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MMM Survival Brackets





Mammals are morphologically diverse



How do they compare?

ÅAmphibians: 7,000 species 

ÅReptiles: 8,950 species 

ÅBirds: 10,000 species 

ÅFish: 25,000 species 

Å>350,000 described plants 

Å>1,000,000 described insects 



Why are they not as diverse?

ÅHigh energetic costs 
due to endothermy

ÅEndothermy: 
generates internal 
heat through 
metabolism to 
[usually] maintain an 
consistent internal 
body temperature

Åòwarm-bloodedó







© ANDREW MCKEAN

Why did endothermy evolve?

ÅOrganisms have limits to what 

body temperatures allow life

ÅThermal independence from 

outside temperatures

ÅCan occupy habitats that 

exclude ectotherms







Heatloss/gain=
SurfaceAreaæTemperature

ThermalResistance



Heatloss/gain=
SurfaceAreaæTemperature

ThermalResistance

Body area over which 

heat is lost/absorbed



Surface Area: 
Bergmannõs Rule

Species groups show 

increased body size 

farther from the Equator

Large bodied animals 

are better at conserving 

heat due to lower 

surface-to-volume ratio



Surface Area: 
Allenõs Rule

Animals that are adapted 

to colder climates tend to 

have smaller limbs and 

body appendages in 

comparison to animals 

that are adapted to more 

warm climates

Arctic hares (Lepusarcticus) 

live in arctic environments

Snowshoe hares 

(L. americanus) live 

in cold environments

Black-tailed jackrabbits 

(L. californicus) live in 

warm environments

Antelope jackrabbits (L. alleni) 

live in desert environments



Heatloss/gain=
SurfaceAreaæTemperature

ThermalResistance

Difference between body and 

environmental temperature 

Body area over which 

heat is lost/absorbed



Temperature 
Difference

Various adaptations, 

such as huddling, can 

alter the surface 

temperature and change 

the temperature 

difference for the animal



Heatloss/gain=
SurfaceAreaæTemperature

ThermalResistance

Difference between body and 

environmental temperature 

Body area over which 

heat is lost/absorbed

The ability of fat, blubber, skin, 

hair, fur to slow heat loss



Thermal 
Resistance

Longer hair length 

increases insulative 

value (decreases heat 

loss) through catching 

air in between hairs





Adaptations are morphological, behavioral, or 
physiological traits that allow an organism to 

survive in a particular environment



Cold Weather Adaptations



MORPHOLOGY:
Insulation 
Mechanisms

Fur and hair trap a layer of 
air close to the body, 
which creates a barrier 
against heat loss

SurfaceAreaæTemperature

ThermalResistance



MORPHOLOGY:
Insulation 
Mechanisms

Blubber is a thick layer of 
fat that provides insulation 
as heat loss slows down 
through the fat molecules

Important for marine 
mammals as water conducts 
heat faster than airSurfaceAreaæTemperature

ThermalResistance



MORPHOLOGY:
Limb and 
Appendages

Compact body shapes 
prevent heat loss from 
appendages and decrease 
surface area, slowing 
down heat loss

SurfaceAreaæTemperature

ThermalResistance



PHYSIOLOGY:
Limb and 
Appendages

Counter-current heat 
exchange places arteries 
and veins close to each 
other so warm blood 
coming from the heart will 
warm cold blood coming 
from extremities SurfaceAreaæTemperature

ThermalResistance



PHYSIOLOGY:
Metabolic 
Adjustments

Shivering thermogenesis 
uses muscle contractions 
to increase body 
temperatures

Brown adipose tissue 
(brown fat) can be broken 
down to release heat

SurfaceAreaæTemperature

ThermalResistance



PHYSIOLOGY:
Metabolic 
Adjustments

Torpor is a brief period of 
dormancy in which 
individuals reduce activity 
and body temperature

Hibernation is multiple 
long torpor boutsSurfaceAreaæTemperature

ThermalResistance



BEHAVIOR:
Microhabitats & 
Migration Patterns

Some animals will use 
microhabitats that provide 
warm refuges from colder 
air or water temperatures

Some animals will 
migrate to warmer areasSurfaceAreaæTemperature

ThermalResistance



BEHAVIOR:
Cuddling & 
Huddling

Huddling reduces heat 
loss by decreasing 
exposed surface area and 
increases the surrounding 
air temperature through 
neighborõs body heat

SurfaceAreaæTemperature

ThermalResistance


