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heat). And they can stay active even in cold weather.
But heating itself costs a warm-blooded animal a

lot of energy. To fuel its more intense metabolic pro­
cesses, it has to eat considerably more than does a
cold-blooded animal. To minimize these energy costs,
it may also reduce its heat loss by other means-by
migrating to a warmer climate, by hibernating, by
insulating itself with fur or fat, by building an insulated
nest, or by huddling with others of its kind. But if
these means are not enough to keep the animal warm,
it shivers, increasing its activity level and raising its
metabolic rate.

Because not all animals lose (or gain) heat at the
same rate, not all animals are affected equally by being
in cold (or hot) surroundings. Small animals lose and
gain heat more easily than do big animals.

One reason for this is that heat transfer between an
animal and its surroundings takes place at the surface
of the animal's body, and a small animal has more
surface, compared to its size, then does a large animal
of the same shape. (This is a simple fact of geometry,
true of any object, whether living or nonliving: when
the volume of the object triples, its surface area only
doubles.)

Dr. Steve Thompson, a zoologist at the National
Zoological Park in Washington, D.C., has just
determined the metabolic rate of this tenrec by
measuring how much oxygen it uses. (Aaron
Eisendrath)

The fact that small animals lose heat more easily
than do large animals accounts for** many of the
differences between the shrew and the elephant-and
between small and large mammals in general. The
shrew, being very tiny, has a relatively large surface
area; consequently, it loses a lot of heat. By main­
taining a high metabolic rate, it also produces a lot
of heat, so it is able to keep its internal body tem­
perature constant despite its high rate of heat loss.

How Are Small Mammals Different from Big
Mammals?

The shrew is the most extreme case, but it is generally
true that the smaller the mammal, the higher its met­
abolic rate. And when we consider what metabolism
involves, it is no surprise that a number of different
body processes related to metabolism also change with
size. Here are some of them:

• A small mammal has a higher oxygen turnover.
Every hour, a resting mouse needs about 2,000 mi­
croliters of oxygen per gram of body weight; a man,
about 200 microliters; and an elephant, only about 100
microliters.

**At one time, scientists thought that the surface area explanation
given here could in itself fully explain why small animals have
higher metabolic rates. However, as they studied more animals,
they found that, although surface area and metabolism increase
together, they increase at somewhat different rates-so surface area
is not a full explanation. Nevertheless, it is a clear and pedagogically
fruitful one, and surface area is an important constraint on the
metabolic rate that a warm-blooded animal can have.

You don't have to live in Washington to study at the
Smithsonian!

"Teaching Writing Using Museums and Other
Community Resources," a special one-week course,
will be offered by the Smithsonian Institution this
summer for elementary and secondary teachers living
more than 75 miles outside the Washington, D.C.,
metropolitan area.

The course carries graduate credit from the Uni­
versity of Virginia. Tuition and materials fees will
total approximately $275. No scholarships are avail­
able.

"Teaching Writing Using Museums" will survey
ways in which teachers can use local museum exhibits
and such diverse resources as cemeteries and houses
as tools for teaching writing. In addition to working
on formal and informal exercises, participants will
interview several Smithsonian staff writers to learn
about various approaches to writing.

The course, worth three graduate credits, is open
to full-time classroom teachers (grades 5 through 12),
school librarians (media specialists), and curriculum
specialists. Interpreters for hearing-impaired individ­
uals can be provided for all class work.

Classes will meet from July 7 to 16 in Washington,
D.C. Specially priced housing may be available in a
conveniently located college dormitory. Participants
will arrange their own meals.

• A small mammal breathes faster. While a mouse
may take 150 breaths a minute, a man takes about 16,
and an elephant only 6.

• The heart of a small mammal beats faster.
• The blood ofa small mammal circulates through

its body faster. A shrew's blood circulates all the way
around in 4 seconds, a horse's in 90 seconds, and an
elephant's in 140 seconds. This, and the fast heartbeat,
make sense when you consider that the blood must
carry food and oxygen to the cells for use in metab­
olism, and must carry away the waste products that
metabolism creates.

• A small mammal eats more per gram of its body
weight. In other words, the total amount of food that
it eats is less, but it provides more food for each of
its cells.

• A small mammal develops inside its mother for
a shorter time before it is born. A mouse has a ges­
tation time of about 3 weeks; a horse, of 11 months;
and an elephant, of about 22 months.

• A small mammal has babies when it is younger.
The length of a generation can range from 2 months
for a shrew, to almost 15 years for an elephant.

