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AN INTRODUCTION TO THE ICHNEUMONIDAE
OF AUSTRALIA

SYNOPSIS

Illustrated keys are given to the 22 subfamilies and 215 genera of ichneumonids
occurring in Australia. Four subfamilies (Lycorininae, Orthocentrinae, Oxytorinae
and Phrudinae) are newly recorded from the continent as are six tribes, 80 genera
and subgenera and 11 species. One new tribe, the Ankylophonini, is proposed in the
Tryphoninae and 44 genera and 55 species are described as new. Eleven new combin-
ations and 13 new synonyms are proposed. The name Delopia Cameron is re-instated
for the large genus previously known as Dusona Cameron, and Dusona is limited to a
small New Zealand species—-group. One replacement name for a junior homonym is pro-
posed. For each subfamily a diagnosis is given together with brief distributional
and biological notes. Under each genus is listed a full synonymy, brief diagnosis
(which may be expanded if the generic limits have been altered), list of Austral-
ian species and the known hosts. Introductory sections include notes on nomencla-
ture, terminology and relationships, an extensive account of ichneumonid biology,
a history of ichneumonid work in Australia and an account of the relationships and
characteristics of the Australian fauna. The work is completed by a check-list of
Australian ichneumonids, an extensive bibliography and indexes to both ichneumon-
ids and their hosts.

INTRODUCTION

The last two decades have seen a profound change in public opinion about the use
of insecticides. These chemicals, initially envisaged as a panacea for ridding the
world of insect pests, have come to be regarded increasingly with suspicion (Car-
son, 1962; Perring & Mellanby, 1977; van den Bosch, 1978). Ecology and pollution
have become both household words and major political issues. In many countries the
use of several insecticides has been prohibited and the toxicity of others is
being monitored. The efficacity of some insecticides is decreasing as many pests
develop considerable immunity (Brown & Pal, 1971), and spiralling petroleum prices
have caused great increases in the costs of agrochemicals and their application.
Although it is unrealistic to think modern agriculture could be practised without
insecticides (Fletcher, 1975), it is not surprising that there has been an in-
crease in interest in alternative methods of pest management such as biological
and integrated control (Wilson, 1960; Huffaker & Messenger, 1976; Minks & Gruys,
1980). For these selective control programmes to be successful an intimate know-
ledge of the biology of a pest and its parasites is essential and a sound taxono-
mic basis is vital for the development of such knowledge (Elmo Hardy, 1982). A
comprehensive taxonomic study permits the accurate identification of an organism
and hence provides constancy and universality in the usage of names, a prerequi-
site to the international communication of information. Furthermore, a modern
classification is no arbitrary filing system. It is an approximation of a 'matural
arrangement' enabling reasonably accurate predictions to be made about the biolo-
gical characteristics of newly discovered taxa by reference to what is known about
their nearest relatives (Crowson, 1970).

Amongst the most important of the natural enemies of insect pests are the
parasitic Hymenoptera, a large group of animals whose larvae develop at the ex-
pense of other insects (Askew, 1971). Under normal circumstances the populations
of many injurious insects are severely limited by the attacks of Parasitica and in
several countries, including Australia, the ravages of accidentally imported pests
have been curtailed by the introduction of one or more hymenopterans (Muldrew,
1967; Taylor, 1978).

Despite the enormous importance of Parasitica in the ecosystem, and notwith-
standing the fundamental position of systematics in biology, the taxonomy of the

parasitic Hymenoptera is amongst the least studied of any group of living organ-
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isms. This is the result of a variety of factors including the sheer size of the
group (several families are each larger than the phylum Vertebrata), the great
similarity of many species resulting from a high degree of morphological conver-
gence (Gauld & Mound, 1982), an often large range of intraspecific variation and
the great difficulty of culturing protelean parasites in the laboratory. The lack
of an extensive systematic basis has discouraged many ecologists and agricultur-
alists from studying the group, and taxonomic problems present major difficulties
to many entomologists who are working with Parasitica (Committee of European Re-
search Councils, 1977).

The present work is intended to serve as an introduction and identification
guide to one of the largest families of Parasitica, the Ichneumonidae, a group
previously little studied in Australia. The only comprehensive work on the world
genera of Ichneumonidae (Townes, 1969-1971) was undertaken with very little access
to Australian material and consequently has, because of the uniquely isolated
zoogeographical position of Australia, severe limitations in the region. Large
numbers of species are not placeable in any genus. The incorporation of these Aus-
tralian species into the ichneumonid classification has necessitated both the
redefinition of many genera and the description as new of a number of endemic gen-
era. This reclassification has been undertaken after study of a great deal of mat-
erial in the major Australian institutions and in the comprehensive world collec~
tions of the British Museum (Natural History) and Drs H. and M. Townes. This study
has been supplemented by additional collecting and by examination of the holotypes
of almost all described Australian species. Although primarily an illustrated
guide to the genera, the work is also intended to serve as an introduction to the
biology and distribution of Australian Ichneumonidae, and to provide a check-list
of the described species and an index to their known hosts.

