvae [13].

k) Males abandon the colony for performing mating flights and
are often chased away from the nests by the workers [14].

1) Colonies can be founded at even in little spaced from one
another (S.T. personal observation).

m) Female can sting repeatedly and at the same time, bite an
intruder (S.T. personal observation).

n) Adultsize does not exceed the size of a honeybee and can easily
be marked for individual recognition by the researchers [9,15].

With these characteristics colonies of this species are good
candidates to be reared in laboratory cages, at least in the first
period of colony development, and to be closely followed when
transferred in the field when they become too large.

Laboratory Rearing

Laboratory cages can be of various sizes and materials according
to the type of research and depend on the time of the seasonal cycle
one wants to study. In his pioneering studies on the social behavior

of P. dominulus (then still named Polistes gallicus), Pardi L [8,9] used
to make observations on colonies he had transplanted at the initial
stages inside a net cage (4,40x4,35x2m), placed on the terrace of
a building of Pisa University, observing the entire cycle of colonies
founded in the cage by hibernating females. For convenience the
size of the cages in laboratory was progressively reduced (by Pardi
himself and then by other researchers) to cubic boxes 60x60x60cm
made of wood and glass. A further reduction was made with the use
of plastic or glass containers De Souza AR et al. [16] which permitted
a more accurate observation of initial foundresses associations
and the performance of good quality movies. Several studies were
done by various European and American researchers on different
aspects of biology of P dominula and other species of Polistes (for a
partial list see De Souza AR et al. [16]) using slightly different cage
models. One of us utilized even smaller cages for a study of the role
of body size in determining the reproductive hierarchy between
associated females [17].

Caged nests can be tracked easily for nest construction with
the supply of material of different color, for observing immatures
development, defensive behaviors when the colony is challenged
with predators, when the social organization of a colony is upset
with the elimination of important individuals etc. In a less cited
study [18] we were even able to transplant mature larvae in
artificial nests made with groups of single plastic cells. The nests
were adopted by the adults and we could measure the weight
of single larvae from the egg to the emergence of the pupae and
document the fine interactions with the adults.

Field Rearing

Jandt JM et al. [19], on Polistes fuscatus, observed that
conclusions obtained on social traits from colonies maintained
in too small cages could be misleading, with respect to those
obtained in field colonies. This can be solved by confining the nest
in a protected open box and leaving the wasps to go out freely for
foraging. We can induce the foundation of a nest in open boxes
previously prepared in an opportune place, and Polistes colonies in
open boxes can be easily transferred in new locations. Rabb RL et al.
[20] did it with colonies of Polistes fuscatus and P. exclamans, which
they posed in tobacco fields to counteract parasite infestations.
The same was performed by other researchers: Morimoto R [21]
stressed the importance of Polistes sp. as natural enemies of insect
pests; Giannotti E et al. [22] experimented P. lanius in sugarcane
plantations; Prezoto F et al. [23] used P. simillimus; Butignol CA
[24] P versicolor in urban areas; Elisei T et al. [25] P. versicolor
in Eucalyptus forests. Caged Polistes dominula colonies can be
transferred from one place to another if they are sufficiently active,
but acceptance is not always certain.

At present, our group has three different lines of research and
application ideas. The first is monitoring of presence of heavy
metals or other pollutants in the environment [26]. The second
is the study and application of transmission of microorganisms
(yeasts) in the vineyards [27]. The third and most important, is
the production of venom intended for Immunotherapy for allergic
subjects. Vespiculture is the solution to have a good number of
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colonies, sometimes difficult to find in nature, so that the increasing
demand for venom of this species can be met. Our team uses plastic
plant nursery pots with an opening of 16cm and a height of 20cm to
organize openair farms in the countryside where there is availability
of water and insects. The upside-down pots can be organized in
rows or in sectors that still allow easy handling and collection of the
pots. The pots we usually use have 7 holes for water outlet of 2cm
x 1cm, which are located at the base of the pot. We used both black
and brown vases, but the ones used by the wasps are preferentially
the black ones [28]. Single foundresses can build the nest directly in
the pots. The process cannot be facilitated by bringing hibernating
wasps or too young foundations inside, but the acceptance becomes
easier if the transplanted nests have various adults and many cells
with larvae and pupae. It is certain that the populating of the pots is
much easier if the foundresses come from colonies already present
in pots utilized the previous year.

