INSECT RESPIRATION





Aristotle believed insects did not breath





1669 Marcello Malpighi described the silvery air filled  tracheal tubes of silkworms 





Not until 1921 were experiments carried out by August Krogh which showed that they were involved in respiration





He showed that insects could collect enough oxygen by simple diffusion from the tracheal tubes.  No forced ventilation was required.





If that is so, why are spiracles needed?


�
Hazelhoff (1930’s) showed that spiracles were used to prevent water loss





Most insects have the spiracles closed most of the time





Open the spiracles a small amount 





Oxygen flows down the tracheal tubes down the concentration gradient





Carbon dioxide flows out along the gradient 





Spiracles close again


�



Picture of spiracle closing mechanism fig 3 in wigglesworth


�
MECHANICAL VENTILATION OF TRACHEAL SYSTEM





Diffusion only works on the smaller insects





Actively flying or locomoting insects need forced ventilation





Trachea do not compress, but elongate like an accordion





	eg telescoping of abdomen in hymenoptera, Blattodea etc.





Others have air sacs (very thin walled expanded tracheal tubes)


�



****get a piece of vacuum cleaner hose for explanation******





Wigglesworth picture fig 5


Gullan and cranston fig 3.10 �



Compression of abdomen exoskeleton transfers pressure to heamolymph which equally compresses the air sacs through out the body.





Air sacs are also wedged between flight muscles





Contraction of flight muscles forces air out





Relaxation of muscles draws air in





Oxygen use by flying insects is similar to 200m runner





NB oxygen debt in humans but not in insects,





i.e. efficient system 


�
figure 3.11 gullan and cranston


�



RESPIRATION IN AQUATIC INSECTS





Two major respiratory groups of aquatic insects





Those that live submerged and use oxygen dissolved in the water


(normally larvae)





 and





those that are surface breathers and use oxygen in the air (larvae and adults)


�
Permanently submerged insects usually have sealed spiracles





Tracheal system still remains and is filled with air





It branches underneath the exoskeleton which is very thin





Oxygen diffuses across the exoskeleton and into the tracheal branches





	e.g. Chironomids (Blood worms)


	


Blood contains haemoglobin 


	


Normally not used	





Helps in transportation of oxygen in anoxic conditions


�
Metapneustic respiration





Eg Culicidae (mosquitoes)





All spiracles permanently sealed except the 8th





This is enlarged and lies at the tip of a respiratory siphon





It is sealed by small flaps and muscles





When the insect surfaces, the muscles are relaxed and surface tension pulls the flaps apart





Oil is produced from glands to prevent water from flowing in (NB kerosene)


�
Also found in some aquatic beetle larvae





Specialisation of siphon in some larvae into a saw and spine





Allows piercing of aquatic vegetation and drawing of oxygen from cellular tissues


�
box 9.5 from gullan and cranston�
GILLS IN AQUATIC LARVAE





Found in predominately in Odonata, Ephemeroptera, Trichoptera, Plecoptera





Usually found in active larvae





Spiracles are sealed 





Gills supplied with fine trachea





Gills can be outgrowths (Ephemeroptera)


	(water currents produced by larvae)





or





Internalised in the anus (Odonata)


	(water current produced by anal pumping)


�
pictures box 9.2, 9.1, 9.4, 9.3 and figs 9.6, 9.4, 9.1 of cranston and gullan





�



AIR STORES OF AQUATIC INSECTS





All adult insects breath gaseous air by way of spiracles





All aquatic adult insects have to ensure the spiracles are in contact with the atmosphere





Normally approach the water surface with the tip of the abdomen first


�
Fine hydrophobic hairs cover the tip of the abdomen (NB straight not bent hairs)





Air then diffuses in through the spiracles to the tracheal tubes 





Some species have air cavities under the elytra





The cavity is replenished with fresh air by pumping of the abdomen when at the surface�



  Picture from wigglesworth fig 16


�
Other beetles rise head first to collect air





Head never breaks the water surface





Antennae emerge from the water 





Conduct air via fine hairs to the air reserves 





eg Hydrophilus (great diving beetle)


�



Picture from wigglesworth (fig 17)


�
PLASTRON RESPIRATION





Some insects have ‘bent’ hairs covering the body





Results in a constant volume air supply


(c.f. straight hairs where volume decreases)





Hair density is often very high


2x106 per mm2 





More than 5 atmospheres of pressure needed to displace the air





Allows for the insect to remain submerged for its entire life at depths of up to 6 m


�
Behavioural adaptations





Aquatic insects display a variety of ventilation behaviours that disrupt the oxygen depleted layer





Body undulations


	eg Trichopterans, lepidopterans





Position in the high flow waters


	eg Diptera, Plecoptera, Ephemeroptera 





Swimming action of appendages disrupts layer  eg Coleoptera











�
Physiological adaptations for aquatic respiration 





eg Desis marinus





Marine spider





Lives in the intertidal region





Exposed to air for periods of only 4-6hrs ever 19 days





Respiration rate of the spider decreases significantly when the tide is in





Respiratory rates when submerged are 


< 50% of “normal” terrestrial spiders 


 


�PAGE  �22�














�PAGE  �22�








�PAGE  �22�














