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FOREWORD

glf all the main groups of social insects (ants, bees, wasps, and termites)
e social wasps are the smallest in terms of , i
lthough , st of number of species and
i 0111gd sox;leil spegles are familiar to the non-specialist public, our
nowledge of their behaviour is still very incompl .
I ete. There has b
recent account of British wasps and never S wi cen 1o
s one with the scope of the
ftfiﬁﬁidfff& ]l;he sBntISh wasp fauna is small even by European
behaviour of th r Spradbery has rightly provided a survey of the
the British specfe:ﬁ?gew%sps of other countries, since one understands
. r by seeing them in perspective and som
:ipg::gvéggb:r% hriI;o.re eai;'l)l'ﬂ ol;served in smaller colonies bﬁ?lit;
A . is particularly important if i
t : ; one wishes t
lilreit‘pﬁsmble' way in which the large and highly organized co?osqgges;
I tls -ﬁlfcms may have been evolved fhes o
w. "
our wilsP ecfﬁgn.d that Dr Spradbery gives a very complete account of
enemies and o nies, their lmtlatmx}, growth and reproduction, their
far from bein ommensals, and their interactions with man which are
There is an a & plg.e ly obnoxious since they destroy many insect pests
related soﬁtappen ix which shows how the species of our social and also
what is kno wxl;y flealtlsps can be identified. Wherever possible he tells us
in the whole 0 1t e behaviour of the individuals which when integrated
nests, to the re(;o'ony’ leads to the construction of large, complicated
climates, o a ¢ n%g qf some th.ous-ands of young and later, in temperate
of these pro apid disintegration in the autumn. The direct observation
dnematogra chtl:sses is often difficult and may require special cages
clear, conse f:l tiyv eazgcolggtlonﬁ?% I())ften continuous observation. The
een built y which Dr Spradbery is able to give us h
p from the work of EIve us nas
as he says of many observers over many ye
. » more workers are i y years and,
rapidly : now studying wasps and the subject i
i growing. Dr Spradbery’ g € subject 1s
Introdyct; pradbery’s work will serve not
Wish toCtxon to our present knowledge but also as a guide focr)rtlllly e\ ;n
make useful additions to the subject. 08e WAo
O. W. RICHARDS



‘It is only those who have learned to loye wasps
as some naturalists love bees who will be at

the pains to understand them.’
EDWARD LATHAM ORMEROD

British Social Wasps, published 1368
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PREFACE

This monograph aims to provide a detailed account of the ways of
wasps such that specialist and naturalist alike can better appreciate the
wasps’ diverse and remarkable habits. Although professional students
of wasp biology are few, it is hoped that this volume will appeal to a
wide range of entomologists, ethologists, teachers, and research workers,
and act as a source of reference and possibly inspiration to those who
appreciate wasps as an under-studied group of enormous interest and
research potential.

Although the wasps of Europe predominate in the text, due to my
familiarity with them and the bias of previously published work, I have
included, where appropriate, much that concerns wasps from other
parts of the world. Although less well understood, the more primitive
wasps of South-cast Asia and South America offer much that helps
our understanding of the diversity of social organization and its
evolution. ,

‘W AsPSs’ is not a popular narrative in the journalistic sense but is
intended to be a comprehensive account of the subject and the casual
reader may well pass over some of the more detailed sections. For
example, Chapter 2, which describes the morphology and anatomy of
wasps, is primarily for reference to which the reader may turn for
details or names of structures or in conjunction with the Keys to British
species of wasps. '

I hope the reader will share my interest in if not affection for wasps
and that some may be stimulated to indulge in their study.

This book could not have been written without the help and support
of colleagues and friends and the patience of my family. It is a pleasure
to thank the many people who have, by words and actions, encouraged
me throughout the past two years. For obtaining the raw materials, the
books and references, I am indebted to a number of librarians, notably

xiv
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Frances Barnes of C.S.I.LR.O. and Mary Blagden of The Royal Ento-
mological Society of London and also the services of the Australian
Scientific Liaison Office, London. For access to unpublished inform-
ation, ‘in press’ manuscripts and permission to quote from unpublished
theses, I am grateful to M. E. Archer, T. S. Arnold, H. V. Danks,
R. Edwards, F. Ennik, Dr J. B. Free, J. C. Felton, K. M. Guichard,
H. G. Hurrell, J. Ishay, J. L. Madden, M. Matsuura, N. B. Potter,
Professor O. W. Richards, E. Rivnay, S. Yamane, and P. F. Yeo. For
their help with translations I thank Angelica and M. Kunz, and E. O.
Miezitis (German), K. Abrahamsson and J. Forster (Swedish), and F. D.
Cumbrae-Stewart (Greek). Several people have kindly made nests and
insect material available to me including W. D. Hamilton, G. E. J.
Nixon, Professor S. Sakagami, Professor G. C. Varley, R. C. Watkins,
and I. H. H. Yarrow.

The distribution maps which appear in Appendix IV are due in large
measure to the co-operation of several specialists and museum authori-
ties and I would like to thank A. F. Amsden (National Museum of
Wales), J. Berreen (Birmingham Museum), P. F. Bird (City Museum,
Bristol), A. Brindle (Manchester Museum), J. Douglas, G. Else, W. M.
Guichard, C. O’Riordan (National Museum of Ireland), Professor
G. C. Varley (University Museum, Oxford), and P. F. Yeo for their help.
I am indebted to Dr J. Heath and his staff at the Biological Records
Centre for preparing the maps. There is much unpublished work of
mine in this book and I wish to thank P. F. L. Boreham, J. Gower, June
Olley, and D. A. Ratkowsky who helped me with statistical problems
and research facilities.

I wish to thank Blackwell Scientific Publications for permission to
use the original blocks for Figures 58, 60, 64, and 65. All other figures
are printed for the first time and where I have drawn on previously
published work, this is acknowledged in the legends. The manuscript
was typed by Jan Gillie, Margaret Reid, and Rosanne Waller and I am
grateful to them for carrying out their onerous task so efficiently. For
their help with the checking of proofs and the preparation of indices I
am indebted to my wife and Mariam Nor.

Iam indebted to colleagues who have criticized parts of the draft manu-
script and it is a pleasure to thank R. A. Bedding (11), C. G. Butler (10),
J. B. Free (4, 5), A. W. Frankland (12), W. D. Hamilton (14), Professor
T. R. E. Southwood (9), L. R. Taylor (9), and I. H. H. Yarrow (Appen-
dix I) for their comments, although errors which remain are entirely my
own. I am also grateful to the Director and Staff of the Commonwealth
Institute of Entomology for checking the nomenclature of mite and
insect names.

For providing the original photographic material, it is a pleasure to
acknowledge T. S. Arnold (Plate Xb), B. K. Filshie (Plates Ib, 1V,
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XXVII, and XXVIII), M. Matsuura (Frontispiece), and A. D. Johnston
(jacket and all other Plates except Plate XXV).

I am grateful to the Executive of the Commonwealth Scientific an_d
Industrial Research Organization, Australia, for granting me their
approval to undertake the writing of this book, and for the support of
the Chief of the Division of Entomology, Dr D. F. Waterhouse, F.R.S.

I am particularly indebted to a number of people who, in various
ways, made the preparation and writing of this book a more rewarding
and less tedious task than it would otherwise have been. Throughout the
gestation period I have been helped by my colleague, Alan D. Johnston,
whose sustaining enthusiasm is gratefully acknowledged. Thanks are
due to Dr Ian H. H. Yarrow of the British Museum (Natural History) for
his constant advice and encouragement and the forbearance with which
he answered my many queries. It is difficult to envisage writing about
wasps without the influence of Professor O. W. Richards, F.R.S., who
has been an inspiration for many years and whose generosity in allowing
me access to his collection of references, unpublished notes, and papers
made this work feasible. Finally, I thank my wife, Monica, whose sup-
port throughout the project has been complete.

J. PHILIP SPRADBERY

Hobart, Tasmania
April 1973.

