
1

Phamphilioidea

Evanioidea

Cynipoidea

oryrru ae
Eurytomidae
Pteromalidae
Chalcididae
Tetracampidae
Eulophidae
Calesinae
Aphelinidae

...-- Eucharitidae
... Mymaridae

..._-- Rotoitidae
...---- Mymarommatidae

Diapriidae 2
lsmaridae
Monomachidae
Maarningidae
Proctotrupiidae
Vanhorniidae
Heloridae
Roproniidae
Pelecinidae
Figitidae
Ibaliidae
Liopteridae
Cynipidae (gall wasps) 3
Platygastridae
Scelionidae
lchneumonidae...-------e Braconidae 4 lchneumonoidea

... -<= Megaspilidae
Cerapfuonidae
Apidae (bees) 5
Sphecidae (threa -waisted wasps)
Crabronidae
Ampulicidae

t--~[ Formicidae (ants)
Rhopalosomatidae
Pompilidae
Mutillidae 6
Sapygidae
Tiphiidae
Bradynobaenidae
Scoliidae
Vespidae (wasps) 7
Plumariidae
Bethylidaet---- Scolebythidae

...--- Chrysididae (cuckoo wasps)
Trigonalidae
Megalyridae
Gasteruptidae
Aulacidae
Evaniidae 8

...-------- Stephanidae
Orussidae
Xiphydriidae
Anaxyelidae
Siricidae
Cephidae
Megalodontesidae 9
Pamphiliidae
Argidae
Pergidae
Cirnbicidae
Diprionidae
Tenthredinidae (sawflies) 10
Blasticotomidae
Macroxyelinae
Xyelinae

c. 160 MYA

Tree of Hymenopterans showing the phylogenetic relationships among the most significant
groups. Colored boxes indicate high taxonomic ranks. Branches with thick lines indicate robust
clades, and branches with thin lines less-supported clades. The number in the green circle indicates
the chapter in which the clade is also treated. Orange circles mark some nodes and their age.
Photographs illustrate principal clades; boxed numbers associate photographs with clades.



Hymenopterans
Ants, Bees, Wasps, and the Majority
of Insect Parasitoids
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SUMMARY Hymenoptera is one of the most diverse orders of insects consisting of 90
families and more than 115,000 described species spread across all continents except
Antarctica. It is morphologically well defined, and considered beyond a doubt to be a natu
ral group. Although there is no common name that applies to the whole order, its members
are generally referred to as bees, wasps, and ants, which actually represent only three of
the more distinctive groups of the order. Higher-taxonomic-Ievel phylogenetic studies of
the order Hymenoptera were very limited until the last decade, when an increase in DNA
sequencing of this group of insects was performed. Recent phylogenies support unequivo
cally the paraphyly of "Symphyta" with respect to Apocrita. Similarly, within the latter, Acu
leata is a monophyletic group but "Parasitica" is not. The most basal lineages of Hymenop
tera are subfamilies Xyelinae and Macroxyelinae. Most superfamilies that used to belong
to "Symphyta" are monophyletic and form a grade (imbalance group of lineages that gave
rise to a monophyletic group), being Orussoidea the sister group of Apocrita. Within Acu-
leata, "Vespoidea" appear to be paraphyletic, while the Chrysidoidea are monophyletic and
may be the sister group to all other aculeates. None of the traditionally recognized super-
families is monophyletic, with the exception of Apoidea. The origins of hymenopterans date
back at least 220 million years, based on dating of the oldest fossils that are unequivocally
confirmed to be attributable to this order of insects, which have been found in mid-Triassic
rocks in Central Asia. The fossils belong to an hymenopteran with ancestral characters at-
tributab�e to the extant family "Xyelidae." The first appearance of the order predates that
of the first dinosaurs, mammals, and dipterans, and existed more than 100 million years
before the appearance of the first flowering plants. Recent phylogenetic research indicates
that tPle hymenopterans are the oldest order of holometabolous insects, and thus they are
the sister group to the remaining extant orders.

THE HYMENOPTERA CONSTITUTE ONE OF THE FOUR HY

perdiverse orders of insects, the others being Coleop
tera, Diptera, and Lepidoptera. They are notable for
their remarkable richness of species, and also stand out
for the extraordinary diversity in their modes of life,

What is a hymenopteran?
A hymenopteran (from the Greek hymenos [mem
brane] and pteron [wing]) is an insect with two pairs
of membranous wings. The wings of hymenopterans
have the peculiarity of being joined by means of
hook-like structures known as hamuli that allow them
to function as a unit. Hymenopterans also have man
dibles for chewing, generally a tongue or proboscis
for sucking, three ocelli, and compound eyes. The

which range from phytophagy to predation, includ
ing parasitoidism and the induction of galls; and from
solitary behavior to mutualism and the formation of
complex societies. In economic terms, their importance
to humans is greater than that of any other group of in-

term hymenoptera was coined by Linnaeus in 1748.
It has traditionally been considered that there are two
suborders of hymenopterans: "Symphyta" and Ap
ocrita. The "symphytes" (sawflies) have been found
to be paraphyletic, as the apocrites (ants, bees, true
wasps) seem to share a most recent common an
cestor with a family of "symphytes" (Orussidae).
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BOX 33.1 Morphological characters
unique to hymenopterans

• Presence of two pairs of membranous wings, one
smaller posterior pair joined to the front pair by one
or more small hooks (hamuli)

• An apical spur on the anterior tibiae modified into a
calcar (structure used for cleaning the antennae)

• Haplodiploid mechanism of sex determination
(haploid males, diploid females)

Other notable autapomorphic characters of the
group are:

• Partially sclerotized c1ypeus

• Unique labiomaxillary complex

• Posterior notocoxal muscles absent

• Prefemur (trochantellus) present

• Anal veins of anterior wings that do not reach the
wing margin

• Presence of anterior mesofurcal arms

• First abdominal tergite fused with the
metapostnotum .

