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The Dawn of 

Comparative Physiology
1865: Claude Bernard

ά¢ƘŜǊŜ ŀǊŜ ŀƭǎƻ ŜȄǇŜǊƛƳŜƴǘǎ ƛƴ ǿƘƛŎƘ ƛǘ ƛǎ ǇǊƻǇŜǊ ǘƻ ŎƘƻƻǎŜ 
certain animals which offer favorable anatomic arrangements or 
special susceptibility to certain influences.  This is so important that the 
solution to a physiological or pathological problem often depends 
solely on the appropriate choice of the animal for the experiment so as 
ǘƻ ƳŀƪŜ ǘƘŜ ǊŜǎǳƭǘ ŎƭŜŀǊ ŀƴŘ ǎŜŀǊŎƘƛƴƎΦέ



Comparative 

Biochemistry

Unfolds
1920: A. Krogh ~ Nobel Prize

Mid-1900ôs ~ Viking Physiologists

P. Scholander

K. Schmidt-Nielsen 

K. Johansen

A Canadian ~  F. Fry

Biochemistry ~  F. Lippman

H. Krebs

O. Warburg

Comparative Textbook ~ E. Baldwin



Comparative 

Biochemistry

Family, Alberta

B. Clayton

Mentors

Alpha Helix

Intellectual 

Acquisitiveness

Enzymology

Metabolic 
Regulation

Comparative 
Physiology

Environmental 
Adaptation



THE WRITTEN RECORD

Molecular Archeology
1) Publishing from  1961 - 2002

* Publishing ñArcò virtually non-existent. 

* Started with Review Articles, Synthesis Chapters and 

Field-leading research contributions. 

2) 1970 - 1980 114 papers

1980 - 1990 98   papers

1990 - 2000 113 papers

* Science, Nature, PNAS,  major journals of Biochemistry,

Physiology, Comparative studies, Review Series,  etc.  

3) Over 200 collaborators as co- authors

4) Early Work  1970-1985 dominated by graduate student work

Later (thru 1990ôs) more integrative:  larger groups, collaborations

5) THE BOOK!    Strategies of Biochemical Adaptation

*  Right Place, Right Time 

*  UNIQUE, VISIONARY (not compilation of data)

* Synthetic  Ą Drove investigations in  the whole field

6) Oxygen-related studies  Ą Central ñLakeò of ideas to which Peter always returned  



PWH: The Published Record
A. Fossil Hunting

ÅEarliest papers    - (1961) O2 debt in fish

- CHO  metabolism (aerobic) in lobsters

- Canadian Journals (Biochemistry, Zoology)! 

ÅEra of temperature  1964 - 1970   

- fish models (many species)

- blueprint for approach to

metabolism set out

ÅTemperature  paradigm abandoned 
( l970-71)       

- Framework of approach to 
metabolism/adaptation kept

ÅBrief Pressure Phase: 

- Helix Galapagos

- Helix Hawaii



PWH: The Published Record

B. Era of Oxygen

* Initial Approaches *

- Branch points:  PEP branchpoint. 

- Phospho-regulation  (Oyster) 

- Decreased metabolic rate  (Turtle) 

- Brain as Model  (Turtle) 

- Diving (Anoxia)  (Turtle, Porpoise) 

* Overall  * 

- Most studies were ñinformed by oxygenò    

C.  Conceptual Parallels :   l961 ï2002

- Themes  (Revisited)

- Frameworks  (Expanded) 

- Concepts  (Elaborated Upon) 



THE SHADOWY BEGINNINGS 

OF O 2 STUDIES
THE BRAIN TRUST:

Å PWH as BRAINS

Å Starts with:

4 JBC Articles

2 Major Reviews

2 Synthesis Articles in ñScienceò

ROLE OF ~  Models: Turtle on desk

Oyster in cold room

Dolphin in Vancouver aquarium

Helix:  Amazon 1967

Galapagos 1969 - 70

Hawaii 1973



THE HUGE EXPLOSION OF CREATIVITY &  

CHANGE IN EARLY - MID 70õs

A TEMPERATURE LAB SUDDENLY CHANGES :

Å Sudden ñspeciationò

- Into Anoxia (oyster, turtle)

- Into Pressure (cul-de-sac)

- Into Diving (O2 limitation)

- Exercise (O2 and anaerobic capacity)

- High O2 (squid, bees)

Å Maintenance of directions  *emerging from*  O2

for rest of career: 

- Exercise (muscle metabolism, anaerobic scope)

- Mitochondria (O2 metabolism)

- Diving (aerobic dives)

- Metabolic Arrest (starts with anaerobic models) 

- High altitude (oxygen limitations) 

Å Expansion of areas from a single point source

- Conceptual Drives : 1970 ï2002 



Hypoxia: The Models

ÅTurtles
ÅOysters
ÅPorpoise (dive)
ÅFish:

- Air breathing 
- exercise
- environ. hypoxia

ÅSquid (NOT !)
ÅBees (NOT !) 

ÅNautilus
ÅOctopus
ÅSeals 
ÅGoldfish
ÅElite Athletes
ÅHighlanders
ÅGreyhounds
ÅHorses
ÅLungfish
ÅTurtles

1970s: Animal Models

1980s: Metabolic Arrest

1990s: Human & Animal Model Systems

2000s: Health, Disease

REVIEWS



THE òWHYó OF A 

CREATIVE BURST

Punctuated equilibrium

A.  Synthetic Intuition 

* the PWH approach

B.  Constancy of Concept