NOMENCLATURAL PROBLEMS

The influential hymenopterist Dr H. K. Townes does not follow the International
Code of Zoological Nomenclature nor does he accept the validity of the published
opinions of the International Commission that affect hymenopterous nomenclature
(Townes, 1969; Fitton & Gauld, 1976). Although Townes has argued his case ration-
ally it is difficult to see what he has achieved by ignoring international con-
ventions. In groups where he has done little work such as the Proctotrupidae (=
Serphidae sensu Townes), Chironomidae (= Tendipedidae sensu Townes) and Braconidae
(= Anomalidae sensu Townes) his family-group nomenclature is almost universally
ignored. In the Ichneumonidae, however, his work is so important that it has had a
great effect on other workers. This becomes more apparent as several of his former
students have published a great deal in their own rights and used the Townes' sys-
tem of nomenclature. Fitton & Gauld (1976, 1978) have attempted to establish the

" correct family-group names in the belief that it is unsatisfactory for a single
family to be nomenclaturally out of step with the rest of zoology. Zoologists in
general are unlikely to alter their practice of nomenclature to conform to the
Townesian system so in this work an attempt has been made to alter ichneumonid
names to conform to the generally accepted principles of zoological nomenclature.

TAXONOMIC CONCEPTS

GENERA

The author's ideas on genera have recently been published elsewhere (Gauld &
Mound, 1982) and, although not repeated here, are relevant to the present work.
The only new genera herein described are thought to be holophyletic assemblages
but, as so little is known about ichneumonid phylogeny, very little attempt has
been made to alter the status quo. In a very few cases where, in the author's
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opinion, the division between taxa is arbitrary (e.g. Lycorina/Gonioglyphus/Toxo-
phoroides), or where one genus comprises a few specialized species belonging to a
larger group (e.g. Astomaspis/Caenopimpla), synonymies have been established. A
conservative approach has been adopted towards the erection of new taxa, and al-
most certainly several large genera (e.g. Paraphylax) will eventually be subdi-
vided. As these are tropicopolitan taxa, any attempt at subdivision based only on
the limited Australian fauna is unlikely to be helpful to other workers, and con-
sequently has not been attempted at present.

As there is no way of standardizing the generic category (Clayton, 1972) it
is not surprising that there are differences in generic concepts throughout the
family that reflect different specialists' classificatory predilections. Townes'
reclassification (1969-71b) has done much to standardize generic concepts over
most of the family but he has not covered the Ichneumoninae. Genera in this sub-
family are smaller, narrower and consequently more numerous than elsewhere.

SPECIES

Almost all female specimens examined during the course of this work have been
sorted to 'species', i.e. groups of morphologically very similar individuals. On
this basis approximate numbers of Australian species per genus have been esti-
mated. These estimates will be most accurate in groups where species are large and
distinctive (e.g. Pimplinae, Mesostenini, Ichneumoninae) or where the author has
had experience at species level taxonomy (e.g. Ophioninae, Anomaloninae, Xoridi-
nae). In taxonomically difficult groups where the species are very similar (e.g.
Phytodietini, some Cremastinae, Campopleginae and Banchinae) or in poorly studied
groups containing many small species (e.g. Mesochorinae, Orthocentrinae, some
Oxytorinae) these estimates will be less reliable.

SUBSPECIES

In previous literature a number of Australian ichneumonids are regarded as sepa-
rate subspecies from their northern relatives (Townes et al., 1961; Gupta, 1962;
Townes & Chiu, 1970). In the present work the subspecies category is not used and,
as this is contrary to current trends in ichneumonidology, this action requires
some justification.

Acceptance of geographical subspecies would seem to rest on four assumptions.
These are -

1, the taxonomist's species is a single biological species;

2, the specimens at hand are a representative sample of populations under study;

3, each subspecies is morphologically more homogeneous than would be the combin-
ation of two adjacent subspecies;

4, a geographical segregate can be defined by a small number of chromatic or
morphological characters.

It is the author's contention that none of these assumptions are justifiable for

Indo-Australian Ichneumonidae.

Firstly, most modern morphotaxonomists recognize that their 'species' are
unlikely to correspond exactly with biological species. Some recent research on
insects demonstrates that certain morphospecies are groups of biological siblings
(e.g. Angus, 1982; Lambert & Coetzee, 1982). Whilst the use of morphospecies as an
initial approximation can be defended for purposes of practicality, the division
of these into subspecies which may or may not coincide with the biological species
serves only to obscure biological reality.

Secondly, no species is collected well enough to enable assessment of its
true variability in the Indo-Australian region. Even the most commonly collected
species, such as nocturnal ophionines, are only known from a few localities, and
then often only from short series (Gauld & Mitchell, 1981).

Thirdly, generally only one or two characters are used to delineate a subspe-
cies, although in the species as a whole large numbers of characters may vary.

Thorpe (1980) demonstrated the inadequacies of using only few of many variables to
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delineate subspecies. The use of very few characters for delimiting subspecies of
Indo-Australian ichneumonids appears suspiciously like editing the available data
to fit one's preconceived ideas.

Fourthly, many of the 'subspecific characters' do not work when additional
material is examined. Not infrequently one can find a typical example of one sub-
species in the wrong area (Gauld, 1976¢). In some cases the geographical ranges of
the different sexes of the same subspecies do not wholly coincide (Betram & Brad-
ley, 1972) though this biological anomaly does not prevent the authors using the
category.

TERMINOLOGY AND ABBREVIATIONS

The following abbreviations have been used for depositories containing specimens
examined.

AM Australian Museum, Sydney, Australia.

ANIC Australian National Insect Collection, Canberra, Australia.

BMNH British Museum (Natural History), London, U.K.

DAH Department of Agriculture, Hobart, Australia.

DAR Department of Agriculture, Rydalmere, Australia.

DPIQ Department of Primary Industry, Brisbane, Australia.

MNHN Muséum National d'Histoire Naturelle, Paris, France.