• Abdominal tergites overlapping the sternites

• Abdominal spiracles surrounded by sclerotized
cuticle

• Basal ring and volsella are present on the male
genitalia

• Presence of basal joint and associated muscles on
the ovipositor

• Presence of chordate apodemes on the ninth
a.bdominal tergite of females

sects. In this respect, a few interesting positive aspects
worth highlighting are the pollination of wild and cul
tivated plants, the biological control of agricultural and
forest pests provided by parasitoid hymenopterans,
and the production of commercial products such as
honey and wax. No less important to humans is their
environmental value, as they form a major component
of biodiversity in their own right and are also vital to
maintaining the diversity of other groups.

The success of the hymenopterans in conquering
terrestrial environments is explained by the evolution
of four characters or biological behavioral features that
have been crucial to their evolutionary success: the
ovipositor mechanism (used both for laying eggs and
for injecting venom), parental provisioning of the lar
vae (location of food source on or inside of which the
eggs are deposited), the diversification of larval diet,
and haplodiploid sex determination. This set of bio
logical mechanisms has resulted in a wide variety of
strategies and life cycles, including parasitoidism, gall

induction, seed consumption, plant pollination, preda
tion, and the formation of complex societies.

As a result of the more recent phylogenetic recon
structions, our knowledge of the relationships and evo
lution of the hymenopterans has advanced considerably,
but there are still a number of unknowns in the various
branches of their evolutionary tree. This chapter pres
ents the most conclusive phylogenetic results, which
have made it possible to locate the divergence events
of the major hymenopteran lineages over time. Specifi
cally, the most recent summary published on the phy
logeny of the Hymenoptera will be reproduced here.

Characteristics of Hymenopteran
Genomes

"
The nuclear genome has a variable chromosome num
ber not only among the groups of hymenopterans, but
also within a single genus (for example, bumblebees
of the genus Bombus have a diploid number ranging
from 24 to 38). However, the hymenopterans consid
ered the most primitive have low numbers, suggesting
that the ancestral number is within the range 2n = 2-8.
Based on these low numbers, it has been posited that
the chromosome number increased through centric fis
sion with occasional centric fusion. For example, the
lowest chromosome number in any metazoan (2n = 2)
is found in the Australian jack jumper ant (Myrmecia
pilosula); most likely, this number is the result of con
secutive fusion events.

Another mechanism for increasing the chromo
some number is polyploidy. It was believed that poly
ploidy occurred at least five times in bees, and it is now

BOX 33.2 Hymenopterans by the
numbers

• Number of species described: more than 115,000

• Number of genera: around 7300

• Genera with the largest number of species:
Aprostocetus, Andricus, Formica, Andrena

• Number of families: 90

• Families with the largest number of species:
Ichneumonidae, Braconidae, Formicidae

• Origin: Permian

• Oldest fossil: "Xyelidae," 220 million years

• Longest-living species: leafcutter ant queens, 20
years (record for the longest life span among insects)

• Smallest species: 0.11 mm (family Mymaridae)

• Largest species: 10 cm, several species of the
genus Pepsis (family Pompilidae)



Basic terms
Assortative mating: Tendency of an individual to

mate with other individuals that resemble it in some
way.

Cecidogen: A gall-inducing compound.
Eusocial: Characterized by organization in colonies in

which a division into castes is observable.
Gall: An abnormal morphological structure on a plant

caused by an inducing agent, often an insect. Also
known as a cecidium (pl., cecidia).

Gregarious: A type of parasitism involving the devel
opment of more than one parasitoid larva per host
(contrasted with solitary parasitism).

Haplodiploidy: A sex determination mechanism
in which fertilized diploid eggs normally produce
females, while unfertilized haploid eggs produce
males.

Hyperparasitoid: A parasitoid of another parasitoid
or even of another hyperparasitoid.

Idiobiont: A type of parasitoid that permanently
paralyzes its host without killing it.

known, thanks to phylogenetic reconstructions, that it
has occurred far more often.

A mechanism common to almost all hymenopter
ans, and to only a handful of insects in other orders, is
haplodiploid sex determination. Male bees, wasps, and
ants are generally haploid organisms; in other words,
they develop from unfertilized eggs. The queens carry
unfertilized eggs and store the sperm of the males,
which is received over a few hours or a few days, to
allow fertilization when circumstances are favorable.
Thus, in a social species of Hymenoptera, three types
of organisms can be found: queens (diploids), work
ers (diploids), and males (monoploids). This general
pattern has numerous exceptions. Indeed, in some
subspecies of the honeybee (Apis mellifera), workers
can produce a diploid generation (and thus female off
spring) by means of a cytological mechanism that does
not require fertilization by the male.

Although the efforts to establish a robust phylo
genetic hypothesis based on morphological characters
and on molecular characters were traditionally uneven,
this has been corrected in recent years. Several solid cla
distic analyses based on molecular markers have now
been published, and these include the most common
families of the order Hymenoptera. The DNA regions
used to determine the relationships of hymenopterans
have been nuclear (185, CAD, 285, EFlu-Fl, EFlu-F2,
and POL). The lag relative to reconstructions of other
metazoan phyla is thus finally being addressed. In this
respect, it is also worth noting the complete genome
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Inquiline: An organism that lives off the gall tissue
produced by another insect.

Kleptoparasite: In hymenopterans, a parasitic organ
ism that lives off the food gathered by another hy
menopteran species.

Koinobiont: A type of parasitoid that allows its host to
remain alive for some time while it feeds on it, before
finally killing it.

Metasoma: The posterior part of the body of arthro
pods; the middle and anterior parts are called the
mesosoma and the head.