CHAPTER 1

AN INTRODUCTION

More than four and a half thousand years ago King Menes, Pharaoh
of Egypt, was fatally stung by a wasp. The Children of Israel were
told: ‘I will send hornets before thee which shall drive out the Hivite,
the Canaanite and the Hittite before thee’ (Exodus xxiii:28). An old
German proverb says ‘God made the bee but the Devil made the wasp’,
while Aristophanes in his play The Wasps, ridiculed the Athenian jury
under the guise of wasps, describing them as the most irascible and
peevish of creatures. Yet, such a bad reputation is not altogether
deserved for we now know that the wasp’s role is often beneficial and
their predatory activities help suppress numerous pests. The social
wasps which build carton nests from wood fibres inspired man to copy
their ways and produce paper from wood pulp, while many believe
that the first earthenware vessels made by the tribal Indians of America
were inspired by the clay nests of Potter Wasps. Above all, wasps are
fascinating creatures to study for they display an enormous range of
social behaviour, much of it little understood, in spite of their frequent
incursions into our lives. Man’s contact with wasps has probably led to
more calumny than for any other insect for, traditionally, they have been
creatures to be feared. I believe this reputation to be ill-founded and
due primarily to a history of ignorance of their role in nature.

During the third century B.C., Aristotle’s observations on wasps,
which were recorded by his students at Lyceum, were remarkably per-
ceptive for their time. His descriptions of the life cycle and colony
development in social wasps (‘sphex’) and hornets (‘anthrenes’) in
Book IX of the Historia Animalia were to be without parallel for more
than two thousand years. Caste differences were appreciated, while the
solitary phase of nest initiation by the queen and the fact that only
queens survive the winter by hibernating, were all noted. His description
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2 WASPS

of mating behaviour (‘covering’) is remarkably precise and the sugges-
tion that the frequency of the queen’s wing-beat might attract males is
very much a present-day idea. A recent translation of Aristotle’s
account of wasp and hornet biology will be found at the end of this
chapter.

During the classical period, other writers such as Ovid (circa 50 B.C.)
in his Metamorphoses, Pliny the Elder (A.D. 60) in Historia Naturalis,
and Virgil (30 B.c.) in the Georgics were far from scientific in their
interpretations of wasp biology (Konig 1896). The prevailing concept
of spontaneous generation led them to believe that wasps were created
from the decomposing carcasses of horses — the warhorse producing
hornets. During the Middle Ages, Aldovrandi (1638) wrote briefly about
wasps in his De Animalibus Insectis while a wasp was pictured in
Mourret’s Theatorum Insectorum published in 1550. Remarkably little
scientific progress was made until the last century — even as late as
1807, Hollingshed the English naturalist gave considerable credence
to Pliny’s writings.

With the scientific renaissance in the mid- to late-eighteenth century,
the majority of the European social wasps and many of the solitary
species were scientifically named during the era of Linnaeus, Fabricius,
Gmelin, and Panzer. In 1719 de Réaumur published the first article
of his Histoire des Guépes in the memoires of the Royal Academy of
Science in Paris. The great French naturalist described the biology of
various social wasps, and included figures of them and their nests.
Réaumur also included a drawing of a Chartergus nest from South
America. The local Indians still sell these nests as curios to travellers.
A series of monographs on solitary and social wasps was published by
Henri de Saussure between 1852 and 1858. Important contributions
were also made by Paul Marchal (1896) and Robert du Buysson (1903,
1905) although the observations of Charles Janet (1895-1903) surpassed
all contemporary accounts with their details of nesting activities and
colony development.

Continental naturalists dominated the study of wasps during the last
century, although in 1858 Frederick Smith published the Caralogue of
British Fossorial Hymenoptera, Formicidae and Vespidae in the British
Museum which included descriptions of the British wasps. In 1896
Edward Saunders drew up the first key to separate them in his book,
The Hymenoptera Aculeata of the British Islands. More than a century
ago, Edward L. Ormerod, a physician by profession, published the
first monograph on the biology of the British social wasps, the ‘Natural
History of Wasps® (1868). Extensive observations and experiments on
social wasps were made by Sir John Lubbock, a notable politician and
naturalist, during the latter part of the nineteenth century. Lubbock
(1876) even maintained a Polistes colony at his home on one occasion,
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his fondness for wasps eliciting the following epitaph when the queen
eventually died: ‘she could but wag her tail, a last token of gratitude
and affection.’

At the beginning of the present century, foundations for the study
of South American wasps were laid down by Adolfo Ducke and the
father and son von Iherings (see Richards and Richards 1951), while
the travels of Francis X. Williams (1919, 1928), in the Pacific islands
and South America added considerably to an appreciation of the
diversity of the tropical wasp fauna. In 1922, William Mortimer
Wheeler published his series of classic lectures on social organization
in insects, Social Life Among the Insects, which formed the basis of
a comprehensive review in The Social Insects which appeared in 1928.

The greatest strides in our understanding of wasp biology have been
undertaken during the past thirty years, beginning in Italy where Leo
Pardi’s intensive observations on Polistes colonies led to an appreciation
of the interactions between the members of a colony with his discovery
of a pecking order or dominance hierarchy among the adults. These
studies were followed up and extended by Edouard-Philippe Deleurance
and his school in Paris during more than a decade of behavioural and
physiological studies on Polistes. The traditional interest in wasps by
French entomologists has been continued with distinction by Hubert
Montagner whose experimental studies on behaviour and physiology
have been directed at the social Vespinae, a notoriously difficult group
of wasps to manipulate because of their large and often aggressive
populations and enclosed nests.

The Oriental region has always been of great interest to entomologists
and many of Japan’s leading hymenopterists, notably Kunio Iwata,
Kimio Yoshikawa, and Shiochi Sakagami, have made intensive studies
of the solitary and social wasps of Japan and other parts of south-east
Asia. In Israel, Jacob Ishay and his collaborators have now worked
for a decade on the biology of the Oriental Hornet, Vespa orientalis F.,
solving many of the mysteries of colony life, notably the means of
communication in colonies. In 1969, colleagues of Ishay, headed by
R. Ikan, isolated and identified the ‘queen substance’ pheromone from
the hornet.

There has been an intensification of interest in tropical wasps since
the publication in 1951 of O. W. and M. J. Richards’s observations on
the social wasps of South America. The spate of recent expeditions to
the Mato Grosso in Brazil, which were made feasible by the opening
up of land routes since the creation of the new capital city, has given
added impetus to such studies.

Many of the more recent developments in wasp research have been
reviewed in scientific journals (Spradbery 1965, Richards 1971a and)
in the books, The Wasps (1970) by Howard E. Evans and Mary Jane
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Eberhard, and The Insect Societies (1971) by Edward O. Wilson. The
former book provides an excellent introduction, interpreting the word
wasp in its widest entomological sense, while the latter, with its encyclo-
paedic coverage, will surely be the standard reference book on social
insects for a very long time to come.

The modern English word ‘wasp’ was derived from the Anglo Saxon
words waefs, waeps, waesp which presumably originated from the root
webh — to weave, with reference to the paper nests of the social wasps.
There is considerable similarity in the colloquial term for a wasp
throughout the Indo-European languages and dialects with, for example,
the Lithuanian ‘vaspa’, Latvian ‘lapsene’, old Prussian ‘wobse’, Russian
‘ovsa’, Bulgarian ‘vosa’, Spanish ‘avispa’, Portuguese ‘abispa’, Italian
‘vespa’, and German ‘wespe’. It is of interest that in the contemporary
language of Japan, there is no colloquial word which distinguishes
wasps from bees, the word ‘kebachi’ sufficing for both. The word
‘wasp’ has a wide layman’s usage, embracing virtually all members
of the Hymenoptera — the insect order to which the bees, wasps, ants,
and allied insects belong. Even among entomologists, opinions vary
with regard to its use. In its broadest sense it includes all Hymenoptera
except bees, ants, and the suborder Symphyta. With respect to this mono-
graph, the word is used in its more restricted sense to comprise those
members of the superfamily Vespoidea —the True Wasps (see Fig. 1).

The Hymenoptera are a highly organized and abundant order with
a range of behaviour and specialization without parallel in the insect
world. Although estimates of their numbers vary, it is generally accepted
that there are about a quarter of a million species within the suborders
Symphyta and Apocrita. The parasite Apocrita, the Terebrantia or
Parasitica, outnumber the aculeate species. The Symphyta, so called
because the abdomen is broadly attached to the thorax, are wholly plant
or wood feeders during larval life and the adult females have ovipositors
adapted for sawing or boring into plant tissue in order to lay their eggs.
The Symphyta include the sawflies and woodwasps. The Aprocrita
are characterized by having the abdomen deeply constricted behind
the first abdominal segment which is fused to the thorax to form the
propodeum. This Suborder is divided into the Terebrantia (from the
latin terebra, borer) a predominantly parasitic group in which the
ovipositor is adapted for piercing and ovipositing in host material,
and the Aculeata (from the latin aculeus, prickle or sting) which includes
all the social Hymenoptera and the fossorial or digger wasps. The
ovipositor of aculeates is used for paralysing prey or defending the nest
and not for egg laying. However, the characters whereby the Terebrantia
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Figure 1. Dendogram showing the probable affinities of the major groups of

and Aculeata may be separated are not entirely consistent and many Hymenoptera.
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entomologists prefer to abandon the terms and consider the Apocrita
simply as a series of superfamilies. Nevertheless, the distinction is
sometimes useful and is indicated on the dendogram in Figure 1.

