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Mammals vary in size by
8 orders of magnitude
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Whole-organism metabolic rate (B)
scales as the 3/4 power of body mass (M)
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Smaﬂ rnammafs live fasr and die young c:ompared to brg
ones. Because heart rate tracks weight by a 1/4-power law, a
dog (arrow) about 1/16 as heavy as a horse has a pulse about
twice as fast as the horse’s, not 16 times faster.
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FIGURE 1. The relation of maximum longevity and body weight in wild birds, showing separate lines for

passerine { solid circles ) and nonpasserine (open circles) species.
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FIGURE 2. The relation of longevity and body weight in wild and captive birds compared with lines for
mammals from equations by Giinther and Guerra { 1855) and Sacher ( 1839),
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Data colculated from Ref. [9]

BODY WEIGHT, W, gm

FIG. 4 « YVARIATION IN RADIUS OF AORTA WITH BODY WEIGHT
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SCALING EXPUONENT | REFERENCE

VARIABLE

= e el — == — —

RESPIDATORY SYSTEM PREDICTED UOBSERVED

Long YVolume | 1 = 1.00 [ 105 Weibel. 1973
I|:-|,|--:'_|_|||"'|I|'|':_|.- Frequency I = Ii = —,2% —{). 20 Siahl. 16T
Volume Flow to Lung | 7: = [.Th (h.80) | Stahl, 1967
S . - i
Interpleural Pressure 0= 0.00 1.4 Gunther & de la Barra.
| D
Diameter of Trachea 4 = 0375 n.in I Tenney & Bastlett,
[ 1Y and pers. comm
| in Caider, 10954
Air Velocity in Tr wliea | 0 = 0,00 .n? Crlder (calculated ).
' | 1084
—— || — " A —_—.
[ Tidal Volume 1=1.00 1.041 | Maina & Settle, 1982
Power Disspated ! =0.7% | 1.78 Seahl, 1967
—— - . —— — i— - — N e —
| MNumber of Alveali, V4 ,]‘ = 075 | Mot Available
_1|.-'|||||:1|1' of Alveolus, ¥y ].; = [0.25 Mot A wmiladle

Radiue of Alveolus, ry by = 0.083 0.13 Tenney & Remmers,|

I 1963
Surface Area of Alvealus, A4 || ||[ = (1.083 | Mot Availalble
- E— | -
Surface Area of Lung, A r} w (.03 | 0.05 | Gaehr ot al.. 1981
e — —4 fi
Crygen Diffuaing Crpacity 1 = 1.00) [ 0,040 Gehr ot al., 1081
Totnl Alrway Hesmmtance —f =0.Th ; .70 Siadil. 1067
I':}t'!.'m-'n Consnmption Rate T! = (79 | 0.76 Stahl, 1067
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VARIABLE SCALING EXPONENT REFERENCE

CIRCULATORY SYSTEM MREDICTED UODSERVED

Madinug of Aorta. r d = 0375 0.6 Holt et al. 1981

s

|
|
4
|
|
Pressure in Aorta, Apg 0 = 000 1032 ‘ Gunther & de la Barra
|

Velocity of Dlood in Aorta, wug 0 = 0,00 | 0.07 Milnor, 1970
L —— . N

3 T, ; i | |
Bloodd Volwmimnes, ¥ 1 = ] (N} LK) | Prothers. 1080
Circulation Time $ = 025 .25 Schmidt-Mielser, 17504
f— | - — | I— -
Circulation Distance, { 1 =015 | Not Available

— SRS T—— a — — . —

LCardiac Stroke Voloume 1 = 1.00 1.03 i Gunther. 1975

—— T - - = b — —_
| ardia: F‘rr-;".rq:r_'.:_ " -4 = = 5 )25 i Stahl, 1081
e — - = e
|
Cardiac Output. E $ =075 0.74 ] Gunther. 1975
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FUPEELY Hadlina of Cells
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3 = 0.125 Mot Available|

= Ve

: |
g = =1 (8} 0.0 | Hoppeler ot al., 198]

Uxygen Affindty of Blood, Py = ol = =() 08 | - [}, &0 Dhindsa et al.. 1971
— = S 9 =

Toral Peripheral Memistan-e, I E m ={.T§ | 0.78 Gunther, 1975
r—— e = E—
Womersley Number, l I = 0,25 1 .25

Metabaolic Rate, 3 | T‘ = .75 | 0.75 | Stahl. 10GT
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