MNHU Museum fur Naturkunde der Humboldt-Universitat, Berlinm, D.D.R.

NMV National Museum of Victoria, Melbourne, Australia.

QM Queensland Museum, Fortitude Valley, Australia.

TC Townes Collection, Ann Arbor, Michigan, U.S.A.

TDF Tasmanian Department of Forestry, Hobart, Australia.

™ Természettudomidnyi MGzeum, Budapest, Hungary.

uQM University of Queensland Museum, Brisbane, Australia.

WAM Western Australia Museum, Perth, Australia.

Distributions of the various species are abbreviated as follows.

A Asio-Australian: i.e. widely distributed throughout South East Asia through
to tropical Australia.

C Cosmopolitan

E Endemic Australian

I Introduced into Australia

M Melanesian: i.e. found throughout New Guinea and tropical Australia and
usually the Solomons as well.

P Pacific: i.e. found on some of the smaller western Pacific islands such as
New Caledonia and the New Hebrides in addition to Australia.

T Tropicopolitan 0l1ld World

W Widespread east of Wallace's line.

Z Australo-New Zealand

An asterisk (*) indicates a new record for Australia.

Distances and altitude given on labels have, where necessary, been altered to
kilometres and metres. Locality names are used as in the 1972 edition of the Times
Atlas of the World. These are listed in alphabetical order, firstly by state, then
by locality within a state. The names of the hosts have, where appropriate, been
altered to the generally accepted modern equivalent.

The morphological terminology used throughout the work is broadly similar to
that used by Riek (1970). The naming of wing cells follows Eady (1974) and that of
genitalia structures follows Peck (1937). The naming of microsculpture follows the
system outlined by Eady (1968) and that of larval structure follows Short (1978).
All morphological structures are illustrated in Figs 1-15 but a few specialized
terms require further comment. ‘

The LOWER FACE is that part of the face below the antennal sockets and in-

cludes the clypeus. Its width is the minimum distance between the inner margins of
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the eyes and its length is from the midline level with the lower margin of the
antennal sockets to the median apex of the clypeus. Some smaller ichneumonids have
a sharp groove extending from the eye to the mandible socket. This is the SUBOCU-
LAR SULCUS and should not be confused with the band of coriaceous sculpture more
commonly found in the same position. The antenna distal to the pedicel is termed
the FLAGELLUM and its segments are numbered from the most proximal (which is 1)
and exclude the annellus. Any type of large indented, flattened or raised sensory
area is called a TYLOID, but the term is not applied to the narrow, elongate sen-
silla, the placoid sensilla, several of which occur on most flagellar segments.

The definitive insect thorax is composed of three segments, but in apocrite
Hymenoptera the first abdominal segment or PROPODEUM is fused to the reduced meta-
thorax. This combined thorax + propodeum is called the ALITRUNK and corresponds to
the mesosoma of some contemporary North American authors. In older works, espe-
cially pre-1930, the propodeum was frequently mistakenly called the metathorax.
The propodeum is often subdivided by carinae into a number of AREAE. A complete
set of carinae and areae is shown in Figs 7, 8, but in many species these are re-
duced and care is needed in the interpretation of the resultant configurations.
Generally the posterior transverse carina is somewhat raised at its junctions with
the lateral longitudinal carinae. These promontories are the PROPODEAL APOPHYSES
(Fig. 4). In some recent works (e.g. Townes, 1969) the anterior transverse carina
is called the basal carina and the posterior omne, the apical carina. In these
works the epicnemial carina is usually termed the prepectal carina and the pos-
terior transverse carina of the mesosternum is the postpectal carina. For other
features of the alitrunk the terminology is more uniform. The NOTAULI are a pair
of grooves arising from the front margin of the mesoscutum and extending poster-
iorly whilst the STERNAULUS is a broad shallow, often foveolate groove extending
from the epicnemial carina towards the lower hind corner of the mesopleuron. An-
other important mesopleural feature is the SPECULUM, a convex, usually smooth area
in the upper hind corner, anterior to the mesopleural suture. The EPOMIA is a
carina on the pronotum laterally. Its lower end is usually close to and parallel
with the anterior pronotal margin, but its upper end is often strongly divergent
and may be raised to form a crest at its upper end. The ventral part of the meso-
thorax between the fore and mid coxae is called the MESOSTERNUM. Almost certainly
the true mesosternum is very reduced or invaginated and this region is a continu-
ation of the mesopleuron, but mesosternum is a convenient term to use. The wing
venation follows the Comstock-Needham system (Fig. 5) as interpreted for the Hym-
enoptera by Richards (1956). Compound veins may be of two sorts - M+Cu where the
plus means the vein is the result of longitudinal fusion of the named veins, and
Rsé&M where the & means the named veins have fused end to end so the resultant vein
is Rs for part of its length and ¥ for the rest. An ABSCISSA is a length of vein
between two other veins except for distal abscissae which are the length of veins
from their last junction to the wing margin. Although Eady's (1974) terminology
has been adopted for venation, the second submarginal cell, which is, if present,
very small, is called the AREOLET as this term is in almost universal usage for
Ichneumonidae. The areolet should not be confused with the areola, a term not used
in this work but one widely used for the area superomedia.