The Hymenoptera probably originated 300 million years ago during
the late Palaeozoic which marked the end of the Carboniferous era.
During the Mesozoic era which followed and lasted for 230 million
years, the order diversified until, by the Eocene some 60 million years
ago, vespoid wasps related to our contemporary social wasp fauna had
evolved.

The number of aculeate species is in the order of 50,000, the majority
represented by 10,000 to 15,000 ants and 20,000 bees, of which the
majority are solitary. The most primitive aculeates are represented
today by the Scolioidea, digger wasps, which are parasitic on the larvae
of ground-dwelling scarab beetles as well as sphecoid and vespoid
wasps. Ancestral scolioids probably gave rise to the three major lines
of aculeate evolution which culminated in the bees, wasps, and ants,

The evolutionary branch giving rise to the True Wasps split off
early to produce the ants — a wholly social group (including some
parasitic species). In Figure 1 I have indicated the likely branching within
the Vespoidea which comprises three families, the Eumenidae, Masari-
dae, and Vespidae. The Masaridae are the only vespoid group which
provision cells with nectar and pollen, all others being carnivorous
during the larval stages. Although no masarid wasps occur in the
British Isles, several species are found in continental Europe. The
Masaridae and Eumenidae are wholly solitary in their behaviour.

The Vespidae comprise three subfamilies, the primitive Stenogastrinae
of south-east Asia, the widely distributed and diverse Polistinae, and
the Vespinae which include British social wasps. Although there are
thousands of species of vespoid wasps, only 800 or so are social or
sub-social.

Definitions of social organization are largely determined by the
interests of the specialist. For example, ornithologists would consider
the nesting behaviour of birds and the rearing of young by the parents

to be a full expression of sociality. However, among insects there is a

greater range of social behaviour with species that have explored to
varying degrees almost every conceivable avenue of sociality. It is
this often bewildering array of social phenomena among wasps that
has made their study a particularly absorbing and satisfying one for
ethologists and students of evolutionary processes.

Most entomologists would agree that to be truly social an insect
must qualify on three counts. The first criterion is that members of the
same species co-operate in the care of the young; secondly, that a
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reproductive division of labour be apparent with reproducing individuals
being aided by more or less sterile members; and finally, that genera-
tions overlap so that the offspring assist the parent or parents (Wilson
1971). To distinguish true social life (‘eusocial’) from intermediate
forms of social organization, Michener (1969) has defined various levels
of sociality among insects. A fully solitary species is one in which there
is no co-operation in brood rearing and no reproductive division of
labour or overlap of generations - the converse of eusocial organization.
Examples in which adults care for their immature stages such as occurs
in many earwigs, beetles, bugs, and crickets is defined as sub-social.
In these cases, the parent guards the larval or nymphal food source
from competition by other members of the species or parasites of
various kinds. They may also protect the young from fungal disease
and environmental extremes. Cases in which individuals of the same
generation are aggregated within a composite nest structure or shelter
are defined as communal and examples include many species of sawfly,
tent caterpillars, and groups of hibernating beetles. The advantages
of communal organization include protection from natural enemies
and the vagaries of climate, and often a more efficient exploitation of
available food sources. Instances in which the members of a communal
group co-operate in the care of the brood such as occurs in many
euglossine bees and most Stenogastrinae are called quasisocial. The
final category in pre-social organization is the somewhat theoretical
situation in which a reproductive division of labour occurs in a quasi-
social group and is termed semi-social. This situation occurs temporarily
in some Polistes wasps and halictine bees when colonies are established
by two or more females. In these cases, one female, through a ritualized
dominance struggle, becomes the sole egg layer, the remaining females
behaving as non-reproductives or workers. However, with the emergence
of offspring which remain on the nest and assist in the rearing of larvae,
the organization eventually becomes eusocial.

Distinctions between the solitary and social members of the Vespoidea
are primarily on a behavioural and physiological level, there being a
conspicuous lack of structural specialization. The facility with which
both solitary and social wasps integrate their physical activities during
flight or when capturing prey and manipulating building materials is
another family characteristic. Feeding habits are also comparable for
the adults feed mainly on carbohydrates while the larvae are largely
insectiverous.

Ecologically, the two families are quite different for the solitary
wasps make small nests with a few cells, generally using mud or clay
in their construction, while the social wasps usually construct large
paper-like nests fabricated from vegetable materials. Eumenid wasps
tend to disperse their nests within a small area, the extent determined
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by the availability of suitable nest sites and building materials while the
social wasps concentrate their domestic activities within the confines
of a single nest unit in which hundreds or thousands of brood are reared.
The large and distinctive nests of the social wasps create a further and
perhaps more imposing difference between the families, for the sheer
number of individuals in a large colony frequently leads to their
intrusion into our human lifes. It is very probable that most people
have had wasps dispute the ownership of a sandwich, seen a nest or
two and perhaps been stung, while personal experience of the solitary
wasps is likely to be meagre.

In the British Isles, the wasp fauna is notable for the paucity of
species, only Eumenidae and Vespidae being represented while none of
the wide-ranging Polistinae are found, although the ubiquitous Polistes
is occasionally introduced from continental Europe. Of the fifty or
sixty species of Vespinae which occur in the world, only seven are
found in Britain, while twelve are distributed throughout Europe and
sixteen occur in North America.

The British species include the numerically dominant ground-
dwelling wasps, Paravespula vulgaris (Linnaeus) and P. germanica
(Fabricius), the unobtrusive Vespula rufa (L.) with its associated
social parasite Vespula austriaca (Panzer), and the two bush or tree
nesting species, Dolichovespula norwegica (F.) and D. sylvestris (Scopoli)
(see ‘Check list of British Vespoidea p. 339). The hornet, Vespa crabro
L., also occurs in Britain (though not in Ireland) and has become
established in North America. The eumenid fauna is very poorly
represented, for only 22 of the 100 species on the European list are
found in the British Isles (see Check list p. 320). Many of these solitary
wasps are extremely local in their distribution and the majority are
restricted to southern England where the climate is more equable.

At this point I should perhaps offer some justification for the use of
several generic names for the social wasps of Britain. During the
eighteenth century when Linnaeus, Fabricius, and others began the
scientific naming of insects, the all-embracing generic name Vespa
(from the Latin word for a wasp) was used for virtually all wasps,
both social and solitary. Some major renaming was obviously necessary
and several new genera of solitary wasps were established by the late
nineteenth century. Vespa was retained for the social species until
1869 when C. G. Thomson erected a new genus, Vespula (the diminutive
of Vespa) for all social wasps, reserving Vespa exclusively for hornets.
In 1916, Rohwer proposed the genus Dolichovespula (from the Greek
dolichos, long) for the tree or bush nesting species which are charac-
terized by their long ‘cheeks’ or malar space, and in 1938 Bliithgen
placed the subterranean nesting species, vulgaris germanica and rufa
into a new genus, Paravespula. More recently, Bliithgen (1943) sub-
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divided Dolichovespula and Paravespula, creating a number of sub-
genera: Dolichovespula was split into Boreovespula (to include nor-
wegica), Metavespula (to include sylvestris) and Dolichovespula (no
British representative); and Paravespula into Allovespula (to include
rufa) and Paravespula (to include vulgaris and germanica). If Bliithgen’s
nomenclature is accepted, there are five generic and subgeneric names
available for the six species of social wasps in Britain. I hardly think
such a separation is justified, yet retention of the original Vespula
grouping*, while being useful as a collective name, obscures the consider-
able differences among the Vespinae. On morphological and biological
grounds there is reasonable justification for treating Dolichovespula,
Paravespula, and Vespula as distinct genera. Many differences will
become apparent from succeeding chapters, namely the siting and size
of nests, details of nest architecture, the duration of colony life, and
complexity of social organization.

Paravespula species (vulgaris and germanica) are undoubtedly the
most highly developed group with the largest colonies, while Dolicho-
vespula species (norwegica and sylvestris) form a distinct genus which
construct small, predominantly aerial nests. Vespula rufa is somewhat
intermediate with small subterranean nests and a social organization
and colony size similar to Dolichovespula. There is no reason why the
social parasite, austriaca should be placed in a different genus for it is
morphologically very close to its host V. rufa, the major differences
being associated with its parasitic habit. A further justification for the
nomenclature that has been adopted in this book is its almost universal
use by Continental entomologists and most British taxonomists.