To transfer a colony to an operating place, the exit holes are
plugged and the whole pot is placed in a bag. The bag will be
removed to the new place that must not be too close to the initial
position (to avoid wasps returning to the old place). At this point
we open the exit holes and wait for the wasps to come out to orient
themselves on the new location. In this regard, it is important that
the vase is marked as early as a few days before, with flashy signals.
The transfer shall be done in the early hours of the day when the
wasps are calmer and are mostly on the nest; a rough acceptance
of the new location can have a success of 40-50%. The second line
of research is the one that refers to the use of Polistes dominula
as carriers of yeast suitable for winemaking. The discovery that
Saccharomyces cerevisiae completes the entire biological cycle in
wasp colonies, including those of Polistes dominula [27], opens
interesting perspectives for the natural re-population of yeasts in
abandoned vineyards. In a recent paper under revision (Di Paola
and coworkers), females and males reared in the laboratory and
fed with sugar and marked yeasts have been able, once placed in
the vineyard, to convey the yeasts on the grapes. Later we found
these in wine. The result also suggests the possibility of intervening
naturally on the organoleptic characteristics of a given product.

The third line of applicative research carried out by our group
suggests the use of Polistes dominula vespiculture for the collection
of venom for medical purposes without having to resort to the
dissection of large quantities of animals. As described in a recent
publication [28], colonies bred in our containers can be regularly
subjected to venom sampling induced by light electrical stimulation.
The venom collected in this manner maintains the characteristics of
the one extracted with the dissection of the sac and the operation
can be repeated various times during the season [29].

Conclusion

The Vespiculture of Polistes has allowed to reach a very in-
depth knowledge of some characteristics of the social biology
of these wasps. In the laboratory it has led to the definition of
physiological and behavioral aspects and at the same time, has
given indications on the procedures to be followed for a breeding
carried out in the field, with the prospect of making it easier to use

these insects in various contexts (as agents in biological control, as
short-range biological indicators, as vectors of hostile or harmful
microorganisms, as supplier of compounds useful for medicine,
etc.) that will be expanded in the various congeneric species
widespread in temperate and tropical environments all over the
world. However, much remains to be done to refine the techniques
that may be important for the exploitation of these insects. Social
wasps, therefore, represent in general a largely unexplored
potential for applicative purposes and the reduction of their
populations requires their management that can also be obtained
through increasingly improved vespiculture practices.

References

1. Huang P, Carpenter JM, Chen B, Li T] (2019) The first divergence time
estimation of the subfamily Stenogastrinae (Hymenoptera: Vespidae)
based on mitochondrial phylogenomics. Int ] Biol Macromol 137: 767-
773.

2. HoagH (2020) Wasp venom can save lives. But the supply chain is shaky.

3. Aleccia JN (2017) Bee, Wasp venom shortage could be dangerous for
those with allergies.

4. Brock RE, Cini A, Sumner S (2021) Ecosystem services provided by
aculeate wasps. Biol Rev Camb Philos Soc 96(4): 1645-1675.

5. Itterbeeck JV, Feng Y, Zhao M, Wang C, Tan K, et al. (2021) Rearing
techniques for hornets with emphasis on vespa velutina (Hymenoptera:
Vespidae): A review. ] Asia Pac Entomol 24(2): 103-117.

6. Turillazzi S, West-Eberhard M] (1996) Natural history and evolution of
paper-wasps. Oxford University Press, Oxford, UK.

7. Starks PT, Turillazzi S, West-Eberhard M] (2006) Polistes paper wasps:
Emergence of a model genus. Annales Zoologici Fennici 43(5-6): 385-
386.

8. Pardi L (1940) “Poliginia vera ed apparente in Polistes gallicus L.
Processi verbali Societa” Toscana di Scienze Naturali 49: 64-70.

9. PardiL (1942) Research on Polystinians, V. The initial polygyny of Polistes
gallicus (L.). Bulletin of the Institute of Entomology of the University of
Bologna 14: 1-106.

10. Sledge MF, Boscaro F, Turillazzi S (2001) Cuticular hydrocarbons and
reproductive status in the social wasp Polistes dominulus. Behavioral
Ecology and Sociobiology 49: 401-409.

