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Controlling the internal environment 
Animal's nitrogenous wastes are correlated with its phylogeny and 

habitat 

Metabolism produces toxic by-products. The most troublesome is the nitrogen-

containing waste from the metabolism of proteins and nucleic acids. The 

nitrogenous waste product is ammonia, a small and very toxic molecule. 

Excreting ammonia directly is bioenergetically efficient way to dispose of 

waste. Many organisms first convert ammonia to compounds such as urea or 

uric acids. 

Fig. 40.14 P897 
Ammonia 

Most aquatic organisms excrete nitrogenous wastes as ammonia. Ammonia 

molecules are very soluble in water. In fishes, most of the ammonia is lost as 

ammonium ions (NH4+) across the epithelium of the gills.. In fresh water 

fishes, the epithelium of the gills takes up Na+ from the water in exchange for 

NH4+, which helps maintain concentration in the surrounding water.  

Urea 

Although it works in water, ammonia excretion is unsuitable for disposing of 

nitrogenous wastes on land. Mammals and most adult amphibians excrete 

urea. This substance can be tolerated in amuch more concentrated form 

because it is about 100,000 times less tocix than ammonia. Urea is produced 

in the liver by a metabolic cycle that combines ammonia and CO2. 

The circulatory system carries urea to the kidneys, where some of it is 

retained in kidneys, where it contributes to osmoregulation by helping maintain 

the osmolarity gradient that functions in water reabsorption.  

Amphibians that undergo metamorphosis generally switch from excreting 

ammonia to excreting urea during the transformation from an aquatic larva, 

the tadpole, to the terrestrial adult. This biochemical modification, however, is 

not always coupled with metamorphosis. 

Uric acid 
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Land snails, insects, birds, and many reptiles excrete uric acid as the major 

nitrogenous waste. (Uric acid is less soluble in water than either ammonia and 

urea. In birds and reptiles, urine is eliminated in pastelike form along with 

faeces. 

Thermoregulation maintains body temperature within a range conductive 
to metabolism 

Thermoregulation is the maintenance of body temperature within a range that 

enables cells to function efficiently. For example, the rate of cellular respiration 

increases with temperature up to a certain point, and then declines when 

temperatures are high enough to begin denaturing enzymes. The properties of 

membranes also change with temperature.  

 

Heat transfer between organisms and their surroundings 

An organism exchanges heat with its external environment by four physical 

processes: conduction, convection, radiation, and evaporation.  

Conduction is the direct transfer of thermal motion (heat) between molecules 

of the environment and those of the body surface. Example: animal sits in a 

pool of cold water or on a hot rock. Heat will always be conducted from a body 

of higher temperature to one of lower temperature. Water is 50 to 100 times 

more effective than air in conducting heat.  

Convection is the transfer of heat by the movement of air or liquid past the 

surface of abody, as when a breeze contributes to heat loss from the surface 

of an animal with dry skin.  

Radiation is the emission of electromagnetic waves produced by all objects 

warmer than absolute zero, including an animal's body and the sun. example 

organism absorb heat from the sun. 

Evaporation is the loss of heat from the surface of a liquid that is losing some 

of its molecules as gas. Evaporation of water from an animal has a significant 

cooling effect on the animal's surface.  
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Ectotherms derive body heat mainly from their surroundings and 
endotherms derive it mainly from metabolism 

An ectotherm warms it s body mainly by absorbing heat from its 

surroundings. Most invertebrates, fishes, amphibians, and reptiles are 

ectotherms. In contrast, an endotherm derives most or all of its body heat 

from its own metabolism. Mammals, birds some fishes, and numerous insects 

are endotherms. Many endothermsmaintain a consistent internal temperature 

even as the temperature of their surroundings fluctuates (Fig. 40.15) P899. 

Also, the term cold-blooded and warm-blooded are misleading. Many 

lizards, which are ectotherms, have higher body temperatures when active 

than mammals. So, the terms ectotherm and endotherm are not based on 

body temperature but rather on the main source of body heat. 

Thermoregulation involves physiological and behavioral adjustments 

Both ectothermic and endothermic organisms thermoregulate using some 

combination of up to four general categories of adaptations. 

1. Adjusting the rate of heat exchange between the organism and its 

surroundings. Body insulation, such as hair, feathers, and fat located 

just beneath the skin, reduce an organism's heat loss. Other 

mechanisms that regulate heat exchange usually involve adaptations of 

the circulatory system. Example many endotherms and some 

ectotherms can alter the amount of blood flowing to their skin 

(vasodilation and vasoconstriction). 

Another type of adaptation that alters heat exchange is a special 

arrangement of arteries and veins called a countercurrent heat 
exchanger (fig. 40.16)P 900. 
2. Cooling by evaporative heat loss. Terrestrial endotherms and 

ecotherms lose water in breathing and across their skin. If the humidity 
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of the air is low enough, the water will evaporate and the organism will 

lose heat by evaporative cooling. Evaporation from the respiratory 

system can be increased by panting. Evaporative cooling via the skin 

can be increased by such means as sweating in mammals. 

3. Behavioral responses. Many organisms can increase or decrease 

body heat loss by relocating. They will bask in the sun or on warm rocks 

in water; fine cool, damp areas or burrow in summer; or even migrate to 

a more suitable climate (Fig. 40.17.) P901. 
4. Changing the rate of metabolic heat production. This is applied to 

endotherms, particularly mammals and birds. Many species of 

mammals and birds can double or triple their metabolic heat production 

when exposed to cold. 

Feedback Mechanisms in thermoregulation 

The regulation of body temperature in humans is an example of a complex 

homeostatic system facilitated by feedback mechanisms. Nerve cells that 

control thermoregulation, are concentrated in the hypothalamus. The 

hypothalamus serves as a thermostat, responding to changes in body 

temperature above and below a set point by activating mechanisms that 

promote heat loss or gain (Fig. 40.21) P905. 

Nerve cells that sense body temperatures are located in the skin, the 

hypothalamus itself, and some other parts of the nervous system. Some of 

these are warm receptors that signal the thermostat in the hypothalamus 

when the temperature of the skin or blood increases. Others are cold 

receptors that signal the thermostat when the temperature decreases.  

 Responding to body temperature below the normal range, the thermostat 

inhibits heat-loss mechanisms and activates heat-saving ones such as the 

vasoconstriction of superficial vessels and the erection of fur, while 

stimulating heat-generating mechanisms (shivering and nonshivering 

thermogensesis). In response to elevated body temperature, the 

thermostat shuts down heat-saving mechanisms and promotes body 

cooling by vasodilation, sweating, or panting. 
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Torpoer: Conseving energy during environmental extremes 
Torpor is an alternative physiological state in which metabolism decreases 

and the heart and respiratory system slow down. Many endotherms enter a 

state of torpor in which their body temperature declines.  

Hibernation is long-term torpor during which the body temperature is 

lowered as an adaptation to winter cold and food scaricity. 

Aestivation, or summer torpor, is characterized by slow metabolism and 

inactivity. It enables an animal to survive long periods of high temperatures 

and scarce water supplies. 

Many small mammals and birds exhibit a daily period of torpor that seems 

to be adapted to their feeding patterns. Example, most bats and shrews 

feed at night and go into torpor when they are inactive during daylight hours.   
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