Of all the social insects, the wasps are the poor relations when
measured in terms of scientific papers and books. I estimate that there
are fewer than 3,000 publications on wasps compared to 12,000 on
termites (W. A. Sands, personal communication), 35,000 on ants
(Sudd 1967), and a prodigious 50,000 on bees (J. B. Free, personal
communication). Economic considerations have undoubtedly con-
tributed to these disparities. Yet the wasps provide, in their range of
behaviour and levels of sociality, the clearest examples of the stages
which led from solitary to social life and are deserving of considerably
more study. Their abundance has prompted Professor Jean Leclercq
of Belgium to suggest that the common social wasps be used as standard
entomological material for schools and universities because they are
ideal subjects for introducing basic concepts of taxonomy, structure,
behaviour, and social organization.

*Where Vespula appears in the text without species names, it is being used as the
collective word in the original Thomson sense.
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Since the publication more than a century ago of Ormerod’s Natural
History of Wasps, there has been no book devoted to the biology and
natural history of the True Wasps. Until recently, published informa-
tion has been meagre and widely scattered in the literature, although
the last decade has seen a resurgence of interest which has led to a much
greater understanding of their biology. This is especially true of popula-
tion studies, evolutionary genetics and the physiological and biochemical
aspects of communication. A stage has now been reached when a
review and synthesis of current ideas and lines of research is appropriate.

ARISTOTELIS HISTORIA ANIMALIVM?
Book 9, ch. 41

The [lore] about the bees, then, is of that fashion, but of the wasps®
there are two kinds. Of these the wild ones are rare, they live in the
mountains, and bring forth not underground but in trees. In shape they are
bigger and more elongated and black skinned more than the others, but they
are variegated and all with stings and stronger? and their wound is
more painful than of thoset. Indeed, their sting is proportionately
bigger than theirs. These, then, live the whole year through, and are seen
even in winter flying out of cut trees, but they live lurking in holes during the
winter. Yet their haunt is in pieces of wood. Of these are the metrae® and the
workers, as also of the tamer [wasps].

Now what is the nature of the worker and of the metra in the tamer is
clear. For there are of the tamer wasps two kinds, the leaders,®
whom they” call metrae, and the workers. The leaders are much
bigger and gentler. The workers do not live the whole year through,
but they all die when winter sets in (now this is manifest: for at the beginning
of winter their workers become sluggish and by the solstice they quite
disappear), but the leaders, which are called metrae, are seen through the
whole winter and lurk in holes in the ground. For many ploughing and
digging in the winter have seen metrae, but no-one workers.

The birth of wasps is in this wise. The leaders when they take a place with
a good view make themselves nests and® put together what they call combs®
which are small, with as it were four doors or thereabouts, in which wasps
are born and not metrae. When those have grown, again after those they put
together other bigger ones, and again when those have grown others, so
that when autumn comes wasps’ nestsl® are very many and big, in which the
leader, which is called metra, no longer begets wasps but metrae. These are

1. Aristotle: Researches on Living Things (c. 330 B.C.). 2. Zofikes, spheces.
3. or braver. 4. i.e. bees. 5. Mfjtpat, metrae, wombs. Latin, matrices. The
word might be of foreign or aboriginal origin in its application to wasps.
6. Hyspoves, hegemones. 7.1.e. men. 8. Zonxwvels, sphecones. 9. Knpio, ceria.
10. Zonkia, sphecia.
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big grubs! up on the top of the nest in contiguous cells!? four or a little
more, almost as those of the leaders in the combs.

When the worker wasps are born in the combs, the leaders no longer
work but the workers bring them in their food, and this is clear from the
[fact] that the leaders no longer fly out from the workers but staying within
take their rest. Whether the leaders of the year before, when they have made
new leaders, are put to death by the new wasps, and this fits equally, or they
can live a longer time does not yet appear. Nor has anyone who has looked
seen old age neither of a metra nor of the wild wasps nor any other suffering
of that sort. The metra is broad and heavy, and thicker and bigger than the
[ordinary] wasps and because of its weight not strong enough for flying,
nor can they fly much. So they always sit in the nest, fashioning and governing
their internal [arrangements]. In most nests there are those that are called
metrae.

There is a dispute whether they have stings or are stingless, but they are
likely, like the leaders of the bees, to have [them] but not to put [them]
forth or cast [them]. But of the wasps, some are stingless, like drones!3
and others have a sting, The stingless are smaller and feebler, and do
not defend themselves. They that have stings are bigger and strong. Some
call these males and the stingless females. Towards winter many of those
having stings seem to cast [them]. But we have not yet happened on [a case]
with our own eyes.

Wasps are born more in droughts and in rugged places. They are born
underground and fashion their combs of rubbish and earth, each from one
beginning as from a root. They use for food [what they take] from certain
flowers and from fruits, but [take] most [of it] from animal food.
As yet some have been observed covering!¢ others, but whether both
stingless or having stings or one with and one without has not yet
been observed. And of the wild [variety some have been] seen covering,
one of them having a sting, but of the other it has not been observed. The
offspring does not seem to come from birth but straightway to be bigger
than a wasp’s birth. If one takes a wasp by the feet and lets its wings buzz,
the stingless will fly towards [it] but they that have stings will not fly towards
[it], which some use as evidence that the ones are male and the others female.
In winter there are found in holes some having stings and some not having
[stings]. The former build small and few nests, the latter many and large.
They that are called metrae are found at the turn of the season, many around
elm trees. They choose the sticky and gummy [ones]. A multitude of metrae
was somewhere born when in the year before there were many wasps and much
rain. They are caught around overhanging banks and straight cracks in the
ground and all appear to have stings.

Ch. 42

The [lore] about the wasps, then, is of that fashion, but the hornets!s
live not gathering flowers like the bees but eating many different

11. ZkbAnkes, scholeces. 12. @upides, thyrides. 13. Knofives, cephenes.
14. As a stallion covers a mare. 15. ’AvBpfiva, anthrenae.
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form of flesh (wherefore also they stay round dung. For they hunt the
big flies and when they have caught [one], having taken off the head,
they fly off bearing the rest of the body), and they attack sweet fruit.
They use then the food that has been mentioned and they have leaders like
the bees and the wasps. And these leaders are bigger in size proportionately
to the hornets than the wasps’ to the wasps or the bees’ to the bees. This one
also spends his time within, like the leader of the wasps. The hornets make
their hive® underground, carrying out earth like the ants.

There is no swarm, as of the bees, neither of these nor of the wasps, but
always the newer ones that come into being stay there and they make the hive
bigger carrying out the earth. The hives become great. So far from a flourish-
ing hive three or four baskets of combs have been taken out. Nor do they store
food like the bees, but they lurk in holes for the winter but most of them die.
But if even all is not yet clear. The leaders are not more than one in the hives,
as in those of the bees, and they destroy the hives of the bees. When any of
the hornets have wandered away from the hive, turning to certain wood they
make combs of a kind often seen on the surface, and in this they make one
leader. This when he is come out and is grown, goes away taking [them] and
settles [them] with himself into a hive. Of the covering of hornets nothing
has yet been observed nor whence the offspring is born.

In the bees, then, the drones and the kings are stingless and of the wasps
some are stingless, as has been said earlier, but all the hornets appear to
have stings. Yet it is rather [a question] to be looked at about the leader, if
he has a sting or not.

Book 5, ch. 23
The hornets and the wasps make combs for the offspring, when they have
not a leader but have strayed away and not found [the hive], the hornets in a
place high above the ground and the wasps in holes, but when they have a
leader, underground. All their combs are six-sided, as also those of the bees,
and the comb is put together not of wax, but of rubbish and cobwebby stuff.
The comb of the hornets is much hollower than that of the wasps. They
put in offspring, like the bees, as big as a drop sideways in the cell'”
and it sticks to the wall. The offspring is not at the same time in all the
cells, but in some they are already big so as even to fly, in some
nymphs® in others still grubs. There is dung only round the grubs,
as also with the bees. And when they are nymphs they are motionless and the
cell is smeared over. Vertically in the cell of the offspring there is as big as a
drop of honey in the combs of the hornet. The larvae!® of these are born not
in the spring but in the autumn. They clearly take their growth most in the
seasons of full moon. Both the offspring and the grubs are held not from
the bottom of the cell but across it.
Translated from the Royal Prussian Academy’s edition of Aristotle’s
Works, 2nd ed., Berlin, 1960, by F. D. Cumbrae-Stewart, Esq., Barrister-
at-Law, Hobart, Tasmania.