The GASTER is the abdomen less the propodeum and corresponds to the metasoma
of some contemporary authors. The first segment of the gaster is the second abdom-
inal segment, but in this work segment numbering starts from 1, the petiolar or
first gastral segment. This segment is of great taxonomic importance. In some spe-
cies the anterior part is narrow, subcylindrical and abruptly broadened near the
spiracles. This anterior part is termed the PETIOLE whilst the posterior part is
the POSTPETIOLE. The anterior part may bear a pair of lateral pits, the GLYMMAE,
which may be small and shallow or very large, deep and virtually meeting in the
midline. Tergite 2 usually bears a pair of oval or elliptical smooth areas, the
THYRIDIA. These are usually near the anterior margin and flush with the surface,
but in some ichneumonines they are sunken in broad concavities, the GASTROCOELI.

The LENGTH OF THE OVIPOSITOR (OR SHEATH) projecting beyond the apex of the gaster
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Figs 1-5 Stylized ichneumonid labelled to show terminology. 1-3 Heads (1) anterior
(2) posterior (3) lateral. ATP = anterior tentorial pit; Cl = clypeus; Fp = first
flagellar segment; Fa = face; FM = foramen magnum; Fr = frons; G = gena; GC = ge-
nal carina; HyC = hypostomal carinaj; IOA = interocellar area; La = labium; LaP =
labial palp; Lm = labrum; Ma = mandible; MS = malar space; Mx = maxilla; MxP =
maxillary palp; Oc = occipital carina; Pe = pedicel; SOS = subocular sulcus; Sp =
scape; Ty = tyloid. 4 Alitrunk and anterior end of gaster, lateral. Cxj_3 = coxae
1-3; E = epicnemium; Ep), mesepimeron; Epm = epomia; Gl = glymma; N = pronotum;
Ply = propleuron; Ply = mesopleuron; P19S = mesopleural suture; Pl3 = metapleuron;
Ppd propodeum; PpdA propodeal apophysis; SAP = subalar prominence; Sclm = scu-
tellum; Smy = mesoscutum; Spm = speculum; St; = sternite 1; Stn = sternaulus; Tg =
tegula; Tgl = tergite 1; Thy = thyridia; T1l = trochantellus; Tr = trochanter. 5
Fore and hind wings. A = areolet (the 2nd submarginal cell); VN = vannal notch.
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Figs 6-11 Stylized ichneumonid labelled to show terminology. 6 Alitrunk and ante-
rior end of gaster, dorsal. ATC = anterior transverse carina; Ax = axillaj; Gas =
gastrocoelus; Nj = pronotum; Not = notaulus; Pet = petiole; Ppet = postpetiole;
Psclm = postscutellum; PTC = posterior transverse carina; Sclm = scutellum; Smy =
mesoscutum; SSG = scuto-scutellar groove; Tg = tegula; Tg2 = tergite 2 of gaster.
7-8 Propodeum (7) lateral (8) dorsal. AB = area basalisj; AD = area dentipara; AE =
area externa; AL = area lateralis; AP = area petiolaris; APE = area postero-
externa; ASp = area spiracularis; ASu area superomedia; ATC = anterior trans-
verse carinaj JCC = juxta-coxal carina; LLC = lateral longitudinal carina; LMC =
lateromedian  longitudinal carina; PC = pleural carinaj; PTC = posterior transverse
carina; SMC = submetapleural carina. 9 Mesosthorax, ventral. Cxy = mid coxaj; EC =
epicnemial carina; PTCM = posterior transverse carina of the mesosternum. 10 Apex
of ovipositor, lateral. LVO = lower valve of ovipositor; Nod = nodus; UVO = upper
valve. 11 Male genitalia, right-hand side. Aed = aedeagus; Bv = basivolsella; Dv =
distivolsella; Gl = gonolaciniaj; Gsq = gonosquama.

[



Figs 12-15 Stylized ichneumonid labelled to show terminology. 12 Female genitalia,
partially dislocated. Cer = cercus; DL = dorsal lobe of valvula 1; DSN = dorsal
subapical notch; LV = lower valve of ovipositor; 0Sh = ovipositor sheath (valvula
3); PrSc = proctodeal sclerite; UV = upper valve of ovipositor; Vfj_o = lst and
2nd valvifers; V1ls = valvillus. 13 Apex of male gaster with proctodeal membrane
evaginate. Aed = aedeagus; Cer = cercus; Gsq = gonosquama; PrM = proctodeal mem—
brane; SGP = subgenital plate (sternite 8 of gaster). 14 Facial skeleton of final
instar larva. Epst = epistoma (when these join in midline structure is called epi-
stomal arch); Hyst = hypostoma; HystS = hypostomal spur; LaP = labial palp; LaS =
labial sclerite; Lm = labrum; LmS = labral sensilla; Ma = mandible; MxP = maxill-

ary palp; PlaSc = prelabial sclerite; Plst = pleurostoma; StSc = stipital scler-

ite. 15 Female reproductive system and associated glands of Enicospilus. AlG = f
alkaline gland; Ovd = right oviduct; Ovle = ovariole; ovp = ovipositor; VG = venom \
gland; VS = venom sac.




