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RESPIRATORY SYSTEM
Gas exchange = uptake of O2 and discharge of CO2
Respiratory medium = source of O2 (air for terrestrial animals, water for aquatic animals)
Water- keeps respiratory cells moist, but O2 concentration is low
Air- High O2 concentration and easier to pump than water, but difficult to keep cells moist 
Respiratory surface 
A. gases must DIFFUSE across membrane, so resp. surfaces are usually thin with large surface area to maximize gas exchange
B. Cells must remain moist to maintain plasma membrane, so respiratory surfaces are moist. O2 and CO2 diffuse across these surfaces after dissolving in water.

SIMPLE ANIMALS (sponges, cnidarians, flatworms)
Gases diffuse across plasma membrane of every cell in the body

MORE COMPLEX ANIMALS – Bulk of body doesn’t have access to respiratory medium Earthworms, amphibians - Respiration across entire outer skin
Most other animals – Folded or branched respiratory organs (gills, trachea, lungs)

GILLS (aquatic animals) – Outfoldings of body surface suspended in water
Ventilation increases flow of RM over RS to keep fresh O2 moving
Countercurrent exchange – blood and water move in opposite directions…as blood gains O2 it encounters water with even higher concentrations of O2 to keep diffusion gradient

TRACHEAL SYSTEMS (insects) – Branched air tubes that extend to every cell in body
Circulatory system doesn’t need to transport O2 and CO2…trachea reach most cells
Larger insects ventilate tracheal systems with compression/expansion (flight automatically does this)

LUNGS (spiders, snails, and vertebrates) – all respiration is in one location
Circulatory system must now be involved in gas transport

BREATHING – inhalation and exhalation of air (you should already know that)
Positive Pressure (amphibians) – draw air into oral cavity then force it down trachea
Negative Pressure (mammals) – suction pump pulls air in by expanding lungs, forces out by contracting lungs
Bird Breathing – Posterior air sacs push oxygenated air into lungs, anterior air sacs push stale air out of lungs. Every exhalation renews air in lungs, so birds have higher O2 concentrations than mammals (and thus perform better at high altitudes)


Breathing Control in Humans
Medulla – brain region, sets basic breathing rhythm based on pH of brain fluid
Low pH = more CO2 (which diffuses to become carbonic acid), so breathing rate increases 

Gas Transport 
Diffusion of a gas is based on its partial pressure = how much atmospheric pressure is caused by that gas (gases diffuse from high pressure to low pressure)

High pressure lungs  low pressure alveolar capillaries  pulmonary veins  low pressure tissue capillaries  arteries  high pressure lungs
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Respiratory pigments bind to O2 to help transport more (hemocyanin and hemoglobin)
More CO2 leads to drop in pH which makes hemoglobin release O2
Hemoglobin also helps transport CO2

Extremely active animals consume large amounts of O2 – more active tissues
Diving mammals stay underwater for long amounts of time – can store oxygen in blood with myoglobin, use as little energy as possible to conserve oxygen