16. Zufivos, smenos. 17. Kottopos, cyttarus. 18. NOuear, nymphae.
19. Zyd&doves, schadones.

CHAPTER 2

FORM AND FUNCTION

Wasps have received scant attention by morphologists and physiologists.
The anatomy and morphology of Eumenidae and Vespidae are very
similar and, except where indicated in the text, the following description
is intended to cover both families. The studies of Duncan (1939) on
American Vespinae give a more detailed account of adult structure.

ADULT MORPHOLOGY

The adult wasp (Plate I - top) has a jointed exoskeleton or cuticle
consisting of a series of hard plates, the sclerites, which are either
Jjoined by membranes for flexibility, closely articulated for precise
movements, or fused to form protective areas and rigid attachments for
the locomotor systems. The membranes are restricted to the neck,
the petiole, wing and leg joints, and the intersegmental membranes of
the abdomen, where they permit the necessary movement of the head
and locomotor organs, and manipulation of the genitalia. The segmental
plan on which the insect is based consists of a dorsal sclerite (tergite)
and ventral sclerite (sternite) joined by lateral membraneous areas
(pleura). These segments are grouped into three main regions, the
head, thorax, and abdomen, in which the basic segmental plan is
modified or even lost. From the sterno-pleural region arise the jointed
appendages characteristic of the Arthropoda, with three pairs of walking
legs on the thorax, and a series of head appendages which are modified
for feeding and other activities. The terminal abdominal appendages
are incorporated into the external genitalia.

Much of the cuticle is covered with hairs, the setae, which are pre-
dominantly sensory in function, especially those found on the antennae,
mouthparts, and genital palps. Single hairs, or tufts of hairs, at the
junctions of sclerites act as proprioreceptors, sense organs which
continually monitor the position of the various parts of the body and
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help the insect to maintain its stability. In Dolichovespula saxonica,
(F), the hair-tufts or hair-plates are found at the antennal, cervical,
petiole, and coxal joints (Markl, 1962). Setae may sometimes be of
considerable value in taxonomic studies.

The black and yellow coloration of the Vespoidea is a striking
characteristic of the superfamily in Britain, although red, orange, and
metallic colours are not uncommon in wasps from other parts of the
world. Different colours are produced by the differential absorption
and reflection of light. Black is produced if all visible wavelengths are
absorbed, white if all are reflected, the absorption of light being due
to pigments and reflection to structural features of the surfaces. The
black coloration of wasps is produced by the pigment melanin which
occurs in granular form within the cuticle, while the yellow colours are
created by the pterin pigment, xanthopterin, which is metabolically
important in growth and differentiation. Apart from the metabolic
functions of these pigments, the coloration of wasps is important in
their defence.

A predator which attacks a wasp and is subsequently stung, would
establish a painful association between being stung and the yellow
and black banded insect. In this way very few encounters would be
experienced before the predator learnt to avoid wasp-like prey. This
is possibly one reason why the different wasp species look so alike, for
predators would only have to learn the basic colour pattern of one wasp
species to avoid the others, rather than the more wasteful process of
learning to avoid several dissimilar patterns. The eumenid wasps, which
use their sting only to paralyse prey and not for defence, presumably
gain considerable advantage by having colour patterns which mimic
those of the vespid wasps.

The shape and position of colour patterns in wasps are of considerable
importance in their taxonomy.

The Head

The head consists of a strongly sclerotized capsule composed of
fused sclerites, joined to the thorax by a flexible membraneous neck
(Figs. 2, 4). The lines or grooves on the surface of the capsule
indicate either the fusion of formally distinct sclerites, or ridges on the
inside of the cuticle which form an endoskeleton (the tentorium) for
the protection of delicate organs and for the attachment of muscles.
Those lines which indicate the fusion of sclerites are called sutures,
and the remainder are called sulci. The head of wasps is typically
hypognathous — the mouthparts directed downwards, with the long
axis of the head being vertical. The head is the main receptor area of
the wasp, bearing the compound eyes and ocelli, the antennae, and the
sense organs associated with the mouthparts. In many eumenid wasps,
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small hair-filled depressions on the head, the fovea, possibly have a
sensory function.

The grooves on the head capsule are the post-occipital suture which
forms a ring round the occipital foramen through which the neck passes,
the occipital sulcus which often forms a well-defined ridge or carina
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F_igure 2. Morphology of head structures, Paravespula vulgaris queen: (a) lateral
view of head; (b) frontal view of head; (c) posterior view of head; (d) antenna
(original).
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marking off the posterior part of the head capsule, the epistomal sulcus
between the ventral margin of the antennal sockets and enclosing the
anterior tentorial pits, the antennal sulcus which forms a circle around
the antennal socket, and the circumocular sulcus surrounding .the
compound eyes. The tentorial pits indicate where arms of the tentorium ‘
are invaginated.

The sclerites which form the head capsule are the vertex (dorsal
part of head continuous with frons and genae, bearing the ocelli and
fovea), the frons (area between compound eyes), the clypeus _(fused ,
dorsally to frons along the epistomal sulcus), antennal sclerite (circular !
sclerite articulating with scape of antenna), the occiput (dorsal part of
head between occipital sulcus and post-occipital suture), post-gena
(ventral part of head between occipital sulcus and. ppst-occipital suture
forming a post-genal bridge posteriorly and providing support for the
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4125131

FORM AND FUNCTION 17

musculature of the mouthparts), and the post-occiput (defined by the
post-occipital suture anteriorly, forming a sclerite around the cervical
foramen and bearing condyles for the articulation of the thorax).

The Eyes. The compound eyes are dominant structures of the head,
occupying a greater part of the capsule, and giving the wasps the
acuteness of vision which is characteristic of the group. The compound
eye in Vespoidea is excised along its inner margin to form a kidney-
shaped sinus. The large number of facets or retinal elements which
comprise the compound eye would account for the high degree of
visual acuity in wasps. There has been little research into colour vision
of wasps, although Mazokhin-Porshnyakov (1960) suggests that P.
vulgaris, D. sylvestris, and V. rufa can distinguish green, yellow, and
orange, but there is no evidence yet that wasps can perceive ultra-violet
light in the same way as the honeybee.

The ocelli, which are well developed in wasps, consist of a group of
visual cells (rhabdoms) beneath a common lens. They are undoubtedly
light-sensitive organs, but their exact function is not fully understood.
They possibly accentuate the response to light stimuli perceived by the
compound eyes (Miiller 1931) and may have some relevance in the
regulation of diel (circadian) rhythms. In the nocturnal polybiine wasps,
Apoica spp, the ocelli are enlarged (Richards and Richards 1951).

The Antennae. The antenna is composed of a basal segment, the
scape, which articulates with the head via the antennal sclerite, a one-
segmented pedicel, and a flagellum composed of 12 segments in females
and 13 segments in males. This sexual dimorphism is further emphasized
in some eumenid males which have the terminal segments modified
to form a hook - probably used to retain the female’s antennae during
courtship. Together with the eyes, the antennae are the principal sense
organs and they are covered in a wide variety of sense cells, including
sensory hairs or sensillae, and various peg and plate organs (Plate TV).
These sense cells, derived from epidermal cells and incorporating
cuticullar structures, are principally concerned with the reception of
tactile and olfactory stimuli but possibly function as temperature and
humidity receptors also. Scanning electron microscope pictures of the
seventh antennal segment of V. rufa specimens show that the female
castes and males have similar sense organs. The dominant structures
are the trichoid sensillae, hair-like processes jutting out from the surface.
There are three styles, a long thin one, a long but broader type, and a
shorter conical-styled seta. The first two types are probably mechano-
receptors and the cone-shaped sensillac are likely to be-oHactory
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receptors. The ‘plate organs’, placoid sensillae, are abundant on the
antennae where they function as olfactory receptors. In the honeybee,
they are known to be sensitive to ‘queen substance’ and the odour
produced by the Nassonov gland (Kaissling and Renner 1968). Peg-like
organs, sensillae basiconica, are scattered infrequently over the surface
of antennal segment seven, appearing in the females as recessed struc-
tures although in males, they protrude considerably (compare ¢ and d,
Plate IV). The functions of sensillae basiconica are imperfectly under-
stood, suggestions ranging from mechanoreceptors due to stretching
of surrounding cuticle or compression of the peg, to receptors sensitive
to temperature, humidity, and carbon dioxide concentration. No other
surface sense organs were detected but they may well occur on segments
other than those I have studied. A similar range of sensillaec have been
demonstrated in Polistes’ antennae, although many of the trichoid and
basiconicoid sensillae are corrugated or with helical striations (Callahan
1970).