• A small mammal has a shorter lifespan.
What is even more surprising than these differences

is that the total number ofbreaths and the total number
ofheartbeats in a lifetime are approximately the same
for most mammals (330 million breaths, and 11/2 bil­
lion heartbeats). Just as an inheritance that lasts a miser
a lifetime passes through a spendthrift's hands in a
year, so an elephant manages to make its allotted
number of breaths and heartbeats last six decades,
while a shrew has consumed them all in 12 months.

Scientists do not know why this is so. Maybe one
of your students will figure out why, sometime in the
future. There are exceptions to these patterns. Human
beings, in fact, are an exception to the pattern. Ac­
cording to our size, we should have a lifespan of less
than 30 years.
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To get an idea ofthe size range that this scale covers: the blue whale is 1,000,000,000,000,000,000,000,
(one sextillion) times bigger than Mycoplasma. If an animal existed that was that many times bigger

than the blue whale, this imaginary animal would have 100 times the volume of the earth.

Animal Sizes and Size Li its

The largest animals. Do you see the human
being (who looks as if he were standing
inside the blue whale)? Look at the picture
of the elephant in this issue of ART TO Zoo,
and try to figure out how big it would be if
it was in this box. Cut out a paper elephant
and try it here for size!
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1, the largest flying bird (albatross); 2, the largest
known animal (blue whale); 3, the largest extinct land
mammal (Baluchitherium) with a human figure shown
for scale; 4, the tallest living land animal (giraffe);
5, the dinosaur Tyrannosaurus; 6, another dinosaur,
Diplodocus; 7, one of the largest flying reptiles (Pter­
anodon); 8, the largest extinct snake; 9, the length
of the largest tapeworm found in man; 10, one of the
largest living repitles (American crocodile); 11, the
largest extinct lizard; 12, the largest extinct bird; 13,
the largest jellyfish; 14, the largest living lizard (Ko­
modo dragon); 15, sheep; 16, the largest bivalve mol­
lusk; 17, the largest fish (whale shark); 18, horse;
19, the largest crustacean (Japanese spider crab); 20,
the largest extinct sea scorpion; 21, large tarpon; 22,
the largest lobster; 23, the largest mollusk (deep-water
squid); 24, ostrich; 25, the lower 32 meters of the
largest organism (giant sequoia tree), with a 30-meter
larch tree drawn in front of it

I...-_-------~--------------'------~=~-------''------'

Animals this big have
lungs or gills that in­
crease the surface area
through which they
absorb oxygen. They 22~

also have blood that·
. carries oxygen around

their body.

Brachiosaurus (80 tons)­
Largest dinosaur. People
used to think it lived mostly
in water, but now think it
may have spent a lot of its
time on land.

Baluchitherium (30 tons)­
Largest land mammal of all
time.

blue whale (100 tons)­
Largest animal alive and
largest that has ever existed.

The upper limits of size are mostly
physical ones resulting from grav­
ity.

Bigger animals weigh more. Their
bones have to hold up this greater
weight, and their muscles have to
move it around. There comes a size
where they can no longer do this.

Animals that live in water can
be much heavier than animals that
live on land, because the water helps
hold up their weight. This is why
a whale can be so much larger than
an elephant-and than all the di­
nosaurs-as long as it stays in the
water. A blue whale washed onto
a beach will die of suffocation, be­
cause the weight of its own body
will keep it from breathing.

This is one reason that giants
could not exist-unless thyy lived
underwater, or on a planet where
gravity was much weaker than it is
on earth.



Medium-sized animals. The adult human hand (18) gives
you a scale of comparison.

1, dog; 2, herring; 3, the largest egg; 4, song thrush with egg; 5, the
smallest bird (hummingbird) with egg; 6, queen bee; 7, common cock­
roach; 8, the largest stick insect; 9, the largest polyp; 10, the smallest
mammal (shrew); 11, the smallest vertebrate (a tropical frog); 12, the
largest frog (goliath frog); 13, common grass frog; 14, house mouse; 15,
the largest land snail (Achatina) with egg; 16, common snail; 17, the
largest beetle (goliath beetle); 18, adult human hand; 19, the largest
starfish; 20, the largest free-moving protozoan (an extinct nummulite)

All drawings are from On Size and Life by Thomas A. McMahon and John Tyler Bonner.
Copyright © 1983. Reprinted with the permission of Scientific American Library.