Phytophage: An organism that feeds exclusively on
plant matter.

Primary parasitoid: A parasitoid that develops in an
organism that is not another parasitoid (contrasted
with hyperparasitoid).

Solitary parasitism: A form of parasitism involving
the development of a single larva per host (contrast
ed with gregarious parasitism).

sequencing of the honeybee (Apis mellifera) in 2006 by
an international consortium. Its economic importance
(honey), along with its value to the fields of medicine
(venom, allergies), communications (social behavior,)
and genetics (haplodiploid sex determination) result
ed in this species being selected from among all the
hymenopterans for complete genome sequencing (see
Box A model hymenopteran). Comparing this genome
with that of the dipteran Drosophila has revealed that
the patterns of initial development are different, but
the genes involved in sex determination, brain func
tion, and behavior are the same. A short time later, in
2009, whole genome sequencing was completed on the
wasp (Nasonia vitripennis) that parasitizes flies.

The Hymenoptera genome sequencing consor
tium (HGD) has also published the complete genomes
of several formicids, including the Panamanian fun
gus-eating ant (Acromyrmex echinatior), the leafcutter
ant Atta cephalotes, the Florida carpenter ant (Campono
tus floridanus), Jerdon's jumping ant (Harpegnathos sal
tator), the Argentine ant (Linepithema humile), the red
harvester ant (Pogonomyrmex barbatus), and the red
fire ant (Solenopsis invicta). Genetic research on these
highly varied species has opened the door to a better
understanding of processes such as foraging, the divi
sion of labor determined by unique genetic caste sys
tems, mutualistic relationships between leafcutter ants
and the fungi they cultivate, and the evolution of social
behavior, among many other biological and ecological
aspects of ants.
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A model hymenopteran: The common honeybee Apis mellifera
The habitus of the common honeybee represents the
typical morphological and anatomical model of the Hy
menoptera, which is constant and recognizable in the
more than 100,000 extant species of the order. The first
tarsal joint on the posterior legs of bees, as shown in the
figure, is depressed, flattened, and covered in branched
setae, forming a structure specifically adapted to pollen
collection.

The common honeybee is one of the three groups of
insects whose whole genome has been sequenced (the
others are the malaria-transmitting mosquito (Anopheles
gambiae) and various fruit flies (Drosophila). Bees repre
sent one of the culminations of social behavior and the
development of complex societies, and the decoding
of their DNA is expected to provide essential keys for
interpreting how these biological features have evolved.
For example, it has been found that honeybees have
far more genes associated with smell than fruit flies and
mosquitoes, but far fewer associated with taste. In such
an economically important species, the genetic informa
tion now available is expected to aid in the identification

Phylogenetic Results Contrasted
with Previous Classifications
The phylogenetic relationships between the order Hy
menoptera and other insects has been a topic of consid
erable debate. However, the most recent morphologi
cal and molecular studies all place the hymenopterans
within the clade of the Endopterygota, as a sister group
to all other holometabolous insects.

The order Hymenoptera has traditionally been di
vided into two suborders: "Symphyta" and Apocrita.
The latter of these two was in turn subdivided into two
groups, known as "Parasitica" (or "Terebrantia") and
Aculeata, with the category of infraorder or section
depending on the authors. Recent phylogenetic stud
ies based on combined morphological and molecular
characters (see Tree of Hymenoptera) demonstrate
unequivocally that the "symphytes," (or sawflies, eas
ily recognizable by the absence of the propodium, a
typical narrowing between the thorax and abdomen)
are paraphyletic, separate from the rest of the hy
menopterans due to their phytophagous habits. This
is because "symphytes" are all characterized by a set
of ancestral (plesiomorphic) characters shared with
all hymenopterans, and by the absence of specialized
(apomorphic) characters. Similarly, within Apocrita
the recognition of Aculeata makes the group "Parasit
ica" paraphyletic, since the aculeates are derived from
within it.

The most thorough and recent study of the phy
logeny of the hymenopterans has just been published

/

A drawing of the honeybee (Apis mellifera) showing the most
important structures for its taxonomic classification.

of genetic markers to speed up the breeding of bees, re
fine their pollination, and enhance their rates of survival,
and to better control interactions with their pathogens.

(Klopfstein et ai. 2013); this study includes morpholog
ical characters and seven genes: COl, 285, 185, CAD,
EF1a-F2, EFla-Fl, and POL. Klopfstein et ai. define the
"Xyelidae" (subfamilies Xyelinae and Macroxyelinae)
as the most basal lineage of Hymenoptera, and recog
nize it as basal to all other hymenopterans although,
unlike in earlier studies, it is not recovered as a mono
phyletic group. The study recognizes the monophyly
of Tenthredinoidea, and identifies Blasticotomidae as
the basal family of the superfamily. The remaining su
perfamlies of "Symphyta" were all found to be mono
phyletic and formed a grade leading to the Apocrita
as follows: Pamphilioidea, Cephoidea, Siricoidea, and
Xiphydrioidea. The latter superfamily is recovered as
sister group to Orussoidea + Apocrita. Orussoidea is
the most derived "symphyte" lineage and the sister
group to all Apocrita (see Tree of Hymenoptera).

The Apocrita, traditionally referred to as higher
Hymenoptera, are monophyletic and exhibit the typi
cal narrowing between the apparent thorax and abdo
men (wasp waist) and are usually parasitoids or pred
ators. The Aculeata are also a monophyletic group in
cluding wasps, bees, and ants, characterized by having
an ovipositor functionally modified as a stinger. How
ever, the "Parasitica" section of the Apocrita, which is
a paraphyletic group and should not be used in formal
classifications. The most recent molecular analyses in
dicate that the large infraorder, the proctotrupomorphs
(Proctotrupomorpha), which includes most endopara
sitic hymenopteran lineages, is monophyletic, and sis
ter to the Ichneumonoidea. These results contrast no-
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TABLE 33.1 Classification of hymenopteran superfamilies and families in light of the most recent phylogenetic
results. Some groups still need intense research.