Figs 16-27 Immature stages of ichneumonids. 16-20 Ovarian eggs (16) Netelia (17)
Heteropelma (18) Ichneumon (19) Euceros (20) Rhyssa. 21-23 First instar larvae
(21) Euceros, a planidial larva (after Varley, 1964) (22) Rhyssa (23) an anomalon-
ine, a caudiform larva. 24 Final instar larva of Enicospilus. 25-27 Cocoomns (25)
Eriostethus (26) Enicospilus (27) Charops. (Scale lines in millimetres).
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is measured in dorsal aspect with the ovipositor in the 'at rest' position, and is
expressed as a proportion of the hind tibia length. Whilst this ratio varies
slightly within a species, the absolute length can often vary a great deal and
overlap that of related species or genera. In a few species which are weakly scle-
rotized and habitually die with the ovipositor reflexed forwards, the total length
of the ovipositor may be given. This is measured from base to apex of valvula 2.
The UPPER and LOWER VALVES of the ovipositor are respectively the second and first
valvulae. The former may have a depression, the DORSAL SUBAPICAL NOTCH, before its
end, or a raised crest, the NODUS, discernible. Valvula 1 has apical teeth and
bears internally one or more articulated flaps, the VALVILLI, which are used to
move the egg down the lumen of the ovipositor (Rodgers, 1972). The last gastral (
sternite is the SUBGENITAL PLATE and corresponds with the hypopygium of some work-
ers. At the posterior end of the gaster is a pair of short appendages, the CERCI
(= pygostyles sensu Richards, 1956). In some larger species, e.g. Rhyssini, the
lateral margins of the proctodeal sclerite may be sclerotized and hirsute, and
somewhat resemble a second pair of cerci (Fig. 13).

THE RELATIONSHIP OF ICHNEUMONIDAE WITH OTHER HYMENOPTERA

BIOLOGICAL RELATIONSHIPS

The Hymenoptera is one of the largest and most successful orders of animals in

the world. They have an unusual adaptation which has probably been a major factor
in influencing the evolutionary development of the group. This is the possession
of a haplo-diploid sex determination mechanism: females are diploid whilst males
are almost invariably haploid. Consequently the entire genetic complement carried
by the male is exposed to natural selection, resulting in the efficient elimin-
ation of deleterious mutant genes. This removes a major factor mitigating against
sib-mating and brother/sister copulation is quite common in the order. Further-
more, as many Hymenoptera can apparently control the access of sperm to the egg as
it is laid, the sex of the offspring can be chosen. This system of facultative
arrhenotoky allows the best utilization of resources: male eggs can be laid in or
on small hosts and fertilized eggs laid in or on large hosts. Thus the females,
which are longer lived and required to carry the eggs and search out a suitable
host, are often, on average, the larger sex, particularly in the case of ectopara-
sites or others that do not permit the host to grow after it has been attacked.
Frequently the sex ratio may be very unbalanced with a great preponderance of
females.

The Apocrita, or 'waisted' Hymenoptera to which the family Ichneumonidae be-
longs, possess a further important adaptation, the specialization of the larva,
with a closed gut, to highly nutritious, semi-fluid food (some Gasteruptionid
larvae apparently do not have a closed gut (Malyshev, 1968) but this may be a
secondary adaptation). The fact that in most Apocrita the mid gut does not open
into the proctodeum until the final larval ecdysis means that the larva does not
foul its immediate environment. The faecal matter is contained in the mid gut
until it is voided about the time pupation occurs. Endoparasitism and pre-social
nesting (i.e. the development of a relatively immobile larva on a protein-rich
food store in a very confined space) would have been unlikely to develop if the
hymenopterous larva produced copious faeces, thereby poisoning its immediate envi-
ronment or host.

The basic apocritan biology, as exemplified by Stephanidae, Aulacidae, some
primitive Ichneumonidae (e.g. Rhyssa, Certonotus) and many lower aculeates (e.g.
Cleptidae, Thynninae) is for the hymenopteran to seek out a large, concealed host/
prey individual which is then stung to immotility in its hideaway, and on which an
egg is laid. The hymenopteran then develops solely by devouring the immotile in-
sect. The disadvantage of this strategy is that large hosts are both generally
uncommon and, at least if mobile, potentially dangerous. To some extent the latter
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disadvantage can be overcome by attacking virtually immotile objects such as pupae
in cocoons or larvae whose movement is restricted (e.g. concealed in plant tis-
sue). However, throughout the evolutionary history of the Hymenoptera there is a
tendency to utilize younger and more readily available host/prey individuals. This
has been achieved in two different ways which reflect the biological divergence
between the Aculeata and the Parasitica. Aculeates have, at a relatively early
stage in their evolutionary history, developed the ability to construct a nest
(Evans & Eberhard, 1970). Initially they have continued to use a single prey indi-
vidual (e.g. Pompilidae) but in more advanced groups (e.g. some Sphecidae) multi-
ple smaller prey organisms are used or progressive provisioning (again with smal-
ler prey) is practised. The shortage of nesting sites and the vulnerability of the
stored food to cleptoparasites and saprophages has perhaps encouraged the develop-
ment of sociality. It is characteristic of Aculeata that the ovipositor is usually
not used for egg laying but for stinging the prey. Most aculeates produce powerful
venoms to suppress their prey and many species are specialized to exploit very
active arthropods such as Orthoptera, adult Diptera and spiders.

Powerful venoms can also be produced by parasitic Hymenoptera that use the
ovipositor for egg laying. These are usually species which spend considerable
periods host-searching, attack large hosts, have a low fecundity and therefore are
able to invest more protein resources in venom production. In many Parasitica
irritative or paralysing envenomation is often reduced, partly so as to allow a
host to grow and hide and partly because of a tendency to attack younger and smal-
ler hosts. The utilization of smaller hosts is achieved by Parasitica in two ways.
Firstly, in many taxa (e.g. Chalcidoidea, Proctotrupoidea) the adults themselves
are very small and consequently require a much smaller developmental food re-
source. Many ichneumonoids, however, are comparable in size to aculeates. They
often oviposit in or on a relatively immature host and undergo a protracted first
larval instar, during which time the host insect grows and may develop to, or
almost to, the pupal phase. There is a marked tendency for the more primitive ich-
neumonoids to attack large hosts (and possess paralyzing venoms) whilst more spe-
cialized species oviposit in young larvae or even eggs. Although some ichneumon-
oids may emerge from immature larvae (e.g. some Microgasterinae, some Campople-
ginae) none undergo complete development within the egg as is the case with many
microhymenoptera (e.g. Scelionidae, Mymaridae).