1, Vorticella, a ciliate; 2, the largest ciliate protozoan (Bursaria); 3, the smallest
many-celled animal (a rotifer); 4, smallest flying insect (Elaphis); 5, another
ciliate (Paramecium); 6, cheese mite; 7, human sperm; 8, human ovum; 9,
dysentery amoeba; 10, human liver cell; 11, the front leg of a flea

Some ofthe largest microscopic animals and cells, and the small­
est creatures that you can see with your naked eye. Note the flea's
front leg (11). The whole flea appears in the third box.

1, one of the smallest fishes; 2, common brown hydra, expanded; 3, housefly;
4, medium-sized ant; 5, the smallest vertebrate (a tropical frog); 6, flea; 7, the
smallest land snail; 8, common water flea (Daphnia)

Animals that are small, but big enough to see with your naked
eye. The frog (5) is the same one that is the smallest creature in
the second box.

~16

7

5
~
~

6~

..__.~..4 .,._-~

Insects this big pump
air through holes in
their skin into air tubes
in their body. From
the air tubes, the air
spreads through the
animal by diffusion.

Animals this big can
absorb the oxygen they
need through the sur­
face of their body.

ant (under 1 gram)-An
average ant colony, with
over a million ants, together
weighs less than a heavy
man.

rotifer (considerably under
0.0001 milligrams)­
Smallest many-celled animal

average bacterium
(0.0000000001 milligrams)

Mycoplasma (under
0.0000000000001
milligrams)-Smallestsingle­
celled organism.

large amoeba (0.1
milligrams)

flea (0.3 milligrams)-If
you ordered a kilogram of
fleas, your package would
contain 3 million of them.
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The lower limit of size is set by
biochemistry. You have learned that
animals need to metabolize to stay
alive-so they have to be at least
large enough to hold the metabolic
and genetic equipment they need.



am nos de Animales y Limites de Tamano
Para hacerse una idea de las proporciones que abarca esta escala, la ballena azul es 1,000,000,000,000,000,000,000
veces mas grande que la Mycoplasma. Si existiera un animal que fuera tantas veces mas grande que la ballena azul,

ese animal imaginario tendria 100 veces el volumen de la Tierra.

1,EI ave voladora mas grande (albatr6s); 2, el animal
mas grande que se conoce (ballena azul); 3, el mamf­
fero terrestre extinto mas grande (Baluchitherium) con
una figura humana presentada como referencia de
escala; 4, el animal terrestre viviente mas alto (jirafa);
3, el dinosaurio Tyrannosaurus; 6, otro dinosaurio,
Diplodocus; 7, uno de los reptiles voladores mas grandes
(Pteranodon); 8, la culebra mas grande extinta; 9, la
longitud de la lombriz solitaria mas grande que se ha
encontrado en un hombre; 10, uno de los reptiles
vivientes mas grandes (cocodril0 americano); 11, el
mas grande de los lagartos extintos; 12, el ave extinta
mas grande; 13, la medusa mas grande; 14, el lagarto
mas grande viviente (drag6n de Komodo); 15, oveja;
16, el molusco bivalve mas grande; 17, el pez mas
grande (tibur6n baIIena); 18, caballo; 19, el crustaceo
mas grande (cangrejo arafiajapones); 20, el escorpi6n
marino extinto mas grande; 21, tarp6n grande; 22, la
langosta mas grande; 23, el molusco mas grande (cal­
amar de aguas profundas); 24, avestruz; 25, los 32
metros inferiores del organismo mas grande (arbol
sequoia gigante) con un alerce (larice) de 30 metros
dibujado en frente.

Los animales mas grandes. l, Ve usted al ser
humano que se ve como si estuviera parado
dentro de la ballena azul? Mire la figura del
elefante en este ejemplar de ART TO Zoo,
y trate de imaginar cuan grand~ serfa si es­
tuviera en este cuadro. Recorte un elefante
de papel y trate de ver como cuadra en este
espacio.
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Animales de este ta­
mafio tienen pul­
mones 0 agallas que
aumentan el area de
superficie a traves del
cual ellos absorben
oxfgeno. Tambien
tienen sangre que L..- ...L JlJ!!....

transporta el oxfgeno
a traves de su cuerpo.

BaHena azul (l00
toneladas)-EI animal mas

grande en existencia, tanto

en el pasado como

actualmente.

Brachiosaurus (80
toneladas)-El dinosaurio

mas grande. Antes se crefa

que vivfa basicamente en el

agua, pero ahara se cree que

puede haber pasado gran

parte del dfa en la tieIJa.

Baluchitherium (30
toneladas)-EI mamffero

terrestre mas grande de

todos los tiempos.

El tamafio de los animales
gigantescos es limitado par la fuerza
de gravedad.

