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The Origin of Complete Metamorphosis: Endopterygota

Crustacea? Myriapoda?
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PANORPODEA (MECOPTERIDA)

ANTLIOPHORA

AMPHIESMENOPTERA

NEUROPTERIDA

NEUROPTERODEA

(labial silk glands- plus eruciform larva,
unpaired larval pretarsal claw)

(anal silk glands)

(complete metamorphosis – plus eye & wing bud formation)

(haplodiploidy)

(sperm pump?- plus prosternal
morphology)

(elytra)

Neuropterodea (alderflies, snakeflies, lacewings, & beetles)

Female
heterogamy

(divided larval stipes – plus small anatomy)
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ENDOPTERYGOTA

Pterygota, Neoptera, Eumetabola, Endopterygota: Neuropterodea
Neuropterida (the smaller neuropteroid orders)

Megaloptera (300 spp): Corydalidae

adult larva

Raphidioptera (150 spp)

Ascalaphidae

Neuroptera
(4700 spp, 17 fam.)

Chrysopidae

Myrmeleontidae

Chrysopidae (Nothochrysa)
Nemopteridae

Mantispidae
Osmylidae
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Sisyridae

Pterygota, Neoptera, Eumetabola, Endopterygota: Neuropterodea
Coleoptera (beetles) ~400,000 species in 158 families

prothorax

elytron

Some well-known families of beetles, plus the mysterious Strepsiptera

Cantharidae Cerambycidae
(>20,000 spp)

Staphylinidae
(30,000 spp) Curculionidae (>60,000 spp)

Strepsiptera:
beetle or fly?

Scarabaeidae
(>30,000 spp)
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Histeridae:
Bacanius punctiformis

Cerambycidae:
Titanus giganteus

Big or little, beetles pretty much look like beetles…

(6.5 inches long)
Curculionidae

Dytiscidae

Coccinellidae

Chrysomelidae

Elateridae

Scarabaeidae

But not their larvae!
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(labial silk glands- plus eruciform larva,
unpaired larval pretarsal claw)

(anal silk glands)

(complete metamorphosis – plus eye & wing bud formation)

(haplodiploidy)

(sperm pump?- plus prosternal
morphology)

(elytra)

Panorpodea 1 – Flies, fleas, and scorpionflies

Female
heterogamy

(divided larval stipes – plus small anatomy)
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Pterygota, Neoptera, Eumetabola, Endopterygota: Antliophora
Mecoptera (scorpionflies) – 470 spp

Diptera (true flies) – 130,000 spp in 130 fam.

Siphonaptera (fleas) – 2380 spp

Mycetophilidae Sarcophagidae Calliphoridae

Bittacidae

Panorpidae

Tipulidae

haltere

maggots w/mouth hooks

rostrum

Pterygota, Neoptera, Eumetabola, Endopterygota: Strepsiptera (610 spp)
male

female

female

male“haltere”

cephalothorax
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Female
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(divided larval stipes – plus small anatomy)
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Panorpodea 2 – caddisflies, butterflies and moths



3

Larval cases

Lepidoptera (moths and butterflies) – 120,000 spp, 128 fam.

Arctiidae Pieridae

Pterygota, Neoptera, Eumetabola, Endopterygota: Amphiesmenoptera

Trichoptera (caddisflies) – 10,000 spp

scales

hairs (setae)

proboscis

prolegs

Micropterygidae
(Zeugloptera)

Agathiphagidae
(Aglossata)

Mnesarchaeidae
(Exoporia)

Nepticuloidea
(”Monotrysia”)

Incurvarioidea
(”Monotrysia”)

Palaephatidae
(”Monotrysia”)

Tischeriidae
(”Monotrysia”)

Eriocraniidae
(”Dacnonypha”)

Tineoidea
(Ditrysia)

Yponomeutoidea
(Ditrysia)

Gelechioidea
(Ditrysia)

Bombycoidea:
Atlas moth

Papilionoidea:
Birdwing butterfly
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Hymenoptera – sawflies, woodwasps, wasps, ants & bees Pterygota, Neoptera, Eumetabola, Endopterygota: Hymenoptera
(sawflies, bees, wasps & ants) – 180,000 spp in 91 fam.

s.o. Symphyta:

Orussidae

Ichneumonidae

Formicidae
Apidae

Vespidae

s.o. Apocrita:
(incl. Parasitica & Aculeata)

Cicadidae (Hemiptera)

Apidae (Hymenoptera)

Muscidae (Diptera)
(functional

“ovipositor”)

Thermobia
(Zygentoma)

Ichneumonidae
(Hymenoptera)

Tettigoniidae (Orthoptera) Sawflies Wood wasps
s.o. Symphyta
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Key adaptations:
The hymenopteran body is hard to crush;

…but the key to the success
of the Hymenoptera is eusociality:

Honeybee (Apis mellifera)

Dolichovespula maculata


