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Figure 16-3 Open and closed respirometery
can be combined in a single experiment to
measure an animal’s gas exchange partition-
ing between various sites. In this experiment
on the reedfish Calamoicthys calabaricus, two
independent open systems are used to deter-
mine branchial and cutaneous aquatic oxygen.
uptake. A third, closed respirometery system
includes the air in the funnel above the head,
from which the animal breathes air. Gas sam-
ples taken after an air breath are used to cal-
culate aerial oxygen consumption. [Adapted
from Sacca and Burggren, 1982,]
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METABOLIC RATE AND BODY SIZE 195
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Figure 5.11 The rates of oxygen consumption for a wide
variety of organisms when plotted against body mass (log
coordinates) tend to fall along regression lines with a slope

sion lines, although there are some exceptions to this
general rule. For example, some insects, pulmonate
snails, and a few other groups have oxygen consump-
tion rates that fall on regression lines with a slope closer
@ A slope of 1.0 means that the rate of oxygen
consumption is directly proportional to the body mass
(ie., an animal twice as big consumes twice as much
oxygen, etc.).

The oxygen consumption rates of microorganisms
also fall on lines with a similar slope, and even some

FROM :

SCAMIAToNIGLSEN, ANinac PHASIOLICY , 1997

of 0.75. Note that each division on the coordinates signifies
a 1000-fold change. [Hemmingsen 1960]

trees show the same relationship between oxygen
consumption and size (Hemmingsen 1960). The fact
that oxygen consumption bears the same relationship
to size in so many different organisms suggests that the
phenomenon represents a general biological rule.

Several physiologists who have worked with these
problems have attempted to reach a rational explana-
tion for the regular relationship between oxygen
consumption, or metabolic rate, and body size.

More than 100 years ago the German physiologist




=105.._,
&
10 L Steer
S Chimpanzee 5-0.¢3
~ qp8L- Goat Sheep
5 Rabbit (“Lf ““‘“}
O : Cat 5
‘8 10— ; !
o Guinea pig
S Rat
T i0
l l l | |
W= e w1 10 102 103 104
Mass (kg)
keefé% [i32

Baody et ol 1934
Reveoltet 193 8




Mass-specific metabolic rate

FREQUENT ALMENTAT o1y
/'7 CEUS WITH HIGUER cAP4eTY OF

N ATE CRodycon

CPECIFIC MR

Harvest mouse
Kangaroo mouse
Cactus mouse

Mouse Flying squirrel

Cat
Rat Ra Dog Sheep |, a0 Horse Elephant

L Lllllld I !lllll!‘ ! Llllllll L1 Illlll[ § O L 1 0 TR | i R T e ¢ L

0.01 0.1 1 10 100 1000
Mass (kg)

OZ onel wutrients wmust be —,u,ra‘y{ ot o nde
exveu 100 Pwmes A % d\i.u&hévz_ onimals .




T T T
Pso
Torr
ring-tailed
lemur
35 |- B
black lemur :
",
~ ' rhesus
30 - k% &
gibbon
25 - chimpanzee @ N}
™. gorilla
1 orangutan
e 1 1 |
7 108 10* 105 108

body mass, g

— ALVEOUR AREA oC 0, coNsuUMPTION

L

MIFFERRNT ceLvur FEATURES, .. HITocHONAR AL

ARNSITY

-~ CAPIUARY MENSITY (Lpd,'\m ‘ twe ouimalr up Ts lhf;)

HIGHER RouR EFFEET IN SWLL ANimdcs (bl wlhep.

i, il Bt oy, .L,A«)

i CARBONTC ANMWAQASE IN SMALL ANIMALS,



Body Mass (Ug)

RESTING ARdidAc HASS Peg

HRART Frte, UNI 3084 n14¢ss
ECphent () 4100 4o wis! 55 g/
Mores (2 41 25
HUAN S P20 5.2
bos 2 105 9.2
AT 3 180 4.1
Rar 03L 340 2.9
Houge 0.03 580 4.0

IT ALSo UoLAS FUR RESPIRATON.

E.p. :
HUMAN

HousSe

12 @\/gwfi/ht‘um‘{’l

(00 1t Iy

FeoM Hice et ol.