Boistel and others (1956) in antennogram studies on Vespula species,
noted that deformation of the antenna by bending produced marked
electrical activity, and a variety of odours also produced electrical
responses in the antenna. A sense organ common to all insects with
annulated antennae is Johnston’s organ which is found in the pedicel.
This organ detects movements of the flagellum and probably behaves
as a flight-speed indicator when the flagellum is bent back on the
pedicel due to wind speed.

The males of some species of wasp (e.g. V. crabro) have longitudinal
keels on the flagellar segments which probably have a sensory function,
and can be useful characters in taxonomic studies (Plate IV e, f).
Further functions of antennae in vespine wasps include their role in
trophallaxis, for it is with these appendages that food exchange is
initiated and maintained (Montagner 1964), and cell construction
(Eberhard 1969).

The Mouthparts. The appendages which comprise the mouthparts
of wasps are designed primarily for biting, licking, and mastication, and
are comparatively unmodified when compared to a primitive hymenop-
teran such as the sawfly. The principal components are the labrum in
front of, and median hypopharynx behind the mouth, paired mandibles
?nd maxillae laterally, with an unpaired labium forming a lower lip
Fig. 3).

The labrum, which is hidden to a greater or lesser extent by the
elongated clypeus, bears numerous sensory setae and an epipharynx
which extends from its ventral surface to form a dorsal lip to the
mouth. The labium is composed of a large prementum which is deeply
pouch-like in form, and a ligula which is made up of elongated para-
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glossae and a bilobed, spatulate glossa with four-segmented labial
palps. In Vespidae, the paraglossae are part of the functional licking
apparatus, but in Eumenidae they are elongate and more palpate in
form and are possibly more sensory in function.

The maxillae are relatively unmodified and very similar throughout
the Vespoidea, being composed of a cardo, stipes, a reduced lacinia,
and broad galea, with six-segmented palpi. The cardo articulates with
the head capsule via the sub-gena while the galeae sheath the Iabium
dorsally.

Functionally, the mandibles are used for biting, tearing, shearing,
and carrying prey; picking up stones and debris while excavating or
practising nest hygiene; scraping woody fibres from plant material or
soil from the ground during nest construction; and in the young adult
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they are the structural passport for chewing their way through the
cocoon cap or earthen plugs of the rearing cell. Consequently, the
mandibles are stout and heavily sclerotized, with a toothed cutting
edge along the inner, distal margin. Imms (1957) succinctly describes
the mandibles of wasps as structures of ‘industrial rather than trophic
function’.

Adult wasps feed on a liquid or semi-liquid diet for large particles
of food cannot travel down the narrow oesophagus where it passes
through the cervical region. The labium and maxillae have a well-
developed musculature (Duncan 1939) and may be extruded up to 4 mm
from their resting position behind the mandibles. With its finger-like
paraglossae and lobed glossa, the labium in action is best described as
a ‘hand’ with fingers extended, taking fluid with a scooping and grabbing
movement. Fluid is retained through capillary action by the rows of
small spatulate setae covering the surface of the labium, and is trans-
ferred to the maxillae and thence to the hypopharynx in a ‘wiping-off’
action. Food passes over the floor of the hypopharynx and into the
cibarium, the latter acting as a sucking pump due to the rapid expansion
and contraction of its associated musculature. The feeding motions
described here may be readily observed down the microscope, using a
lightly anaesthetized wasp.

An unusual structure found in the head of wasps is the infrabuccal
pouch or gnathal sac, situated below the hypopharyngeal lobe. Its
function appears to be that of a receptacle for the dust and detritus
wiped off the mouthparts during grooming. It opens through a slit-like
mouth and microscopic particles of dust are found inside. There is no
apparent means of emptying the pouch.

Most of the surface area of the mouthparts are well endowed with
sensory hairs of various lengths which are used for testing food,
although the lobes of the lacinia and galea probably serve a secondary
function as cleaning organs (of the brush or broom variety) for the
antennae, maxillary and labial palps, and the forelegs.

The mouthparts of vespine wasps are slightly modified according to
the sex or caste of the individual (Green 1931). For example, males
have proportionally smaller mandibles for their head size, and the
labium in workers is somewhat reduced, although their paraglossae
are conspicuously larger. These differences are of obvious functional
importance in the wasp colony, for males do not forage and an increase
in the ‘licking up’ capacity of workers would be an advantage when
collecting fluids.

Food finding among the Vespoidea is a result of responses to distant
and proximal stimuli, perceived as an amalgam of olfactory, visual,
tactile, and gustatory messages. As will be seen in the chapters concern-
ing Eumenidae and foraging in Vespidae, the range of food is wide.
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The Thorax and Appendages

The thorax consists of three segments, the prothorax anteriorly,
mesothorax centrally, and metathorax posteriorly, with legs attached
to each segment, and wings attached to the meso- and metathoracic
segments. Thus, the thorax is the major locomotor centre of the adult.
In common with all Aprocrita, the first abdominal segment, the pro-
podeum, is closely joined to the thorax, the fusion taking place during
pupation.
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The Thorax (Figs. 5 and 6). The prothorax, which is the smallest
thoracic segment, is divided into a dorsal notum I (pronotum) which is
attached to the second segment along the anterior margin of the
mesothorax, and a pleuron (or propectus) which is formed by the
fusion of the propleuron, prosternum, and cervical sclerite, and can
move on the pronotum. The pronotum is sharply angled between its
anterior and posterior margins to form a pronotal collar on its anterior
face which is produced laterally to form the pronotal angles, which are
of systematic importance in Eumenidae. Posteriorly, the pronotum is
produced backwards to form the swollen, pronotal tubercles which
cover the prothoracic spiracles. The prosternum is contiguous with

scutellar

cre
mesoscutum T8t mesoscutellum

tegula

() R

notum | -
pro-notal \

colfar.
\

pleuron (\ )\\\
— S
dorsal \'\// \

mesepisternum

y—

‘notum I}
propodeal spiracle

\___propodeum

AY dorsal metapleuron
)] posterior suture
\/_ventral metapleuron

~abdominal
" segment 1|

/
‘—/
coxa | . coxa Il
mesepimeron coxa il
ventral

mesepisternum

(b) notum 1 tegula mesoscutelium

————— notum [l
pro-notal angle >
Sy

;réﬁcg;?n 7 posterior face
. = of
ieas . propodeum
parapsidal K \ =
furrow N AN
4 N\
‘} P
. Ry .
sub~parapstd trans-scutal
furrow sulcus

Tmm

Figure 6. Thorax and propodeum of Ancistrocerus parietum (after Felton 1954):
(a) lateral view of female; (b) dorsal view of female.
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the other sclerites of the propleura and is generally only visible by
dissection. The coxae of the forelegs occur below the propleuron.

The mesothorax is the largest thoracic segment, underlining the
importance of this region which houses much of the flight muscles
and to which the large forewings are attached. This segment is divided
into a dorsal mesonotum, composed of the mesoscutum and mesocutel-
lum, and a ventro-lateral mesopleuron (or mesopectus) composed of
an anterior mesepisternum and posterior mesepimeron divided by the
pleural sulcus. The sculpturing of the mesopleuron is important in the
separation of Symmorphus species.

The metathorax, which bears the relatively smaller hindwings, is
divided into a metanotum (notum III} a narrow sclerite which, in the
Vespidae, is extended angularly into the propodeum, and the meta-
pleuron (metapectus). The metapleuron is composed of the original
sternite and pleuron, and is secondarily divided into a dorsal and
ventral part by an oblique sulcus in the Vespidae. The second thoracic
spiracle is situated at the junction of the mesepimeron, metanotum, and
dorsal metapleuron. The thoracic spiracles of aculeates are of taxonomic
significance (Richards 1971 b).

Propodeum (Fig. 7). Although the propodeum is, by origin, the
first abdominal segment, its fusion with the thorax makes it more
convenient to discuss its structure here.

The propodeum is represented by a single sclerite which bears the
first abdominal, or propodeal, spiracle. The original sternite is lost,
the sternum being membraneous. The posterior face in Eumenidae is
relatively specialized, marked off from the rest of the propodeum by a
dorso-lateral carina and a ventral shelf. The various processes produced
from the carina, and the microsculpture of the posterior face are
important features in eumenid taxonomy. The second abdominal
segment articulates with the propodeum by a double ball-and-socket
joint.