XYELOIDEA TRIGONALOIDEA Bradynobaenidae Roproniidae
"Xyelidae" Trigonalidae Formicidae Vanhorniidae

PAMPHILIOIDEA EVANIOIDEA Mutillidae DIAPRIOIDEA
Megalodontesidae Aulacidae Pompilidae Diapriidae
Pamphiliidae Evaniidae Rhopalosomatidae Ismaridae

TENTHREDINOIDEA Gasteruptiidae Sapygidae Monomachiidae
Argidae ACULETAI Scoliidae Maamingidae
Blasticotomidae VESPOMORPHA

Sierolomorphidae MYMARONMATOIDEA
Cimbicidae CHRYSIDOIDEA Mymarommatidae

Bethylidae Tiphiidae
Diprionidae

Vespidae CHALCIDOIDEA
Pergidae Chrysididae Agaonidae

ICHNEUMONOIDEA
Tenthredinidae Dryinidae

Braconidae Aphelinidae

CEPHOIDEA Embolemidae ChalcididaeIchneumonidae
Cephidae Plumariidae EncyrtidaePROCTOTRUPOMORPHA

SIRICOIDEA Sclerogibbidae
PLATYGASTROIDEA Eucharitidae

Anaxyelidae Scolebythidae Platygastridae Eulophidae
Siricidae APOIDEA CYNIPOIDEA Eupelmidae

XIPHYDRIOIDEA Ampulicidae Austrocynipidae Eurytomidae
Xiphydriidae Andrenidae Cynipidae Leucospidae

ORUSSOIDEA Apidae Figitidae Mymaridae
Orussidae Colletidae Ibaliidae Ormyridae

APOCRITA Crabronidae
STEPHANOIDEA

Liopteridae Perilampidae
Halictidae PROCTOTRUPOIDEA PteromalidaeStephanidae

CERAPHRONOIDEA
Heterogynaidae Austroniidae Rotoitidae

Ceraphronidae
Megachilidae Heloridae Signiphoridae

Megaspilidae
Melittidae Pelecinidae Tanaostigmatidae

MEGALYROIDEA
Sphecidae Peradeniidae Tetracampidae

Megalyridae Stenotritidae Proctotrupidae Torymidae
VESPOIDEA Proctorenyxidae Trichogrammatidae

tably with previous hypotheses that postulated a sis
ter-group relationship between the Ichneumonoidea
and the Aculeata. The diverse and species-rich chalcid
wasps (superfamily Chalcidoidea), was recovered as
sister group to the Mymaronmatidae, and together
these are the sister group to a new concept of Diapri
oidea separated from the former "Proctotrupoidea."
In the most recent study commented on here, the Di
aprioidea were recovered as a diphyletic clade basal to
Chalcidoidea + Mymarommatoidea, but distinct from
Proctotrupoidea s.s.

Within Aculeata, "Vespoidea" appear to be para
phyletic, while the Chrysidoidea are monophyletic and
may be the sister group to all other aculeates. It is worth
highlighting that the most recent phylogenetic results
do not resolve relationships among aculeate families,
and none of the traditionally recognized superfamilies
is monophyletic, with the exception of Apoidea.

Of the 90 hymenopteran families recognized to
day, most are monophyletic, though in the superfamily
Chalcidoidea, paraphyletic or even polyphyletic fami
lies are not uncommon, e.g., "Agaonidae," "Aphelini
dae," and "Torymidae" (Table 33.1). Moreover, the
family "Pteromalidae" is a veritable catchall within the
Chalcidoidea; with more than 700 genera and 33 to 35
subfamilies, it represents one of the most complicated
taxonomic problems within the Hymenoptera.

A review of the numerous theories proposed re
garding the phylogenetic relationships of the hy
menopterans shows that notable progress has been
made, but there are also still significant problems to
be resolved. Because some taxa are highly autapomor
phic with respect to their ground plans, it is difficult to
find characters that are shared with other hymenopter
ans (such as Megalyroidea and Ceraphronoidea). As a
result, in terms of classification, large groups such as
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(A) (B) (C) (D)

Figure 33.1 Although the head shapes of the
hymenopterans are generally uniform, some groups of tropical
ants display remarkable diversity. The photographs, taken
with a scanning electronic microscope, show the genera (A)
Atta, (8) Oaceton, (C) Odontomachus, and (0) Paraponera.

Aculeata and Ceraphronoidea appear in different po
sitions within the phylogeny of the Hymenoptera, in
some cases with notable differences depending on the
theory proposed. In light of the most recent studies,
the sister group-relationship between the superfami
lies Ichneumonoidea and Proctotrupomorpha and the
relationships among the families within the Proctotru
pomorpha are reasonably well founded, but support
is still scarce for relationships among other Apocritan
superfamilies.

Evolution of Characters
Many of the morphological characters associated with
hymenopterans appeared have been present since
the emergence of the group (see Box 33.1). Since then,
these Unique characters have generally remained pres
ent, although they have disappeared in a derived man
ner in certain species (Figure 33.1). For example, the
pair of membranous wings with simple venation that
characterizes hymenopterans (mainly the more primi
tive species) has disappeared or become rudimentary
in some species. It is even possible for some castes of
a single species to have wings (e.g., queen and male
ants), while others do not (e.g., worker ants). The ovi
positor apparatus, usually referred to as the stinger
in aculeates, plays a key role in the evolution of hy
menopterans. Although the dipterans and certain ne
opterans (Rhaphidioptera) have an egg-laying appara
tus similar to that of the hymenopterans, the Hyme
noptera are the only order of holometabolous insects
to have developed an ovipositor apparatus in the true
sense of the term. Once the Apocrita developed a sting,
the character never reverted to its original function
of egg laying. One structural character has scarcely
changed since the evolution of the ancestor of the ex
tant hymenopterans: the fusion of the first segment of
the abdomen with the last segment of the thorax. This
has derived into a constriction (wasp waist) in the Ap-

ocrita, where the thorax is fused with the first segment
of the abdomen and the body constriction appears be
tween the first abdominal segment and the remainder
of the abdomen (metasoma).