SYSTEMATIC RELATIONSHIPS

Structurally as well as biologically, ichneumonoids are amongst the more primitive
Apocrita and are probably correctly placed near the basal bifurcation of Parasi-
tica and Aculeata. The superfamily Ichneumonoidea is almost certainly a holophy-
letic group (Konigsmann, 1978). It is recognizable by the following apomorphies:

- fusion of C+Sc+R in the fore wing with the corresponding virtual obliter-

ation of the costal cell.

- sternite 1 of gaster divided (Mason, 1981).

The number of families in the Ichneumonoidea varies depending on the prefer-
ences and prejudices of individual workers but at the most there may be six- Ich-
neumonidae, Braconidae, Apozygidae, Aphidiidae, Paxylommatidae and Agriotypidae.
The Stephanidae is not related to the group and best placed as a separate super-
family as are the Megalyridae and the Trigonalidae (Konigsmann, 1978).

Some workers accept only two of the six ichneumonoid families. These, the
Ichneumonidae and Braconidae, are extremely large and account for more than 95% of
the species. The third largest family, the Aphidiidae, may be considered a sub-
family of Braconidae (Achterberg, 1976b) whilst many workers (e.g. Perkins, 1959;
Townes, 1969; and including the present author) treat the Agriotypidae as a sub-
family of Ichneumonidae. The Apozygidae is only known from two males from Chile
and seems to be very close to the Braconidae. The Paxylommatidae is a rather pro-
blematical taxon and has been treated as a separate family (Mason, 1981), a sub-
family of Braconidae (Achterberg, 1976a) and a subfamily of Ichneumonidae (Rasnit-
syn, 1980). The type-genus of the taxon, Hybrizon, contains a few highly special-
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ized species and most of the distinctive features of the group are autapomorphies
and therefore of no use in assessing its systematic position. Mason (1981) correct-
ly points out that Hybrizon lacks the main apomorphy of braconids and therefore
should not be included in the Braconidae. He also claims that there is a fundament-
al difference in the hind wing between ichneumonids and Hybrizon. Mason states that
the radio-medial cross vein in braconid wings is lr-m whilst that in ichneumonids
is 2r-m. This may or may not be true but what is an observable fact is the in bra-
conids the cross vein is proximal to the first fork of R (i.e. Ry/Rs junction). In
ichneumonids the cross vein always arises from Rs distal to its junction with Rj.
Mason then continues (1981: 431) by claiming that the cross vein in the wing of
Hybrizon is lr-m despite the fact that it arises from Rs distal to the junction
with Ry. Certainly the abscissa of Rs is much shorter than in most ichneumonids
(although it is comparable with some species of Phrudinae, Neorhacodinae, Tersilo-
chinae and Cremastinae) but nevertheless the condition of Hybrizon and the Ichneu-
monidae is fundamentally similar, and different from that of Braconidae. Mason's
logic for excluding Hybrizon from the Ichneumonidae is therefore incorrect. Al-
though Hybrizon has a rather aberrant fore wing venation and a highly specialized
body there is no fundamental reason why it should be excluded from the Ichneumoni-
dae, therefore the present author agrees with Rasnitsyn (1980) and includes Paxy-
lommatinae as a subfamily of Ichneumonidae.

The hind wing venational character given above is the main autapomorphy by
which the family Ichneumonidae may be recognized. All ichneumonids lack a vein
dividing the first discal cell from the first submarginal cell in the fore wing but
so do many braconids. No braconid has 2m-cu present in the fore wing (4pozyx does)
and usually this vein is present in ichneumonids, though in a few species (e.g.
some Dicamptus; Sathropterus) it is absent.

THE BIOLOGY OF ICHNEUMONIDAE

Ichneumonids, like most other Parasitica, are protelean parasites, that is their

larval stages are parasitic on other insects and arthropods whilst the adults are

free living (Askew, 1971). Such animals are sometimes termed parasitoids to dis-

tinguish them from organisms whose adult stage is parasitic. Although described as

parasites or parasitoids, ichneumonid larvae exhibit a wide diversity of biological

habits ranging from highly modified specialist endoparasites, to mobile predators

consuming spider's eggs in silken egg-sacs or bee larvae in a series of cells

(Daly, 1983). Some Australian Labenines are at least partially vegetarian, devel-

oping on pollen stores of their host (Houston, 1965). However, the majority of

ichneumonids are intimately associated with a single host individual, feeding

either inside the body or living on its surface and feeding through an integumen-

tary lesion. Endoparasites are physically protected even in an unconcealed host

but because of their more exposed situation, ectoparasites are usually found upon

hosts living in concealed places such as stem mines or pupal cells. Whilst most

ichneumonids are solitary parasites a few ectoparasites may be gregarious (Fitton

et al., 1982); none are known to be polyembryonic, though Shaw (pers. comm.) sus-—

pects isolated species of Banchinae and Campopleginae may be. ;
The majority of Ichneumonidae attack larvae of holometabolous insects, par- |