The Wings (Plate II). The Vespoidea have a strongly developed
pair of forewings with smaller hindwings held together by a row of
hooks or hamuli along the front edge of the hindwing, engaging a
narrow fold, the frenal fold, on the hind margin of the forewing (Plate
IIc). The number of hamuli is possibly related to flying ability
(Richards 1949), and the consistently higher density of hamuli per unit
length of wing in worker wasps compared to queens and males (Blackith
1958b) supports this hypothesis. When held at rest, the wings are
pleated or folded longitudinally along the abdomen, a characteristic
of all British and most other Vespoidea which gave the group its old
name of Diploptera (‘doubled wings’). The nomenclature of the veins
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Figure 7. Posterior view of propodeum of Ancistrocerus parietum female (after
Felton 1954).

and the cells they enclose has been subject to much confusion and there
is no universal system of labelling them. The system adopted here is
based on Richards (1956), the name of the cell being derived from the
vein along its anterior margin or, in the case of composite anterior
veins, the name is derived from the posterior one (Plate II a). The wings
articulate with the thorax by means of the axillary sclerites, the
tegula being part of the wing rather than a thoracic structure. The
wings of Vespoidae are very similar, but the Fumenidae may be
distinguished by the possession of a marked anal lobe (or alula) on
the hindwing (Plate IIb).

There has been little research on the physiology of flight in Vespoidea.
Sotavalta (1947) has determined that the vibration of wings in wasps
varies between 117 and 247 beats per second. The Eumenidae have been
recorded at 117 to 175 strokes per second while in Vespidae, maximum
rates were recorded when the temperature was maintained at 23-24°C.
The function of the wings apart from their use in flight, includes ventila-
tion of the nest and distribution of heat by fanning, and possibly a
communication function as an alarm signal (Nixon 1934d).

The Legs (Fig. 8). The legs of wasps are relatively unmodified

LU
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structures, each consisting of the coxa, which articulates with the
thorax, the trochanter, the femur, tibia, and a five-segmented tarsus.
On the foreleg (prothoracic leg) the tibial spur is modified and, together
with a hairy invagination of the basitarsus, forms an antennal grooming
organ. The antennae are pulled through the apparatus repeatedly to
remove detritus. There is a similar organ on the middle leg (mesotho-
thoracic leg) which is used to brush the wings during grooming
behaviour.

There are two differences in leg structure between the Vespidae and
Eumenidae, the latter possessing only one unmodified spur on the
mid-leg tibia compared to two in Vespidae, while the tarsal claws of
Eumenidae have an inner tooth, but are simple in Vespidae. Apart
from the obvious function of walking, the legs are used in many other
ways — for grasping prey or mates, excavating soil and as accessory
building tools, and also for transporting prey.

The Abdomen
The first segment of the abdomen is the propodeum which is fused

to the thorax, the remaining abdominal segments being termed the
gaster. The gaster is attached to the propodeum by a narrow stalk,
the anterior part of the second abdominal tergite, called the petiole.
In female wasps (Fig. 9a) there are six visible segments making up the
gaster, and seven in males (Fig. 9b, c), the remaining segments being
modified to form the sting mechanism or male genitalia. The basic
components of each segment are a dorsal tergite and ventral sternite,
with a spiracle on the antero-lateral margin of the tergite. Although
generally visible on abdominal segments two and three, the remaining
five spiracles are hidden in the Vespinae, although more may be visible
in old queens due to the extension of the abdomen (physogastry) which
accompanies their ovariole development.

An interesting structural feature of the terminal abdominal sternite
in social Vespidae has been recently described by Van der Vecht (1968)
(Fig. 10a). This sclerite has a ‘specialized area’ at its base which, with
associated tufts of hairs, could be implicated in the dispersal of
pheromones — chemical substances produced by insects which release
certain specific behaviour patterns, or determine physiological develop-
ment (Karlson and Butenandt 1959). Further details are given in the
section concerning glands.

The Sting (Plate III). The sting is derived from the modified
sclerites and appendages of abdominal segments eight, nine, and ten,
and lies hidden in a pouch between segments seven and eight when
retracted. The large lateral sclerites of segment nine make up the
major part of the sting, the tergites and sternites connected by a mem-
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Figure 9. Lateral view of abdomen: (a) queen of Paravespula vulgaris; (b) male
of P. vulgaris; (c) (after Felton 1954) male of Ancistrocerus parietum.

brane with, posteriorly, a hair-fringed lobe derived from the tenth
segment. This lobe is considerably smaller in Eumenidae.

The active part of the sting consists of smooth lancets derived from
the first valvulae which are attached to the first valvifers of the eighth
segment. The lancets, which in Vespidae are slightly barbed (but not
nearly as much as in the honeybee), are protected by a sting sheath, the
fused second valvulae. The two pairs of valvulae are collectively
termed the terebra and it is this which is thrust into the victim. The
third valvulae are developed from the posterior part of the second
valvifer and form prominent, hair-covered sting palps.
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The sting is used as a weapon and not for egg-laying in aculeate
Hymenoptera, oviposition being effected via a genital opening anterior
to the first valvifers. The action and some details of the pharmacology
and pathology of stings will be discussed in more detail in Chapter 12.

Male Genitalia (Plate IIT). There is much controversy concerning
the possible derivation of the external parts of the male genitalia, and
in the nomenclature of the structures concerned. The dominant conflict
concerns the original abdominal appendages and whether or not they
are incorporated in the genitalia of the contemporary wasp. For des-
criptive purposes I will use the terminology of Richards (1956).

The genitalia, which are probably derived from the ninth sternite,
are normally retracted into a pouch lying between abdominal segments
eight and nine. There are five groups of parts, an unpaired basal ring
or gonocardo anteriorly, which encloses a pair of plates, the gonostipes
(basiparameres), which in turn enclose the elongate aedeagus (penis).
From the postero-ventral surface of each gonostipes are lobes, the
volsellae, attached anteriorly but free posteriorly, where each divides
to form the digitus and the cuspis.

In Eumenidae, each gonostipes has long spines projecting posteriorly
which often give the impression of a double sting (the ‘pseudosting’ of
Evans and Eberhard 1970), but they are less obvious in Vespidae. By
mimicking the female sting the pseudosting possibly confers some
protective advantage to the males.

ADULT ANATOMY

Alimentary System

The alimentary canal of the adult is divided into three main regions,
the foregut or stomodaeum, the midgut, and the hindgut or procto-
daeum (Fig. 11). The foregut and hindgut are ectodermal in origin and
have a cuticular lining.

The foregut consists of a mouth, pharynx, oesophagus, crop and
proventriculus. The pharynx has well-developed musculature and
appears to have a pump-like action to enable sucking and swallowing
of liquid food. The simple tube-like oesophagus traverses the thoracic
region and where it enters the abdomen via the petiole, is expanded to
form the crop. The crop, which in Vespidae is small in queens and
largest in workers (Green 1931), is a fluid-storage organ used principally
by foraging wasps when collecting carbohydrates or water and is
equivalent to the ‘honey-stomach’ of the honeybee. The proventriculus
is well developed, acting as a pump in conjunction with the pharynx
(Green 1931). Compared to the honeybee, the proventriculus of wasps
is a considerably inferior organ for filtering particles from the crop,
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Figure 11. Alimentary system of Paravespula germanica queen (original).

a191d is correlated with the adult wasp’s essentially liquid diet (Bailey
1954).

The midgut is a relatively long tube, with pronounced circular
muscle bands which give it an annulated appearance. This region of the
gut is the principal absorptive area where enzymes are produced and
digestion takes place. Many insects have a protective lining to the
midgut, the peritrophic membrane, which contains chitin and is
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secreted by the midgut epithelium. This membrane is highly developed
in wasp larvae, several distinct layers being secreted daily, and protects
the delicate gut lining from the coarse pieces of indigestible prey
cuticle.

The hindgut, which conveys undigested food along the small intestine
or ileum to the exterior via the rectum, bears the malphigian tubules
which are of small diameter, but long and very numerous. Their main
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Figure 12. Reproductive system of male, Paravespula germanica (original).
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function is that of nitrogenous excretion in the form of insoluble uric
acid. The ileum which has folded walls to increase its surface area, is
used primarily for water absorption. The rectum is a prominent enlarge-
ment of the hindgut, with six pairs of rectal glands which probably
facilitate the resorption of water and possibly salts and amino acids.
The development and histology of the rectal glands of wasps has been
studied by Evenius (1933).