Evolutionary Tendencies
All of the phylogenetic results clearly point to a dra
matic evolutionary change in the development of the
order resulting from the transition from phytophagy to
parasitism. Parasitoid behavior was probably respon
sible for the spectacular diversification of the parasite
group (the "Parasitica" section of the Apocrita) from
the end of the Jurassic through the Cretaceous. Para
sitoids today constitute the largest component of hy
menopteran diversity and one of the most numerous
groups among insects as a whole.

Two evolutionary groups of "symphytes" are ob
servable, one being the sawflies-Tenthredinoidea and
Pamphilioidea-with exophytophagous dietary habits
(tendency to feed on plant externally) and the other
being the woodwasps, which have an endophytopha
gous habit (larvae feed on tissues inside the plant). The
woodwasps form a basal grade to the apocrites. Their
endophytophagous habit was facilitated by the acqui
sition of symbiotic fungi that made wood digestion
possible for their larvae. It is believed that the transi
tion in the larvae from a phytophagous to a parasitic
mode of life probably occurred through an intermedi
ate wood-boring phase, as reflected in recent molecu
lar phylogenetic research that recovers the ectoparasit
ism of wood-boring insects as an ancestral biology of
parasitoid hymenopterans. Once acquired, the para
sitoid lifestyle allowed a massive radiation of apocrite
hymenopterans, thanks to the parasitism of diverse
orders of insects as hosts. As noted above, the external
form of parasitism is ancestral, while endoparasitism
and other variations of parasitic life arose later and
evolved independently more than once. A peculiarity
of the larvae of the Apocrita is that they do not defecate
until pupation. In this way, they avoid contaminating
the substrate they feed on. This clean mode of life has
been preserved in bees, and the fact that their larvae do



JOSE LUIS NIEVES-ALDREY • MIKE SHARKEY 401

Plant galls induced by hymenopterans
Insects and plants often evolve together. An extreme
case of such coevolution occurs when insects that pro
duce tumorous galls on plants establish such a close
interaction with the host that it affects the speciation
and adaptation of both. Galls are morphological struc
tures made up of the tissues of the plant, but are partly
controlled by the genes of the insect that causes them
to be formed, inhabits them, and utilizes them for its
own benefit. This relationship is so close that the gall
of each species can be considered a true extension of
the insect's phenotype. The specialized phytophagy of
gall induction has evolved independently several times
in many insect groups, but it is in certain hymenopter
ans that this interaction has reached its highest level in
terms of the sophistication and structural complexity
of the galls produced. One of the basal groups of hy
menopteran to acquire the capacity to induce galls early
in its evolution was the "symphyte" group of the family
Tenthredinidae, which underwent a massive evolution
ary radiation, associated with trees of the genus Salix.
A more recent radiation is that of the cynipids or gall
wasps (family Cynipidae), one of the most important

not defecate allows adult bees to maintain a hive with
less threat of microbial infection. The adult females of
many basal lines of apocrites have the capacity to use
venom to temporarily or permanently paralyze their
host. This ability is quite widespread in the Apocrita
and probably developed early. In the few cases stud
ied, it has been confirmed that inducing permanent pa
ralysis or even death by the action of venoms injected
by parasitoids is ancestral or primitive compared to
other subtler effects such as the production of tempo
rary paralysis, which evolved later.

The tendency toward parasitism in the group is
so strong that there are even species of bees that spe
cialize in parasitizing other species of bees, and even
entire genera that parasitize other genera of bees. An
tophora is an excellent pollinating bee, which gathers
pollen that it offers not only to its offspring, but also
mistakenly to the larvae of other genera of bees such
as Melecta, Thyreus. These parasitic bees deposit their
eggs in the nests of Antophora, in a manner similar to
that of the cuckoo. In fact, the bees that parasitize oth
ers are known as cuckoo bees. This type of behavior is
called kleptoparasitism (literally, parasitism by theft)
because the pollen deposited is stolen for the benefit
of the eggs of the parasitic species. Kleptoparasitism
in hymenopterans has appeared several times over the
course of their evolution, and is present in indepen
dent groups of bees and wasps.

The evolutionary event that gave rise to the first acu
leates was the development of a venomous stinger from

cecidogen insect groups, with more than 1400 species
globally, primarily associated with Fagaceae of the
genus Quercus.

Gall species provoke a very characteristic reaction in each
host plant. The photograph shows galls of the eynipid An
dricus quercustozae on small branches of Quercus faginea in
southeast Madrid (Spain).

the ovipositor of a parasitoid ancestor. Numerous other
biological characteristics, including parental provision
ing and the development on the sting, are thought to be
important to the evolutionary history of the aculeates.
In particular, the haplodiploid sex determination mech
anism is thought to have facilitated the development of
highly complex societies or true societies, characterized
by the presence of castes with a division of labor and
overlapping generations. In haplodiploid sex determi
nation, females- fertile egg-layers (queens) and sterile
workers-are diploid. Males are haploid and contribute
only to fertilization of queens (see section Characteristics
ofHymenopteran Genomes, pp. 396-398).