Los animales mas grandes pesan mas.
Sus huesos tienen que ser capaces de
sostenerlo, y sus musculos capaces de
mobilizarlo. Esto ya no es posible
cuando un animal alcanza cierto
tamafio.

Los animales que viven en el agua
pueden ser mucho mas pesados que
los que viven en la tierra, porque el
agua les ayuda a sostener su peso. Es
par eso que una ballena puede ser en
tal medida mas grande que un
elefante-y mas grande que todos los
dinosaurios-mientras permanezca en
el agua. Una ballena azul arrastrada
por las olas hacia la playa morirfa de
asfixia porque su propio peso no la
dejarfa respirar.

Esta es una de las razones por las
cuales no pueden existir los gigantes ,
a menos que vivieran bajo el agua 0

en un planeta donde la fuerza de
gravedad sea mucho menor que en la
Tierra.



I, Perro; 2, arenque; 3, el huevo mas grande; 4, tordo (zorzal), con
huevo; 5, el pajaro mas pequeno (picaflor) con huevo; 6, abeja reina; 7,
cucaracha comiln; 8, el mas grande los insectos-palo; 9, el p6lipo mas
grande; 10, el mamffero mas pequeno (musarana); II, el vertebrado mas
pequeno (una rana tropical); 12, la rana mas grande (rana goliat); 13,
rana de pasta comiln; 14, un rat6n casero; 15, el caracol terrestre mas
grande (Achatina) con huevo; 16, caracol comiln; 17, el escarabajo mas
grande (escarabajo goliat); 18, mana humana adulta; 19, la estrella de
mar mas grande; 20, el protozoo m6vil mas grande (un nummulite ex­
tinto).

Algunos animales de tamafio mediano. La mana de un adulto
les da una comparaci6n.

Todos las dibujos de los animales son de On Size and Life par Thomas A. McMahon y
John Tyler Bonner. Derechos reservados 1983. Reimpresi6n con permiso de Scientific
American Library.

9

Vista de algunas celulas y animales miCroscoPlCOS de mayor
tamafio y algunas de las criaturas mas pequefias que se pueden
ver a simple vista. Ffjense en la pata delantera de la pulga (11).
La pulga entera aparece en el tercer recuadro.

I, Vorticella, una ciliada; 2, el protozoo ciliado mas grande (Bursaria); 3, el
animal multicelular mas pequeno (un rotffero); 4, el insecto volador mas pequeno
(Elaphis); 5, otro ciliado (Paramecium); 6, acaro; 7, esperrnatozoide humano;
8, ovulo humano; 9, ameba de la disenterfa; 10, celula del hfgado humano; 11,
pata delantera de una pulga.

I, Uno de los peces mas pequenos; 2, hidra comiln, ampliada; 3, mosca do­
mestica; 4, hormiga de tamano promedio; 5, el vertebrado mas pequeno (una
rana tropical); 6, pulga; 7, el caracol terrestre mas pequeno; 8, pulga comiln
de agua (Daphnia).

Algunos animales que son pequefios pero 10 suficientemente grandes
como para poder ser observados a simple vista. La rana (5) es
la misma que aparece como la criatura mas pequefia en el
segundo recuadro.
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Traducido por el Centro Hispano de Desarrollo Educativo (SED Center)
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Los animales de este
tamafio puede ab­
sorber el oxfgeno que
necesitan a traves de
la superficie de su
cuerpo.

Los insectos de este
tamafio bombean el
aire a traves de agu­
jeros en su piel hacia
tubos respiratorios en
su cuerpo. De estos
tubos el aire se ex­
tiende a traves de todo
el cuerpo del animal
por difusi6n.

EI rotifero
(considerablemente menos
de 0.0001 miligramos)-El
animal multicelular mas
pequeno.

La hormiga (menos de 1
gramo)-Una colonia
promedio-de mas de un
mill6n de hormigas-pesa
menos que un hombre
fornido.

La pulga (0.3
miligramos)-Si Ud.
quisiera comprar un kilo de
pulgas, el paquete contendrfa
3 millones de ellas.

La ameba grande (0.1
miligramos).

Una bacteria de tamaiio
promedio-(O.0000000001
miligramos) .

Mycoplasma (menos de
0.0000000000001
miligramos)-Elorganismo
unicelular mas pequeno.

La bioqufmica determina el lfmite
inferior en cuanto al tamaiio. Dds. saben·,
que los animales tienen que metabolizar
para mantenerse vivos. Asf es que deben
tener el tamafio mfnimo como para
poder contener el aparato metab61ico
y genetico que necesitan.


