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Physiology

Science of organismal function from the subcellular
level to the whole organism.

Describes interactions of organism and environment.

Quantifies rules for functions, linking them to physical
and (bio)chemical principles.
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Organismal physiology
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Population physiology - ecology
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Basic function: synapomorphy
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Basic function: parallel evolution
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Slow pace of life of the Antarctic
colossal squid

RUI ROSA' AND BRAD A. SEIBEL”
Journal of the Marine Biological Association of the United Kingdom, 2010, 90(7), 1375-1378
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The r-K Scale of Reproductive Strategy: Balancing Egg Output versus Parental Care




Basic functions: tradeofts

Life history

‘slow’ ‘fast’

A lifestyle view of life-history evolution

F. Stephen Dobson* PNAS | November6,2007 | vol. 104 | no.45 | 17565-17566
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Detailed function: adaptation/apomorphy

{a) Laboratory rat (b) Mongolian gerbil

(¢) Sand rat

The sand rat is noted
for being able to
produce large
volumes of highly
concentrated urine.

il et al. (2004)




Structure and concentrating mechanism
in the mammalian kidney’

BODIL SCHMIDT-NIELSEN? AND ROBERTA O’DELLS? Am. J. Physiol. (1961)
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Body size, medullary thickness, and urine concentrating
ability in mammals

CAROL A. BEUCHAT Am. J. Physiol. (1990
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Detailed function: convergence/homoplasy
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Detailed function: convergence/homoplasy

There is little or no ... the renal papilla is highly
development of the renal developed in species native to arid
papilla in freshwater aquatic habitats, so much so that it often
species. However,... penetrates well into the ureter.
Aquatic species Mesic species Arid species

o
Aquatic mole European hedgehog Elephant shrew
(Desmana moschata) (Erinaceus europacius) (Macroscelides sp.)
(8 J
Y
INSECTIVORES

Beaver Squirrel Gerbil
(Castor fiber) (Sciurus vulgaris) (Gerbillus pyramidunt)

Water rat Black-bellied Jerboa
(Hydronys hamster (Jaculus jaculus)
chrysogaster) (Cricetues cricetus)
- v + from Hill et al. (2004)
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Structure and concentrating ability of the
mammalian kidney: correlations with habitat

(1996)
20 =
°
2
;
0 10 =
2 —
= B
o) L
U
g)} -
2 5
=
5 | —
>
N |8
—
o
5 p—
: ® Arid
> e ® Aquatic
-+ ® Mesic
_&3 ® Aquatic e e
l |- ]
I I ! I ! ! | |
0.001 0.01 0.1 1 10 100 1000 10,000

Body weight (kg) on log scale



Detailed function: different solutions to the same
problems
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Marine Terrestrial
VISCOUS Medium thin
buoyancy Support gravity
high Pressure low
3D Dimensionality mostly 2 D
high Conductance low
high Thermal stability low
low Oxygen high




Detailed function: constraints by evolutionary
history (‘contingency’)
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Detailed function: solutions of different efficiency
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( The arterial blood is cooled |
by countercurrent heat

exchange prior to entering
b the brain.

>
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sinus T .
- :"’,; A Carotid rete
-~ 7= . .
/ =t ""’ \ mirabile
/ Nasal vein \
Facial vem
Jugular vein /

Carotid artery

from Hill et al. (2004)



Selective brain cooling: a multiple regulatory mechanism
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The carotid rete and

artiodactyl success

G. Mitchell® and A. Lust
Biol. Lett. (2008) 4, 415-418
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Physiology

Comment

Artiodactyl ‘success’ over
perissodactyls in the late
Palaeogene unlikely to be
related to the carotid rete: a
commentary on Mitchell &
Lust (2008)



Physiology

- describes rules that determine function of biological
units of varying complexity

- is linked to physical and biochemical principles

- describes the link between the environment and the
biological unit

- is linked, by describing different or similar solutions to
the same challenges, to evolutionary history