ticularly those of the Lepidoptera and Symphyta. In most areas more than 60% of

ichneumonid species are parasites of Lepidoptera and almost all species of Ichneu-

moninae, Banchinae, Lycorininae, Stilbopinae, Campopleginae, Ophioninae, Cremas-

tinae, Metopiinae and Anomaloninae are restricted to hosts of this order. Large

numbers of Phygadeuontinae and some Pimplinae and Tryphoninae are also associated

with lepidopterans. Most Tryphoninae and almost all Ctenopelmatinae, Collyriinae

and Adelognathinae are sawfly parasites. Relatively small numbers of species

attack Diptera (Shaw & Askew, 1979) and, except for some phygadeuontines that

parasitize cyclorrhaphous puparia, these all belong to small highly specialized

subfamilies. The Orthocentrinae and Oxytorinae attack Mycetophilidae and the
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Diplazontinae are parasites of aphidophagous Syrphidae. A number of ichneumonids
from a variety of subfamilies attack Coleoptera. The Anomalonini parasitize tene-
brionids and the Tersilochinae parasitize curculionids, chrysomelids and a few
species of the small cucujoid families. A few campoplegines also attack curculio-
nid and chrysomelid larvae whilst a phrudine is known to parasitize derondontids.
Wood-boring beetles serve as hosts for a number of species of Pimplinae, Xori-
dinae, Phygadeuontinae, Acaenitinae and Labeninae. A few species of Phygadeuon-
tinae and Labeninae parasitize Neuroptera or Mecoptera whilst species of the small
subfamily Agriotypinae are parasitic on Trichoptera larvae. Apocrite Hymenoptera
serve as hosts for a variety of ichneumonids; orthopelmatines parasitize cynipid
larvae, groteines and some phygadeuontines attack bees whilst sphecophagines and
some delomeristines attack vespids. A number of other Phygadeuontinae and some
Pimplinae attack solitary wasps. The Polysphinctini are exceptional in being ecto-
parasites of spiders and a few phygadeuontines, labenines and pimplines use spider
egg-sacs as hosts. A number of ichneumonids are hyperparasites. Hyperparasitism,
the developing of one parasite on another, takes two forms, true hyperparasitism
or pseudohyperparasitism (Shaw & Askew, 1976). The first type is where the hyper-
parasite develops at the expense of a primary parasite living on or within the
primary host. The majority of Mesochorinae are obligate hyperparasites, developing
internally in internal parasites such as. campoplegines and microgasterine bracon-
ids. The insects can sometimes be observed probing a lepidopterous larva with
their ovipositors, searching for primary parasites. A pseudohyperparasite attacks
its host, the primary parasite, after this has in its turn destroyed its host
(Shaw, 1981b). large numbers of small phygadeuontines and some pimplines are
pseudohyperparasites. Most are facultative, attacking a wide range of small
cocoons including those of ichneumonoids, but some species of the Acrolyta genus-
group (Townes, 1970a) are apparently obligate pseudohyperparasites (Blunck &
Kerrich, 1956).

‘'The majority of ichneumonids are arrhenotokous with both males and females
occurring in a population. A few cosmopolitan species (e.g. Diplazon laetatorius)
are, for much of their range, thelytokous. In most bisexual species the males
emerge before the females. In many diplazontines (Fitton & Rotheray, 1982) and
orthocentrines the males form conspicuous flying swarms beneath trees, like some
Nematocera, but in other species, e.g. wood-boring pimplines, males congregate
around trees from which the females are about to emerge. In some species (e.g.
Megarhyssa) males have a specially modified tubular gaster to allow them to mate
with a female before she leaves the log (Nuttall, 1973). Males of a variety of
species congregate on flower heads, particularly those with exposed nectaries such
as many Umbelliferae. Mating is usually rather brief. Frequently the male approa-
ches from behind repeatedly stroking the female with his antennae. Copulation
occurs with the male behind or uppermost whilst mutual antennation continues
(Gordh & Hendrikson, 1976; Danthanarayana et al,. 1977). In some species wing
vibration occurs in the males, possibly in response to a female pheromone (Vinson,
1972b).

Although the behaviour of males of many species makes them conspicuous, the
females spend much of their times host-searching in inconspicuous places and are
thus less often seen, though at certain times of the day, often early morning,
many females visit flowers to feed or can be seen drinking from dew droplets on
vegetation. Pollen and nectar appear to be important in improving the fertility of
aging females and increasing the viability of their eggs (Finlayson & Finlayson,
1957). Females also commonly feed on aphid honeydew whilst many ectoparasites feed
on haemolymph exuding from lesions made in a prospective host with the ovipositor
(Cushman, 1926; Graham, 1947; Leius, 1960).

The process of host-location and oviposition involves several distinct steps:
host-habitat location, host-finding, host-acceptance, and for successful parasiti-
zation, host-suitability and host-regulation (Doutt, 1959; Vinson, 1975). A number
of ichneumonids are initially attracted to the host's food source, e.g. Venturia

canescens is attracted to oatmeal (Thorpe & Jones, 1937) whilst Exeristes rufi-
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collis is attracted by the odour of pine oil (Thorpe & Caudle, 1938). Having
located a suitable host-habitat, the flight pattern of the ichneumonid can change
(Gauld, 1976¢) as the process of host-finding is begun. Most species use the
antennae to locate the host, frequently by running them in sweeps over the surface
of the vegetation. Some species respond to the presence of host frass (Spradbery,
1970a) whilst some may probe the substrate with the ovipositor (Vinson, 1975).
Once the female ichneumonid has located a potential host the next step is examin-
ation prior to host-acceptance. This is usually undertaken with the antennae
though may also involve probing of the host with the ovipositor. Vinson (1975)
suggests host-acceptance involves two steps, host-identification and discrimin-
ating whether or not the host is already parasitized.

