PROBLEMS OF SIZE AND SCALE
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| sometric vs. Allometric Scaling
Isometry

*Applies to geometrically similar objects

slsometric figures always have the same

- 5 ( \
relative proportions (e .g..—a cube
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Allometry

*No simple ratio between two measurements (e.g.,
gonad size and body mass; metabolism &
body mass)

N\ T\ N 17T N\
= | BT | [ =1 | [ =1 | |1 =] [ |
| A7 \ W J \ 3 y \ W | | A 3

through origin or curvilinear resu

L 5 " L 1
S =111
wJd | | |l




(A) 8qno Jo awnjop

] 0l 10
_ T D I I I | _ | D I I 1 I
(g€ 0~ = edojs) :
8LWN|OA "SA 011B1 A /VS
® o _ ]
T e.
®

(£9°0 = 8do|s)
8WN|OA 'SA /S

0l

(S) 8qno jo eale adeung




(8]eas Jeaul)
8zIS JO aInseapy

(8jeas sesu))
1Sala}ul Jo 3|qeliep




Metabolic Rate vs. Body Size
Scaling

We know
that a whale

requires more energy (food, calories) per day G‘
than a mouse.




GULLIVER'S S R N et Re i
TRAXELS 1728

Gulliver in Lilliput -
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with a physiological problem -

How much to feed Gulliver?

King calculated 1728 Lilliputian portions.




If we’re not careful, we can run afoul
of assumptions - to wit
LSD and the Elephant

S
T

R A, The story begins with

. APy early research on LSD

—using cats.

It was discovered that a dose of 0.1 mg of
LSD in a 2.6 kg cat caused aggressive behavior.

It was subsequently decided that this might be
a good model for studying musth in bull elephants.




Musth Is a condition of violent
and uncontrollable rage.

The elephant weighed 7722 kg.

The “Investigators” scaled up the dose by weight :
(7722 kg /2.6 kg) = 2970
2970 X 0.1 mg =297 mg
(approximately 1500 X the human dose for a “trip”)




Following injection, the elephant:
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* Stopped
e Swayed
 collapsed

e defecated, and
e died

The scientists concluded that elephants
are particularly sensitive to LSD.

Not so! Assumptions were incorrect!




Metabolic rate (and drug dose) does
not scale directly with body weight!

Body Mass (kg)




We can see that there Is an exponential
relation between metabolic rate and mass:

\./O2 (or ém) = aMmb
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this equation becomes a stra'ight line:

log \./C)2 = log(aMb)

log VO, = log(a) + b log(M)

which has the form y =a + bx,
where b Is the slope of the line




log \./O2 = log(a) + b log(M)

Body Mass (kg)
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What about the weight-specific metabolic rate?

(10, ¢ h™) / (kg)

. aM b
VO,/M = = aMbl = aM-0.25
\Y
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elephant

slope = 0.75

E.

(kcalekgted?)

slope =-0.25

Body Mass (kg)




Scaling of Locomotion

* Body size affects relative costs of different
kinds of locomotion and their velocity

 Examine running, swimming and flying




Activity vs. VO 5

Locomotion is expensive:

In humans, VO, can increase 15-20 X during exercise




Metabolic Scope for Activity = AMR / SMR

Expressed as dimensionless
value (e.g., 8)

Goldfish (ml O , « kg« h-)

AMR
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Is There An Optimum Size?

Constraints on size

— Basic mechanical design (hydrostatic &
exoskeletons vs. endoskeletons)

— Basic physiological design (open vs. closed
Circ. syst)

— Habitat (aquatic vs. terrestrial)
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