One final and important evolutionary step for hy
menopterans was the acquisition of the capacity for
complex behavior, making possible the specialized
predatory methods of carnivorous aculeates, which di
versified together with the parasite group ("Parasitica"
section) in the Cretaceous and ultimately led to euso
cial behavior.

The culmination of hymenopteran social behavior
is represented by the complex societies of bees and ants,
without parallel anywhere else in the animal kingdom.
Sphecids, vespids, and ants build complex nests, and
the last two form true societies. The evolutionary devel
opment of these societies has its origin in the adoption
of a communal nest by several fertile females of soli
tary species. True societies develop through a number
of parasocial and subsocial stages, gradually acquiring
more complex organization (Figure 33.2).
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(A) (B) Figure 33.2 Two of the most
important evolutionary trends of
hymenopterans are parasitism
and the formation of societies.
The photographs show (A) the
long ovipositor on a Gasteruptidae
indicative of a parasitoid lifestyle.
Characteristically, the parasitic
hymenoptera have an abdomen
with ovipositor, while other higher
hymenoptera have an abdomen
with a stinger. (B) The formation of
complex societies of the Vespidae.

Biogeography and Biodiversity
The origin of the hymenopterans dates back at least 220
million years, according to fossils found in mid-Trias
sic rocks in Central Asia: ancestral"symphytes" attrib
utable to the extant family "Xyelidae." However, a re
cent study by Ronquist et al. (2012) pushes the origins
of the order back to the Carboniferous period, some
310 million years ago, and the radiation of the main
hymenopteran lineages much earlier than previously
supposed, long before the Triassic. The first appear
ance of the order predates that of the first dinosaurs,
mammals, and dipterans and, if Ronquist's hypothesis
is confirmed, occurred more than 100 million years be
fore the appearance of the first flowering plants.

The first fossil records of the Apocrita (and per
haps the first sign of parasitoid behavior in insects)
date from the Early Jurassic. By around 160 million
years ago, in the Late Jurassic, all of the superfamilies,
some modern "symphyte" families, and two notable
lineages (Proctotrupomorpha and Evaniomorpha)
were already present. By around 95 million years ago,
in the Late Cretaceous, all of the extant hymenopter
an superfamilies were present. The hymenopteran
parasitoids of that time were surprisingly modern, as
demonstrated by the excellent beds of fossils in am
ber found in Siberia and North America. Bees appear
as a diverse group in the Baltic amber fossil record in
the Late Oligocene (around 30 Mya). Practically all the
modern groups of ants are also present in the Baltic
amber of the Cenozoic, with the exception of a few
tropical subfamilies.

Today, the order Hymenoptera is distributed in
terrestrial ecosystems on all five continents, from cir
cumpolar to tropical regions. In terms of their distribu
tion in the different zoogeographic regions, most of the
more than 115,000 species of hymenopterans described
are found in temperate regions, but it is estimated that,
with a few exceptions, the greatest diversity of the
main groups of hymenopterans can be found in the
tropical zones, especially the Neotropical, Oriental,
and Afrotropical regions. However, a significant pro
portion of the estimated richness of hymenopterans in

tropical regions has yet to be discovered and studied.
Hymenopterans are also rich in species in temperate
zones, especially certain hyperdiverse groups such
as Ichneumonidae, Apidae, and Pteromalidae, some
members of which exhibit anomalous latitudinal gradi
ents of species richness. The countries with the highest
number of described (named) species of hymenopter
ans (although these figures mostly reflect the histori
cal intensity of research) are the United States, Canada,
Australia, and the British Isles. To have an idea of the
great local richness of species that the hymenopterans
normally exhibit, one need only consider the more than
1700 species recorded in a single sampling point in the
Sierra de Guadarrama mountain range (Madrid, Spain).

Differentiation and Speciation
Nothing is known about the trophic habits of the pre
cursors to the hymenopterans in the Permian, and it
is very difficult to determine the type of diet of ances
tral hymenoptera larvae, due to the diversity of modes
of life of the order's basal lineages. As noted above,
the adaptive radiation of the ancestral hymenopterans
(phytophagous "symphytes" similar to the extant fam
ily "Xyelidae") is very ancient and dates back to the
beginning of the Palaeozoic.

Around 200 to 135 million years ago, in the Juras
sic, the hymenopteran fauna was dominated by spe
cies of the superfamilies "Xyeloidea," Siricoidea, and
Megalodontoidea, all of which were phytophagous,
probably associated with ferns, gymnopserms, and
other groups of nonvascular plants that formed part
of the dominant vegetation of the time. Many of the
extant representatives of these groups of "symphytes"
now live in the temperate-to-cold regions of the world
associated with conifers. It has also been suggested that
in the last 100 million years, divergence and speciation
have accelerated simultaneously in angiosperms and
bees thanks to symbiotic pollination interactions (see
Chapter 12, Angiosperms).

Although allopatric speciation predominates, as in
most organisms, sympatric speciation has also been de
scribed. Sympatric speciation appears to be more eas-
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The phylogeny and classification of the superfamily Cynipoidea
The cynipoids constitute one of the main hymenopteran
superfamilies of the suborder Apocrita. With around 230
genera and more than 3000 species described, this su
perfamily is-after the Ichneumonoidea, Chalcidoidea,
and Proctotrupoidea (in the broad sense)-the group
of hymenopteran parasites with the largest number of
species in the world. This superfamily is divided into
five families that are, as far as we know, monophyletic:
Austrocynipidae, Ibaliidae, Liopteridae, Figitidae, and
Cynipidae. The Cynipidae family includes gall wasps, as
well as inquilines of the galls of other cynipids. The rep
resentatives of the rest of the families are parasitoids of
other insects, mostly primary parasitoids of dipteran,
homopteran, neuropteran, and coleopteran larvae.