Most ichneumonids probably inject glandular secretions into their hosts
during the oviposition sequence. Many ectoparasites sting the host and inject a
venom prior to egg laying. Such venoms may induce permanent paralysis (c.f. bra-
conid venom, Beard, 1978). Other ectoparasites inject venom which only causes
temporary paralysis. The host recovers and continues development (Cushman, 1926;
1937). Endoparasites generally only insert their ovipositor once and leave the
host able to move, feed and moult whilst the parasitic larva grows within. How-
ever, they may introduce with the egg a secretion (van Veen, 1981). Some of these
non-paralysing venoms are known to contain proteins produced by the lateral ovi-
duct (Vinson, 1972a), others contain viral particles (Stoltz & Vinson, 1979).
These venoms are known to regulate host development or decrease the efficacity of
the host's defensive system (Vinson, 1972a; 1975; Smilowitz, 1974; Shaw, 1981a).

As might be expected the fecundity of ichneumonids varies inversely with the
probability of successful parasitization. Species which have a planidial larva
have a very reduced likelihood of finding a suitable host, and produce very large
numbers of eggs, whilst species laying in or on a host produce fewer, larger eggs.
Furthermore, species attacking young larvae, which are generally more abundant,
produce more and smaller eggs than species attacking fully grown hosts such as
pupae (Price, 1973; 1975). The various timing strategies adopted, and consequent
fecundities, are of comparable overall efficiency, not only because the larger the
_ parasite egg the less susceptible it is to the host's defences, but also because
hosts selected later in their development are less promne to decimation by other
causes (Shaw & Askew, 1976).

Ichneumonid females may have from around 10 (in some Ichneumoninae and Phyga-
deuontinae) to several thousand (in Eucerotinae) potential eggs. Those of most
species are ovoid, pale and without apparent chorionic sculpture (Iwata, 1958)
(Fig. 18) but a few genera have specialized eggs furnished with some sort of
anchoring device. The most common example of this is amongst the tryphonines which
have large eggs furnished with a variety of hooks or anchors (Fig. 16) which are
used to attach the egg externally to the host's cuticle (Kasparayan, 1981). The
eggs of some endoparasites, e.g. Anomaloninae (Fig. 17) and Tersilochinae, may be
furnished with a sucker-like anchor to secure them to the endoderm (Gauld, 1976c¢),
whilst the eggs of eucerotines are furnished with a long stalk to raise them off
the leaf surface away from predators (Tripp, 1961) (Fig. 19). Many species with
very long ovipositors have an extremely elongate egg (Fig. 20) that is compress-—
ible to facilitate passage down the lumen of the ovipositor.

The female ichneumonid may deposit the egg in a variety of places in, on or
near a host. As mentioned above eucerotines place the egg on a leaf where carrier-
hosts are feeding. Some ectoparasites, especially those permanently paralysing the
host, simply lay an egg near to the host (Spradbery, 1969; Lloyd, 1956) whilst
many ectoparasites, whose hosts recover, place an egg in a position where the host
is unable to reach it with its mandibles (Simmonds, 1947; Baltensweiler & Moreau,
1957). Adelognathines apparently glue the egg to the host's integument (Fitton
et al., 1982). Whilst the majority of endoparasites place the egg free in ‘the
host's haemocoel some Ichneumoninae oviposit into the gut wall (van Veen, 1981) or
salivary gland (Strickland, 1923), some Metopiinae oviposit into the cephalic gan-
glion (Gerig, 1960) and Anomaloninae attach the egg to some internal organ (Tot- )
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hill, 1922). In species which lay on or into a host larva, development is often
delayed and the ichneumonid generally consumes its host after a pupal chamber has
been constructed. A few species (e.g. some Diplazontinae) oviposit into eggs but
only complete development after the host has pupated. A few campoplegines are
exceptional in completing development before the host larva is fully grown.

Many ectoparasites have a wide host range, sometimes attacking species of
several different orders found in a single ecological niche (e.g. some pimplines
are recorded from larvae of Sesiidae, Buprestidae and Xiphydriidae (Aubert,
1969)). This is possible as the host is an immobile food store for the ichneumonid
larva. Most endoparasites, living in the host's haemocoel, have to adapt to the
physiological stresses of the environment and usually have a much narrower host
range than ectoparasites. The polyphagous ectoparasite avoids the danger inherent
in being restricted to and dependant upon a single host species, but a monophagous
endoparasite is able to evolve very efficient adaptations for the exploitation of
its host, involving better host searching behaviour, an increased ability to
counteract the host's defensive mechanisms and synchronization of its life-cycle
with that of its host (Shaw & Askew, 1976).

Where several eggs of a single species are laid in a host that normally sup-
ports a single parasite (superparasitism), usually only one develops to maturity.
The dominant larva may either physically destroy its competitors or cause their
encapsulation (Cushman, 1916). Many ichneumonids are capable of detecting whether
or not a host has been previously parasitized and avoid superparasitism (Lloyd,
1940). In at least some Parasitica, this discriminatory ability has to be learnt
by the female encountering both parasitized and unparasitized hosts. Further