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 IB426 Exam II Study Guide 
 
 Earth’s atmosphere. 
 Composition of gases in early Earth’s atmosphere. 
 Processes of evolution of Earth’s atmosphere from reducing to oxic.  
 What were the O2 sinks. 
 Composition of gases in today’s Earth’s atmosphere. 
 Calculation of dissolved atmospheric air gas components in aquatic habitats. 
 Atmospheric pressure, partial pressures of O2, CO2 and N2. 

What effects or constraints the different physical properties of air vs water impose on the  
design of respiratory systems and process in air breathing vs water breathing animals. 

 
 Respiratory systems of animals 
 How is air/O2  delivery of the insect tracheal system different from gills or lungs? 
 Water pumping vs ram ventilation in fishes.  
 Structures of fish gills; counter current gas exchange mechanism at gills. Diffusion 

distance for O2 at gill surface. 
 Anatomy of bird respiratory system and one-pass mechanism of ventilation. 
 Anatomy of human respiratory system and tidal ventilation. Diffusion distance for O2  

in alveoli.  Meaning of the various pulmonary volume measures (inspiratory reserve,  
expiratory reserve, residual volume, vital capacity).   

 What are the pO2 and pCO2 gradient for gas exchange to take place at the alveolar and 
respiring tissue levels in human. 
 

 Circulatory systems of animals 
 How are the respiratory and circulatory systems interconnected? 
 Open vs closed circulation.  Animal examples. 
 Evolutionary progression of heart structural complexity, and separation of oxygenated 

and deoxygenated blood.  
 Anatomy of teleost heart, amphibian, non-crocodilian reptile heart, crocodilian heart, 

            and mammalian heart. 
 Blood circulation pathway of water breathing vs air breathing lung fish. 
 Cog teeth valve in crocodilian heart and its function. 
 What is foramen ovale? 
 

 O2 binding proteins and gas exchange. 
 Structural difference of the O2 binding hemoproteins - myoglobin and hemoglobin. 
 Globin gene evolution. 
 What are other O2-binding proteins in invertebrates, and what ion in each binds O2? 

Color? 
 Oxygen dissociation curve of myoglobin and hemoglobin.  Why is Hb O2 dissociation 

curve sigmoidal in shape? 
 Definition of P50 of Hb, and its relevance to O2 binding affinity. 
 Modulation of O2 dissociation – Bohr effect, Root effect, ionic effect, temperature, 

organophosphate. 
 What is the biochemical reaction involving Hb that is responsible for the Bohr effect? 
 O2 secretion in teleost swim bladder. 
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 Relationship between depth and hydrostatic pressure. 
 The mechanisms involved in secreting O2 into the swim bladder. 

 Gas (O2/CO2) exchange in vertebrates – reactions at respiring tissues; reactions at lung. 
 O2 sensing in aquatic animals vs CO2  in terrestrial animals. 
 Mechanisms of mammalian respiratory chemo-(CO2) sensing 
 

 Temperatures and Heat Exchange 
 Conversion between oC and oF. 
 What is biokinetic zone? Definition and examples of eurythermal and stenothermal 

animals. 
 Definition of Q10 and what it measures. 
 What is isozyme switching? 
 Definition of Kcat and Km (which enzyme property does each represent). 
 How can one tell (i.e. what is the experimental evidence), that there is evolutionary 

compensation in Kcat and Km of LDH from animals living in different thermal habitats. 
Make sure you understand the information and concepts in WSJ Table. 8.2 (for Kcat) and 
Fig. 8.4 (Km). 

 
 Homeoviscous Adaptation: 
 What are the effects of cold and hot temperatures on cell membrane fluidity? 
 How is membrane order/disorder measured? How does membrane lipid composition 

affect membrane order?  How does membrane cholesterol affect membrane fluidity? 
 What is homeoviscous adaptation (HVA). Give a prominent example of short-term HVA      

during warm acclimation of carp (what is )9- desaturase?) 
 How can one tell experimentally that there is evolutionary HVA in membrane lipids of 

animals living in different thermal environments (WSJ Fig, 8.6) 
 What are heat shock proteins and their function?  Relationship between threshold 

temperature of heat shock protein induction and body temperatures of animals. 
 
 Thermal Strategies of animals: 
 Definition of ectotherm, endotherm, and heterotherm. Why are ectotherm and endotherm 

more appropriate descriptors than cold-blooded/warm-blooded, and poikilotherm/ 
homeotherm. 