Evolution

The early evolution and radiation of the Cynipoidea pos
sibly took place in association with the community of
insects with larvae that were borers into conifer cones,
stems, and wood in woody plants. This hypothesis is sup
ported by the fact that the extant cynipoid groups consid
ered to be the oldest (families Austrocynipidae, Ibaliidae,
and Liopteridae) are parasitoids of insect larvae in these
habitats. Some morphological features exhibited by these
cynipoids or macrocynipoids, such as their relatively large
size, their strong exoskeleton with the arrangement of
sharp transversal crests on the mesoscutum, their tarsal
modifications, and their pronotal ridge, would thus be ad
aptations for digging exit tunnels in wood.

Microcynipoids belong to two very different trophic
groups: phytophagous and other gall insects; and para-

sites. Ronquist posited that the evolutionary origin of all
microcynipoids was an ancestral larva parasitoid spe
cies, possibly a gall-inhabiting chalcidoid. Subsequently,
one phylogenetic line evolved into the gallicolous cynip
ids, and another remained parasitic but colonized new
habitats, giving rise to parasitoid microcynipoids. This
hypothesis has just been confirmed in a recent com
bined phylogenetic analysis based on both morphologi
cal data and molecular markers.

Classification

Our limited knowledge about the phylogenetic affini-
ties and relationships of the Cynipoidea is reflected by
the fact that the classifications within the group have
changed greatly over time and are still disputed today
(see/Table 33.2). Most authors concur in considering
them a series of natural groups, normally with the rank
of subfamily and largely based on biological character
istics such as association with a particular type of host,
but there is considerable debate as to the number and
composition of the different families. Moreover, taking into
account the structural and biological characteristics of
adult insects, Ronquist posits a division of the superfam
ily into two groups: macrocynipoids and microcynipoids.
The first group includes the large cynipoids that are
parasitoids of xylophagous larvae, within the families Aus
trocynipidae, Ibaliidae, and Liopteridae, while the second
group includes smaller cynipoids that produce galls (gal
licolous, or cecidogenous) or inhabitants or parasitoids of
hymenopterans, neuropterans or dipterans, belonging to
the families Cynipidae and Figitidae (in the broad sense).

IBALIIDAE []
LIOPTERIDAE [2]
Pediaspidini
Diplolepidini [3J
Eschatocerini Ii] "-1
Synergini '<:
Aylacini [5]

~Synergini 5
Aylacini ~
Synergini U

Aylacini lliJ
Cynipini [2]
Parnipinae
Thrasorinae

"-1Anacharitinae ffi] '<:
Figitinae Q

Aspicerinae [31J
@Charipinae

Emargininae
Eucoilinae !ill

Kinship relationships of Cynipoidea families based on com
bined analysis of morphological characters of adults and on
molecular markers (28S-D2 and D3, coxl, and 18S-E17-35).
The general evolutionary trend of the Figitidae has been a
transition from parasitism of gall-inducing insects to attack
ing exposed hosts such as aphids and dipterans. The phylo
genetic relationships of the Cynipidae tribes, reconstructed
in Nylander's combined analysis, have also been included in
the tree shown in the figure. Note that the Cynipidae tribes
"Aylacini" and"Synergini" are not monophyletic. Ronquist's

phylogenetic studies of the Cynipoidea find characters that
support the monophyly of the group; on the other hand,
he agrees with Rasnitsyn in considering the Diapriidae
(Proctotrupoidea) the hymenopteran group that displays
the greatest structural similarity to the Cynipoidea. Photo
graphs illustrate principal clades; boxed numbers associate
photographs with clades. Photographs on the left illustrate
an ovipositing Neuroterus species and the gall of the asexual
generation of Andricus grossulariae (both species from the
tribe Cynipini).



TABLE 33.2 Comparative summary of the most recent classifications of the superfamily Cynipoidea

Ronquist (1999),
Weld (1952) Quinlan (1979) Nordlander (1982) Kovalev (1994) Fergusson (1995) updated

IBALIIDAE IBALIIDAE CYNIPIDAE AUSTROCYNIPIDAE CYNIPIDAE AUSTROCYNIPIDAE

Figitinae Aspicerinae

Charipini Charipinae

Eucoilini Emargininae

Figitini Euceroptrinae

HIMALOCYNIPIDAE Eucoilinae

LIOPTERIDAE

FIGITIDAE

Aspicerinae

Anacharitinae

Figitinae

CYNIPIDAE

Eucoilinae

Charipinae

(Alloxystinae)

Pycnostigrnatinae

Cynipinae

LIOPTERIDAE

EUCOILIDAE

FIGITIDAE

Aspicerinae

Figitinae

Anacharitinae

Hirnalocynipinae

CYNIPIDAE

Austrocynipinae

Pycnostigrnatinae

Charipinae

(Alloxystinae)

Cynipinae

Austrocynipinae

Cynipinae

(Pycnostigrnatinae)

(Himalocynipinae)

IBALIIDAE

LIOPTERIDAE

ANACHARITIDAE

FIGITIDAE

Figitinae

Aspiceratidae

EUCOILIDAE

Alloxystinae

Charipinae

THRASORUSIDAE

IBALIIDAE

LIOPTERIDAE

CHARIPIDAE

Alloxystinae

Charipinae

Lytoxystinae

ANACHARITIDAE

CYNIPIDAE

Cynipinae
.-

Aylacinae

Hirnalocynipinae

PYCNOSTIGMATIDAE

FIGITIDAE

Aspicerinae

Figitinae

EMARGINIDAE

EUCOILIDAE

Cynipinae

Aulacideini

Rhoditini

Synergini

Cynipini

IBALIIDAE

Austrocynipinae

Ibaliinae

Ibaliini

Liopterini

FIGITIDAE

Anacharitinae

Aspicerinae

IBALIIDAE

LIOPTERIDAE

CYNIPIDAE

"Aylacini"

Cynipini

Diplolepidini

Eschatocerini

Paraulacini

Pediaspidini

Qwaqwaiini

Synergini

FIGITIDAE

Anacharitinae

"Figitinae"

Parnipinae

Plectocynipinae

Pycnostigrninae

Thrasorinae

Note: This summary does not include the subfamilies of Liopteridae, the fossil subfamilies in Kovalev's system
or the subfamilies of Eucoilidae considered by the same author.

