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Spiracle types and closure mechanisms

EXTERNAL-VALVED. ATRIATE SPIRACLE
(with external Type 1 “lip closure”)

NON-VALVED,
NON-ATRIATE SPIRACLE

INTERNAL-VALVED,
ATRIATE SPIRACLE

closer
muscle

dust-
catching
setae

atrium
lip

filter apparatus

atrium closer
muscle

ant spiracle
(open)

grasshopper spiracle
(closed)

Spiracle types and closure, continued

EXTERNAL-VALVED
(with Type 2 lip closure)

trachea

INTERNAL-VALVED
(with opposed muscles)

internal
sclerotized
pad
internal

cuticular
process

trachea

occlusor muscle

valves

INTERNAL-VALVED
(occlusor muscle only)

occlusor

dilator

trachea

occlusor

elastic cuticular
process

head louse spiracle

Trabeculae

Armature

Protective hairs 
and teeth on lips 

of spiracles

Spiracular filtering devices (various Orthoptera)

felt chambers

sieve plates

Directional hearing in crickets (Orthoptera)

= mesothoracic spiracles

= typanal organs in front tibiae

Capacitative loading of tymbals  & ears
in cicadas (Hemiptera)

tymbal

tymbal muscle

tymbal

tympanum

air sacs
(provide acoustic loading

pleural & sternal phragmata
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Aquatic respiratory non-adaptation:
Cutaneous diffusion in spongillafly larva (Neuroptera: Sisyridae) hydrofuge hairs

separated

“snorkle”
(Ranatra: Hemiptera)

hairs closed over spiracle

O2

O2

O2

air

Tracheal gills

Siphons

Aquatic respiratory adaptations: gills & siphons

Aedes
mosquito

larva

damselfly
naiad

Culex pipiens life cycle (Diptera: Culicidae)
Aquatic respiratory adaptations: bubbles in beetles & bugs

Dytiscus
beetle:

under elytra
Hydrophilid

beetle:
ventral

sternalsternal
“keel”

Notonectidae: dorsal & ventral

water strider:
Gerridae, Gerris

Aquatic Hemiptera: four families

water boatman:

backswimmer:
Notonecticae, Notonecta

water boatman:
Corixidae, Corixa

water scorpion:
Nepidae, Nepa

Aquatic respiration by an air bubble:
Dytiscus (Coleoptera: Dytiscidae)

air

subelytral cavity

trachea
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Gaseous plastron – Aphelocheirus (Hemiptera)
openings

epithelium
cuticular

filaments of
end of trachea

(spiracle)
plastron hairs
(microtrichia)

AIR

H2O

H2O

H2O
5 μ

“creeping

macroplastron

plastron100μ

Hydrophilus (Coleoptera)

Elmis (Coleoptera)

20 μ hairs flattened

hairs
erect

“riffle beetle”

p g
water bug”

Blood gills (Ex = anus of Simulium pictipes larva – Diptera)

typical adult “black fly”

Spiracular gills (Ex = Hydroscapha natans – Coleoptera)

larva

adults

actual
size

Hemoglobin for respiration
(Ex = Chironomus spp. – Diptera)

Hemoglobin for buoyancy
and respiration

(Ex = Anisops sp. – Hemiptera)

teeth

saw

Respiratory siphon
for puncturing plant stems

Mansonia and Coquillettidia
mosquito larva

Tapping underwater plant stems for air in Donacia
(a “long-horned” leaf beetle – Coleoptera: Chrysomelidae)
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Tapping underwater plant stems for air in Chysogaster
(Syrphidae: Diptera) abdominal

spiracles

“Aquatic” endoparasite: Hypoderma larva

“head”

mouth hooks

Pontomyia sp. (Diptera: Chironomidae) – a marine insect

lagoons & tide pools

Male

reduced wing

Halobates fijiensis, a truly marine insect (Hemiptera: Gerridae)

Distribution of juveniles along upper shore and mangrove transects

high tide

low
tide

Distribution along an open-water transect

high tide

juveniles

adults

The insect circulatory system

heart
pericardial sinus

perivisceral
sinus

pleuro sternal

dorsal
septum

alary
muscle

pleuro-sternal
boundary

perineural
sinus

ventral nerve cord

ventral
septum

septum

fenestra

X

Pattern of circulation

wing heart

excurrent ostium incurrent
ostium

dorsal &nerveleg

leg ampulla

antenna

antennal
ampulla

wing
ampulla

do sa &
ventral
septa

nerve
cordheart

ganglion
leg

extension of
ventral septum

leg
dorsal vessel

(aorta)