1

[

. Tibbetts EA, Lindsay R (2008) Visual signals of status and rival
assessment in Polistes dominulus paper wasps. Biol Lett 4(3): 237-239.

1

N

. Ugolini A (1985) Initial orientation and homing in workers of Polistes
gallicus (L.) (Hymenoptera, Vespidae). Zeitschrift fiir Tierpsychologie
69(2): 133-140.

1

w

. Hunt JH (1991) Nourishment and the evolution of the social Vespidae.
The social Biology of Wasps 426-450.

14. Beani L, Turillazzi S (1988) Alternative mating tactics in males of
Polistes dominulus (Hymenoptera: Vespidae). Behavioral Ecology and
Sociobiology 22: 257-264.

1

(92}

. Jeanne RL, Taylor B] (2021) Research techniques used in the study of
social wasps. Neotropical Social Wasps: Basic and Applied Aspects 337-
372.

16. Souza AR, Baptista CF Teixeira GV, Lima MA (2021) Artificial
environments for studying eusocial wasps. Neotropical Social Wasps:
Basic and Applied Aspects 435-442.

1

~

. Turillazzi S, Pardi L (1977) Body size and hierarchy in polygynic nests
of Polistes gallicus (L.) (Hymenoptera Vespidae). Monitore Zoologico
Italiano-Italian Journal of Zoology 11(1-2): 101-112.

Significances Bioeng Biosci

Copyright © Stefano Turillazzi


https://pubmed.ncbi.nlm.nih.gov/31269414/
https://pubmed.ncbi.nlm.nih.gov/31269414/
https://pubmed.ncbi.nlm.nih.gov/31269414/
https://pubmed.ncbi.nlm.nih.gov/31269414/
https://undark.org/2020/11/16/wasp-venom-shaky-supply-chain/
https://edition.cnn.com/2017/06/27/health/insect-venom-shortage-partner/index.html
https://edition.cnn.com/2017/06/27/health/insect-venom-shortage-partner/index.html
https://pubmed.ncbi.nlm.nih.gov/33913243/
https://pubmed.ncbi.nlm.nih.gov/33913243/
https://www.sciencedirect.com/science/article/abs/pii/S122686152100039X
https://www.sciencedirect.com/science/article/abs/pii/S122686152100039X
https://www.sciencedirect.com/science/article/abs/pii/S122686152100039X
https://www.jstor.org/stable/i23736669
https://www.jstor.org/stable/i23736669
https://www.jstor.org/stable/i23736669
https://link.springer.com/article/10.1007/s002650000311
https://link.springer.com/article/10.1007/s002650000311
https://link.springer.com/article/10.1007/s002650000311
https://pubmed.ncbi.nlm.nih.gov/18331973/
https://pubmed.ncbi.nlm.nih.gov/18331973/
https://onlinelibrary.wiley.com/doi/10.1111/j.1439-0310.1985.tb00140.x
https://onlinelibrary.wiley.com/doi/10.1111/j.1439-0310.1985.tb00140.x
https://onlinelibrary.wiley.com/doi/10.1111/j.1439-0310.1985.tb00140.x
https://www.degruyter.com/document/doi/10.7591/9781501718670-015/html?lang=en
https://www.degruyter.com/document/doi/10.7591/9781501718670-015/html?lang=en
https://link.springer.com/article/10.1007/BF00299840
https://link.springer.com/article/10.1007/BF00299840
https://link.springer.com/article/10.1007/BF00299840
https://www.tandfonline.com/doi/abs/10.1080/00269786.1977.10736294
https://www.tandfonline.com/doi/abs/10.1080/00269786.1977.10736294
https://www.tandfonline.com/doi/abs/10.1080/00269786.1977.10736294

SBB.000635. 6(2).2023

647

18.

19.

20.

21.

22.

23.

24.

Turillazzi S (1980) Use of artificial nests for rearing and studying Polistes
wasps. Psyche: A Journal of Entomology 87: 131-140.

Jandt]JM, Thomson JL, Geffre AC, Toth AL (2015) Lab rearing environment
perturbs social traits: A case study with Polistes wasps. Behavioral
Ecology 26(5): 1274-1284.

