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Oxygen Use in Eukaryotes

▷ Aerobic cellular respiration
○ Breakdown of compounds to create 

metabolic energy

▷ Used to build organic (nucleic 
acids, proteins, carbohydrates, 
fats) and inorganic (shells, teeth, 
bone) compounds
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Oxygen Diffusion in the Body

▷ Generalization
○ Gas enters body through 

lungs
○ O2 diffuses across alveoli 

and enters the 
bloodstream

○ O2 binds to hemoglobin in 
RBC and is carried 
throughout the body to all 
organs

○ Aids in cellular respiration

Hypoxia5

▷ Broadly defined as
○ A condition where oxygen 

demand exceeds oxygen supply

▷ Cellular response
○ ATP levels drop
■ Loss of DNA, RNA, protein 

synthesis, maintenance of 
cytoskeleton, signaling, ion 
transport

○ Cellular functions cannot be 
maintained, and the cells can die 
(apoptosis)
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Hypoxic Environments

▷ High altitude
○ Low pressure and fewer O2

molecules to breathe

▷ Extreme depths
○ High pressure
○ Fewer oxygen molecules
○ Nitrogen

Hypoxia at High Altitude

▷ Air contains 20.9% oxygen at all 
altitudes10

▷ At higher altitudes, there is less air 

pressure and fewer gas molecules
▷ Less oxygen to breathe, less 

oxygen in blood

▷ Above: Effective Oxygen % at ascending 

altitudes assuming 0 c and 1 atm

▷ At the left: Oxygen saturation of blood %
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Notable High Fliers

▷ Ruppell's Griffon Vulture
○ High known avian flight record of 11,278 m1

○ 8.5 ft. wingspan
○ Native to Sahel region of Africa (central)

▷ Bar-Headed Goose
○ Recorded at ~8,500 m

○ Most studied of the high altitude flyers3

○ Native to central and southern Asia, 

depending on their stage of migration

Avian Adaptations to High Altitude Hypoxia3

▷ Enhanced hypoxic ventilatory response
▷ Effective breathing patterns
▷ Larger lungs
▷ Specialized hemoglobin
▷ Larger wings
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Pressure Effects of Extreme Depths

▷ Hydrostatic Pressure
○ Pressure experienced at a 

point of depth due to the 
force of gravity and the 
weight of the fluid column

▷the weight 

The Problem with Deep Diving

▷ The Bends/Decompression Sickness:
○ A condition arising from dissolved gases 

coming out of solution in the body as a result 
of depressurization

○ Results in: pain in joints, numbness, and 
stroke-like symptoms that can lead to death

▷ Boyle’s Law: P=CV
○ At constant temperature, the volume of gas 

varies inversely with pressure
○ Pressure increases by 1 atm with every 10m 

depth increase 
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Dalton’s Law of Partial Pressures

▷ Pressure exerted by a mixture of gases is equal to the sum of 

the separate pressures that each gas would exert if it alone 

occupied the volume
○ At 1 atm, O2 is 20% of the atmosphere (0.2 atm) and N2 80% (0.8 atm)

○ At a 10m depth (2 atm), O2 is now 0.4 atm and N2 is 1.6 atm

The Problem with Deep Diving - The Bends

Henry’s Law

▷The amount of dissolved gas in a liquid at 

constant temperature is directly proportional to 

the partial pressure of the gas
○With increased pressure, N2 dissolves in blood in 

proportionally higher amounts

○With deeper dives and higher pressures, more N2

dissolves into tissues

○When returning to the surface, nitrogen is released from 

tissues and is moved to the lungs

○ If N2 comes out of solution too fast, it forms bubbles in 

joints or spinal cord resulting in the bends

The Problem with Deep Diving - The Bends
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Marine Mammals vs. The Bends

▷Mammalian tissue can become saturated 

with nitrogen at pressures of 2 atm (=10m)

▷They are not breathing pressurized air 

underwater as we do when on scuba

▷To avoid high N2 levels, reduce contact 

between lung air and blood

▷Some marine mammals exhale before a 

dive: phocids and deep diving whales

▷Otariids, manatees and possibly small 

cetaceans dive on a full lung

Thoracic/Lung Collapse

▷ When we dive to 30-40m we get ‘squeezed’ as thoracic cavity 

wants to collapse beyond the point it can withstand

▷ Dolphins and seals collapse lungs - How?

○ Diaphragm oblique

○ Floating ribs

○ Flexible thorax and lots of elastic tissues

○ Resilient trachea permits respiratory passages to collapse 

○ Large distensible veins and sinuses can engorge with blood and 

fill space left by collapse



4/22/19

8

Thoracic/ Lung Collapse.

▷ Lung collapse begins with alveoli and works its way up.
○ Tiny terminal sacs where gas is exchanged between air and blood. 

● In dogs under pressure, the bronchioles collapse first and trap air in 
the alveoli. (Don’t take your puppy diving!)

Marine mammals vs Shallow Water 
Blackout

▷ An underwater “faint” due to a lack of oxygen to the 
brain brought on by holding your breath for long 
periods of time
○ Rapid drop in the partial pressure of oxygen in the lungs on ascent

▷ Marine mammals such as dolphins, whales, sea otters 
are tolerant of low oxygen conditions
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Oxygen Supply

▷ Increase oxygen storage

○ Lungs

○ Blood

○ Muscles

▷Use efficiently

▷ Lower metabolic rate
○ Lower rate of usage.

▷Anaerobic processes

Oxygen Stores

▷ Muscles: myoglobin
○ closely related to hemoglobin but found in muscle instead of blood.
○ Holds much tighter unto oxygen molecule
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Oxygen Supply

Oxygen Supply

▷ Amount of oxygen in each unit of blood is measured in:
○ Hematocrit: packed cell volume. Proportion of blood that is made up of 

red blood cells.
■ Humans: 45-50%
■ Otariids: 50-55%
■ Phocids: 55-65%

○ Hemoglobin: molecule on each blood cell that binds to oxygen
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Circulatory Changes

▷ Bradycardia:  the ‘diving reflex’-
slows heartbeat when dive occurs in 
non-diving terrestrial mammals but 
also in voluntary diving mammals.

▷ Slows way down in phocids: to as 
little as 5% pre-dive rate.

▷ Sends blood where its really needed: 
brain cannot stand anoxia

■ Lack of oxygen

▷ Redistribution of blood flow

Why dive to great depths?

▷ Untapped resources
▷ Larger prey
▷ More time for pursuit
▷ More handling time

Why fly to high altitudes?

▷ “Bird’s eye” advantage
▷ Protection against dehydration6

▷ Predatory avoidance
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