Evolution of parasitism: Parasitoids
In the evolution of hymenopterans, parasitism has been
of vital importance. Parasitic hymenopterans are denot
ed by the special term parasitoid, referring to behavior
that is halfway between predation and parasitism in the
strict sense. Parasitoids, unlike true parasites, invariably
kill their host, but they differ from predators in the fact
that they generally need only a single prey to complete
their development. The strategies and behaviors of para
sitoid hymenopterans are highly varied, including ecto
parasitism and endoparasitism, solitary and gregarious
parasitism, idiobiont and koinobiont strategies, klepto
parasitism and hyperparasitism. Parasitoids have de
veloped stunning adaptations for locating their victims,
even if those victims live inside recesses dug out of tree
trunks. For example, the females of the ichneumonid
Ephialtes have an ovipositor or drill that is almost 6 cm
long. Many parasitoids inject viruses into their hosts in

order to destroy their immune system. Parasitoid com
munities are considered among the most important
groups in ecological terms, as they include some of the
groups of terrestrial organisms with the greatest species
richness. Hawkins and Lawton have noted that the food
chains comprised by green plants, herbivorous insects
(of which many phytophagous and gall-inducing hy
menopterans form a part) and parasitoid insects (almost
all hymenopterans) include half of all known metazoan
species. In addition, parasitoids are responsible for reg
ulating the populations of their hosts, which means that
knowledge about the structure of parasitoid communi
ties and about the factors that determine their richness
is essential for understanding the diversity of terrestrial
communities, for the conservation of ecosystems, and
for the regeneration of altered environments.



Pollination
Insects have been forces for change in the evolu
tion of sexual reproduction by cross-pollination in
angiosperm plants. In this way, they have partici
pated directly in the appearance and development
of many kinds of flowers, which have developed
colorful corollas, penetrating aromas, and nectar to
reward the insect's visit, and thus facilitate pollina
tion (see Chapter 12, Angiosperms). Among the Hy
menoptera are the most important pollinating insects
today, especially wasps and bees. Most species of
the seven bee families are pollinators. These seven
families include more than 20,000 species around
the world. Bees are responsible for the pollination of
a prodigious variety of flowering plants, both wildflowers
and those cultivated by humans. The common honeybee
(family Apidae), used by the human being since ancient
times for honey and wax production, is the most typical
example of a pollinating insect, and is particularly impor
tant for the quantity of flowers it pollinates. Many eco
nomically important plants (alfalfa, peas, fruits, tomatoes,
potatoes) are pollinated by hymenopterans, especially
small and medium-sized bees and bumblebees.

One of the most notable cases of an intimate and
obligate relationship between a plant and its pollinating
insects is that of the fig wasps, tiny microhymenopter
ans of the superfamily Chalcidoidea, and the wild and
cultivated fig trees of the genus Ficus. In one of the

ily documented in cases of parasitism (see Chapter 46,
Speciation). Cases of sympatric speciation have been
posited for species of wasps and bees. For example,
three wasp species of the genus Megarhyssa that have
widely overlapping distributions in North America
live off the same hosts (wood-feeding siricid wasps),
but they are differentiated by having ovipositors of
different lengths. Some authors have proposed three
determining factors that favor sympatric speciation:
habitat preference, assortative mating, and biological
effectiveness associated with habitat. There are other
speciation processes related to the social behavior of
hymenopterans. Rapid speciation has been posited in
the European red wood ants (Formica rufa), of which
six species are the product of a differentiation fostered
in polygynous societies (numerous queens in a single
nest). It is difficult to summarize the variety of evo
lutionary mechanisms of the hymenopterans in this
chapter. However, it is important to bear in mind that
although cases of coevolution are hard to document,
one of the most spectacular cases of adaptive radiation
is represented by the diverse wasp family Agaonidae,
each species of which specializes in pollinating the

(a)
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(b)

mosj extraordinary examples of coevolutionary radia
tion between insects and host plants in existence, some
800 species of Ficus in the world, found especially in
warm and tropical zones, need a specific tiny wasp of
the family Agaonidae for their pollination. These insects
penetrate the inflorescence (which is always closed)
and pollinate the small female flowers that will produce
the fruit. One of the best-known species of fig wasp is
Blastophaga psenes (Photo a, left), which pollinates the
common fig tree in the Mediterranean region, shown
in the photograph together with its specific parasitoid
Philotrypesis caricae (right), which possesses a long
ovipositor. These insects emerge from galls inside the fig
(Photo b).

fruit of one of the 800 species of fig trees (see the Box
Pollination).

Principal Questions Remaining
• What are the phylogenetic relationships between

the basal groups of Apocrita?

• What are the morphological characters
and molecular markers that enable a better
reconstruction of the evolutionary relationships of
hymenopterans?

• Can traditional taxonomy and classification
of the group be reconciled with our present
understanding of hymenopteran phylogeny and
evolution?

• Can the phylogenetic relationships of the
Chalcidoidea be clarified and reconciled with a
resulting natural classification of the group?

• What are the genetic and biological determinants
that have shaped evolution of the key features
of hymenopteran behavior, such as parasitism,
pollination of flowering plants, and the formation
of complex societies?
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