Rabb RL, Lawson FR (1957) Some factors influencing the predation of
Polistes wasps on tobacco hornworm. ] Econ Entomol 50: 778-784.

Morimoto R (1961) Polistes wasps as natural enemies of agricultural
and forest pests. I1I. Studies on the social Hymenoptera of Japan. XII Sci
Bull Fac Agric Kyushu Univ 18: 243-252.

Giannotti E, Prezoto F, Machado VLL (1995) Foraging activity of Polistes
lanio lanio (Fabr.) (Hymenoptera, Vespidae). An Soc Entorno Brasil 24(3):
455-463.

Prezoto F, Machado VLL (1999) Transfer of colonies of wasps (Polistes
simillimus Zikén, 1951) (Hymenoptera, Vespidae) to artificial shelters
and their maintenance in a culture of Zea mays L. Rev Bras Entomol 43:
239-241.

Butignol CA (1992) Observations on the bionomy of the predatory
wasp Polistes versicolor (Olivier, 1791) (Hymenoptera, Vespidae) in

25.

26.

27

28.

29.

Floriandpolis/SC. Annals of the Entomological Society of Brazil 19: 201-
206.

Elisei T, Nunes ]V, Ribeiro Junior C, Fernandes JA], Prezoto F (2012)
Management of social wasp colonies in Eucalyptus plantations
(Hymenoptera:Vespidae). Sociobiology 59(4): 1167-1174.

Urbini A, Sparvoli E, Turillazzi S (2006) Social paper wasps as
bioindicators: A preliminary research with Polistes dominulus
(Hymenoptera Vespidae) as a trace metal accumulator. Chemosphere
64(5): 697-703.

. Stefanini I, Dapporto L, Legras JL, Calabretta A, Paola MD, et al (2012)

Role of social wasps in Saccharomyces cerevisiae ecology and evolution.
Proc Natl Acad Sci U S A 109(33): 13398-13403.

Turillazzi F Pieraccini G, Turillazzi S, Orsi Battaglini N, Severino M
(2022) Venom collection by electrical stimulation in the invasive species
Polistes dominula reared using a vespiculture regime. Molecules 27(24):
8821.

Elisei T, Junior CR, Prezoto F (2021) Economic importance of neotropical
social wasps. Neotropical Social Wasps: Basic and Applied Aspects 443-
457.

Significances Bioeng Biosci

Copyright © Stefano Turillazzi


https://academic.oup.com/beheco/article/26/5/1274/242488
https://academic.oup.com/beheco/article/26/5/1274/242488
https://academic.oup.com/beheco/article/26/5/1274/242488
https://academic.oup.com/jee/article-abstract/50/6/778/871798
https://academic.oup.com/jee/article-abstract/50/6/778/871798
http://seb.org.br/admin/files/anais2/ANO%201995%20VOLUME%2024%20N03/1995_V24_N3_A5.pdf
http://seb.org.br/admin/files/anais2/ANO%201995%20VOLUME%2024%20N03/1995_V24_N3_A5.pdf
http://seb.org.br/admin/files/anais2/ANO%201995%20VOLUME%2024%20N03/1995_V24_N3_A5.pdf
https://periodicos.uefs.br/index.php/sociobiology/article/view/497/439
https://periodicos.uefs.br/index.php/sociobiology/article/view/497/439
https://periodicos.uefs.br/index.php/sociobiology/article/view/497/439
https://pubmed.ncbi.nlm.nih.gov/16406481/
https://pubmed.ncbi.nlm.nih.gov/16406481/
https://pubmed.ncbi.nlm.nih.gov/16406481/
https://pubmed.ncbi.nlm.nih.gov/16406481/
https://pubmed.ncbi.nlm.nih.gov/22847440/
https://pubmed.ncbi.nlm.nih.gov/22847440/
https://pubmed.ncbi.nlm.nih.gov/22847440/
https://pubmed.ncbi.nlm.nih.gov/36557953/
https://pubmed.ncbi.nlm.nih.gov/36557953/
https://pubmed.ncbi.nlm.nih.gov/36557953/
https://pubmed.ncbi.nlm.nih.gov/36557953/

	Investigating the Potential of Indigenous Soil Bacteria for Enhancing Thermal Conductivity: A Study 
	Abstract
	Introduction
	References
	_Hlk141198514
	_Hlk141198482