Reproductive System

The male and female reproductive organs consist of paired gonads
connected by paired ducts to a common, median duct which opens
to the exterior via the external genitalia. A description based on the
genitalia of males and juvenile queens Paravespula is given here, but
details of ovariole development, and anatomical differences associated
with caste will be discussed more fully elsewhere. Post-embryonic
development of the genitalia is described by Takamatsu (1949).

Male Reproductive Anatomy (Fig. 12). The paired testes consist of
tightly packed follicles or testis tubes, close together in the mid-line
but not in contact, and enclosed by a peritoneal membrane, the scrotum.
The testes have a liberal supply of tracheae, indicative of a region with
a high metabolic rate, presumably due to the processes associated with
spermatogenesis. Relatively short sperm ducts, the vas deferens, lead
into large seminal vesicles which are yellowish in colour and in which
the sperm is stored. The seminal vesicles open into the base of a large,
opaque white gland, the function of which is unknown, but is probably
associated with sperm maintenance or spermatophore production. The
paired ejaculatory ducts pass postero-ventrally through a gap in the
musculature at the base of the phallus, becoming a single median duct
on entering the aedeagus. This duct continues inside the sclerotized
aedeagus and opens dorsally on to its spoon-like distal end.

Female Reproductive Anatomy (Fig. 13). Wasps have paired ovaries,
consisting of six pairs of ovarioles in Vespinae and three pairs in
Eumenidae and Polistinae (Bordas 1931). The ovarioles are typically
polytrophic, each developing egg or oocyte alternating with groups of
nutritive or nurse cells. The numbers of oocytes in each ovariole varies
according to the state of sexual development and has been calculated as
high as 250 to 300 in P. germanica (with a total of 3,000 to 3,600 oocytes
in both ovaries) and 12 to 15 in Eumenes pomiformis (F.) (72 to 90 in both
ovaries) (Bordas 1931).

The ovarioles open into paired oviducts which meet medially to
form a common oviduct, posteriorly, the vagina. The sperm-storage
organ, the spermatheca, opens into the vagina dorsally. The spermatheca




(d) detail of antennal segment of V. rufa male
( < 1000)

IV (a—f). Scanning electron micrographs of
wasp antennae

(@) antennal segment of Vespula rufa (x100)

(e) tyloid on antennal segment of Vespa
crabro male ( x 250).

(c) detail of same segment to show tricoid
sensilla, x = campaniform sensilla, y = pla-

(f) detail of tyloid ( < 1000).




FORM AND FUNCTION 33

ovaries

' acid gland of
R o
ovariole

poison sac
oviduct
spermatheca
genital opening

alkaline gland spermathecal

~ gland

sperm__ /=
5 mm p_in B\ sperm
capsule™ #  duct

Figure 13. Reproductive system of queen, Paravespula germanica: details of
spermotheca, inset (original).

is relatively small in Vespinae although larger than in Eumenidae,
consisting of a semi-transparent and pliable sperm capsule, a convoluted
sperm duct opening into the vagina, and a bifurcate spermathecal
gland (Fig. 13, inset). The capsule is lined with striated, columnar
epithelium and, according to Marchal (1894), has a cuticular membrane.
The sperm, with their long tails moving inside the capsule, are readily
seen in freshly killed material.

Exocrine Glands

Many glands occur in adult wasps which are important to feeding
and some which may have a communications function. This account is
based on personal studies of Paravespula species, although Heselhaus
(1922) has described and figured the major glands and compared them
with the honeybee, bumble bee, and solitary bees. The considerable
volume of work on the histology and functions of glands in the honeybee
(e.g. Snodgrass 1925, 1956) invites comparison with homologous glands
in the wasp, although I doubt whether identical functions will be
demonstrated in many of the glands under discussion.

D
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The glands concerned with feeding are found in the head and thoracic
regions and comprise the mandibular, hypopharyngeal, and thoracic
glands. The thoracic gland is also referred to as the labial or salivary
gland. The principal mandibular gland (mandibular gland I) has a
thin-walled reservoir in which the secretions from about 50 to 70
monocellular gland cells are stored and from which a sclerotized duct
(Fig. 10d) leads to the proximal edge of the mandibles (Fig. 3). The
morphological and histological details of this gland are similar in both
female castes and also in males, which suggests that its function may be
lubricatory or that it helps to maintain the mandibular region in a
suitable condition for feeding activities. Its small size compared to the
mandibular gland in the honeybee suggest that it does not function in
the capacity of a brood-food producing gland as in worker bees, or a
source of pheromones as in the queen bee.

The smaller mandibular gland (mandibular gland II) lies inside the
hollow base of the mandible, opposite mandibular gland I. This gland,
which apparently has not been previously described, is possibly homo-
logous with the post-genal gland of the honeybee although in social
wasps it is clearly associated with the mandible. Mandibular gland II
is composed of a group of monocellular gland cells with individual
ducts leading to the inner edge of the mandible where they discharge their
secretions through the membrane connecting the mandible to the maxilla.

The hypopharyngeal gland is the dominant head gland with respect
to size, the glandular tissue lying beneath the hypopharyngeal plate
and communicating with the bucco-pharyngeal cavity through long
narrow ducts which pass through fine pores in the sclerotized plate
(Fig. 10e). The gross features of this gland are similar in males and
females in contrast to the honeybee in which the comparable gland
is absent in males and queens. Its function in the honeybee worker is
the production of the protein component of brood food and the enzymes
involved in honey production such as invertase and a glucose oxidase.
The hypopharyngeal gland of wasps could be implicated in feeding
larvae although its functions have yet to be confirmed.

Close to the hypopharyngeal gland there is a pair of concavities in
the hypopharyngeal plate with large pores opening onto the floor of
the pharynx. Within the concavities are columnar cells which are
probably sensory in function for they are served by a network of nerve
fibres which arise from a prominent nerve passing directly from the
brain. Snodgrass (1956) refers to homologous cells in the worker bee
as sense organs. Individual cells or small patches of gland cells are
scattered throughout much of the bucco-pharyngeal region (Heselhaus

1922). They are sub-epithelial in origin and probably function by main-
taining the areas they serve in optimum condition for feeding or testing
food.
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_T hef thoracic gland (Fig. 10c) extends throughout much of the thorax,
with its various branches passing between the major flight muscles.
Each lobule is composed of numerous cells to form an acinus (Fig. 10f).
In neyvly emerged wasps, the lining cells of the acinus are narrow but
they increase in size as the wasp ages. Secretory products accumulate
in the central lumen of the acinus from which fine tubules lead to the
densely branched system of ducts which pass through the wasp’s neck
as paired tubes, joining to form a common salivary duct in the head,
and ending in a dilated chamber, the salivarium, at the distal end of
the hypopharynx (Fig. 3). In the honeybee, thoracic gland secretion is
almost pure water and is used for softening, diluting, and lubricating
anything that a bee licks, chews, washes or ingests (Simpson 1960).
Similar functions can be attributed to the thoracic gland of wasps, and
its secretion is probably of importance to emerging adults which soften
the pupal capping with fluid. Thoracic gland secretion may also be
important during carton-making, possibly producing a ‘size’ which
helps to glue the wood pulp.

Within the abdomen of females, two major glands occur, the 1-5 to
2-5 cm long sting or acid gland which produces venom (Fig. 13), and
the paired glands on the sixth gastral sternite (Fig. 10a and b). The
glandular tissue on sternite V1 is found on either side of the unsclerotized
basal area, Van der Vecht’s organ, and in view of its intimate relation-
ship with this region the gland will be called Van der Vecht’s gland.
Considerably more developed in queens than workers, each mono-
cellular gland cell communicates with the outer surface of the sternite
through long, fine ducts. Where it reaches the surface of the cuticle
the.: duct expands to form a trumpet-shaped opening (Fig. 10g). By
using the scanning electron microscope, these holes or pores are readily
seen on the surface of the cuticle on either side of Van der Vecht’s
organ.

It is tempting to speculate on the possible function of this gland,
for the combination of a large gland with an associated dispersal zone
(the hair-lined basal area) suggest that a volatile substance is produced
by the gland and evaporated from this region. As other evidence
suggests (see Chapter 8) the ‘queen substance’ pheromone in large wasp
colonies is most likely to be diffused through the colony in a gaseous
phase rather than obtained from the queen by licking her body, as in
honeybees. Furthermore, with distension of the gaster due to ovariole
development, Van der Vecht’s organ is generally exposed in old queens
al_though in workers and young queens it is normally completely

hidden by the overlapping sternite V. In workers the glandular area is
considerably smaller than in queens and the gland cells are also smaller
(20-35 p, compared to 40-50 p in queens).

Other monocellular glands are found in the gaster, those associated