 Example of “cold-blooded” animal with high body temperature, “warm-blooded” animal 
with low body temperature, poikilotherm with constant body temperature, homeotherm 
with variable body temperature.   

 Definition of the modes of heat exchange - conduction, convection, radiation, and 
evaporative heat loss. Examples of each. 

 What is the heat capacity of water?  What is the latent heat of evaporation of water? How 
do these two physical properties of water relate to animal thermal balances. 

 
 Ectotherm thermal strategies:  
 What is Tpreferred, and how do ectotherms achieve Tpreferred body temperatures? 
 Effect of S/V (surface area/volume) ratio on heat content and rate of heat loss in small vs    

large ectotherms. 
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 How is Tb in Galapagos marine iguana modulated physiologically so they can carry out 
multiple feeding dives in the cool ocean water daily.  How large are the changes of heart 
rate and Tb? 

 
 Endotherm thermal strategies: 
 The relationship between Metabolic Rate vs Ta for endotherms.  What is thermal neutral 

zone? What are UCT and LCT?     
 Definition of thermal conductance (be sure you know why and how it is different from 

conduction or thermal conductivity). 
 Metabolic consequence of different thermal conductance of arctic versus temperate 

mammals. WSJ Fig. 8.34.  Does the Arctic fox ever need to double its MR to maintain 
constant high Tb within the normal range of cold temperatures it experiences in nature? 

 Mechanisms to reduce heat loss - S/V consideration and examples; fat insulation and 
the associated cutaneous shunt pathway and counter-current heat exchanger. What is a 
counter current heat exchanger and how does it work?   

 Active metabolic heat generation – the mechanism in shivering thermogenesis, and 
brown fat (non-shivering) thermogenesis (important - lipolysis and futile H+ cycling).  

 Mechanisms to dissipate heat - cutaneous and respiratory water loss; how much heat is 
removed per gram of water evaporated (i.e. the value of the latent heat of evaporation)? 
The anatomy and mechanism of the counter- current heat exchanger in marine mammals 
to regulate temperature of gonads and fetus? 

 Heat storage - the calculation for the amount of water saved in dehydrated camel 
through heat storage (allowing body temperature to rise by several degrees during day).   

 
 Heterotherm thermal strategies: 
 Anatomical difference in the circulatory system between ectothermic fish and  
 heterothermic fish that allow the heterothermic fish to retain metabolic heat . 
 How does the counter current heat exchanger in tuna work to preserve a high body 

temperature at the swim muscles? 
 The futile Ca++ cycling mechanism of bill fish heater organ thermogenesis. You need 

to understand the complete process of excitation-contraction coupling of striated muscle 
in normal muscle contraction, why no contraction occurs in the modified superior rectus 
eye muscle (heater organ) of bill fish, resulting in futile Ca++ cycling and thermogenesis.  
What are dihydropyridine receptors, ryanodine receptors, SR membrane, SR Ca++ 

ATPase (i.e.Ca++ pumps)...etc.  Also high intracellular Ca++ stimulates substrate 
catabolism to drive oxidative phosphorylation providing the ATP needed by the SR Ca++ 
pumps. 

 
 **Counter-current heat exchangers - there are multiple examples.  Make sure you 

understand what each one does, which has warm arterial/cold venous blood (endotherm), and 
which has cold arterial/warm venous blood (heterotherm  - in tuna swim muscle), and the 
direction of heat flow. 

 
 Hypothalamic control of Tb and the concept of Tsetpoint.  What are the effectors in 

thermoregulation in endotherms, and what are the effectors in ectototherms. 
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 Torpor/Dormancy/Hibernation: 
 Physiological and metabolic characteristics/criteria of the torpous/hibernating state. 
 Relationship of changes in Tsetpoint and entry into torpor/dormancy/ hibernation, and 

arousal from those states. 
 What are the sources of heat to raise body temperature during arousal to euthermic value 

for endotherms. 
 Why are bears not hibernators?  What is the evidence for urea recycling for protein 

synthesis during bear winter sleep. 
 

 Evolution of Endothermy - The reasoning behind enhanced aerobic capacity as the 
selection that drove the evolution of endothermy (related to the cost involved in locomotion 
for swimmers vs runners/crawlers). 


