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Why animals sleep is an outstanding open question. Information about the toxic byproducts of 

aerobic cellular respiration along with the analysis of patterns in animal size, sleep needs, dietary-

type, metabolism, number of heart beats, transportation-network design, and transportation 

energetics/dynamics suggest that the function of sleep is to maximize the time an animal has to 

perform its life functions given the finite and constant number of lifetime heart beats it has. Sleep 

slows down metabolism, and the heart rate, thereby decreasing the load of toxic reactive oxygen 

species in the cell and extending the cell’s lifetime/proper-functioning. I argue that this is used to 

maximize the time an animal spends in its ‘effective environment’, which is defined as the period 

in the light cycle (day or night) where the essential life-functions of that animal (like finding 

resources, finding sex, hunting) are better achieved. Larger, slow-metabolizing animals need less 

sleep because their large-bodily-networks and slow metabolisms keep their heart rates relatively 

low, resulting in a lower rate of oxidative damage, and more relative time in the ‘effective 

environment’ to get their essential life-functions accomplished. 
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The Patterns of Sleep 

 

The importance of sleep has been known for some time. Inefficient or poor sleep has been linked 

to a myriad of diseases and health issues including decreased life-span, increased morbidity, heart 

disease, obesity, cancer, endocrine disease, mental health issues, and Alzheimer's diseases (1-6). 

It is clear that sleep is important for the proper functioning of many biological and physiological 

systems and many different animals require sleep.  But why sleep is important is not clear. Why 

do animals sleep? Why would evolution allow for, or even demand, that an animal make itself 

completely vulnerable: lie down, close its eyes, lose consciousness, and submit completely to the 

elements? Why do animals need to sleep and why do some need so much less or more sleep than 

others?  
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Studies of sleep requirements of different kinds of animals have shown some interesting patterns. 

Studies and observations show distinct size vs. sleep time patterns depending on the dietary needs 

of the animal (reviewed in 7). When animals are categorized as carnivores, omnivores, or 

herbivores there is an overall general pattern where sleep is inversely correlated with body mass: 

the larger the animal’s body, the less sleep that animal needs. This effect is greatest amongst the 

herbivores and smallest within the carnivores.  Carnivores also have the highest basal metabolic 

rates and the highest sleep requirements, all else being equal (8). An explanation for this 

observation is that the kinds of muscles fibers that carnivores have are designed for endurance and 

require higher oxygen consumption (8).  Unlike the mild size effects seen with carnivores,  

herbivores’ need for sleep drops off steeply the larger they get. But the general trend across all 

categories is that size tracks inversely with sleep needs. 

 

 

 

 

 

The Good and Bad of the O2 Molecule 

 

During aerobic cellular respiration, the body uses the energy stored in the oxygen molecule (O2) 

to make ATP and waste products. The weak -bonding of the O2 molecule gives it a very high-

energy value of combustion (9,10), making it a good molecule to exploit for free energy capture 

and utilization, and almost all animals use the O2 molecule during aerobic respiration. During 

cellular respiration, the energy transferred from the O2 molecule to ATP is used to power the 

formation, repair, and growth of bodies and life processes.  

 

The vital and life sustaining energy-rich-molecules that aerobic respiration provides via the 

combustion of the O2 molecule come with a great price- highly reactive and destructive oxygen 

species byproducts. The reactive oxygen species (ROS) of O2 respiration include free radicals like 

•O−
2 (superoxide radical) and •OH (hydroxyl radical); and also, molecules like H2 O2 (22) Figure 

1. 

 

 
 
 

 

 

 

 
 

 

 

 

 

O2 + e− → •O−
2  

 
2 H+ + •O−

2 + •O−
2 → H2O2 + O2 

 
H2O2 + e− → HO− + •OH 

 
 

Figure 1: Aerobic cellular respiration utilizes the energy 

rich O2     molecule which produces toxic, reactive 

oxygen species (ROS).  The reduction of molecular 

oxygen (O2) produces superoxide, •O−
2, and that can 

produce hydrogen peroxide, H2O2, which may in turn 

form the reactive hydroxide ion and hydroxyl radical 
•OH (22). Many of these reactive species can wreak 

havoc on DNA, lipids, proteins, and systems. 
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Even with proper housekeeping systems in place, the body struggles to clear itself of these costly 

byproducts and ROS produced by cellular respiration have been implicated in the destruction of 

macromolecules and signaling pathways. Studies show that reactive oxygen species cause DNA 

base damage and breaks (11) and lipid and protein damage (12,13,14). Reactive oxygen species 

have also been shown to interfere with cellar pathways and signaling (15). The cell’s ability to 

reliably undergo its cellular functions and undergo accurate cell division depend on the integrity 

of the DNA instructions within the cell and macromolecular machinery running the processes. 

Oxidative stress, over time, can degrade the information and machinery that a cell needs to function, 

resulting in cell death and/or cell-malfunctioning.  

 

 

 

 

 

Allometric Laws and Efficient Transportation Design 

 

 

Studies show that in general larger animals live longer than smaller animals by a scaling factor of 

approximately 25% (16,17). Though larger animals live longer than smaller ones, the total number 

of heart beats across mammals is a constant-average-number of almost 1 billion (18).  

The way that an animal attribute is related to its mass can be presented by the scaling equation, 

equation 1: 

 

 

 

                                                                    
 

 

 

Where Y = variable (like network tube dimension, metabolic rate, etc.); M is the mass of the 

organism; Y    = constant; and b = the scaling exponent. Empirical observations show that many 

aspects of the mammalian system scale with a ¼ or ¾ scaling exponent (19). Some of these 

attributes include the network’s tube dimensions, metabolic rates, circulation times, circulation 

distances, O2 consumption rates, respiratory frequency, and number of capillaries. 

The restraints imposed by physics and biology, and the minimization of energy and the 

maximization of service area, shape and design the transportation networks that organisms use to 

deliver supplies (like O2) throughout their bodies (19). The observed quarter-power scaling laws 

seen in many biological systems has been proposed to be a consequence of network-design-

optimization where optimal supply of goods within the volume is maximized by branching-

networks of surface-area-enhancing-tubes utilizing the fractal dimension (19-21). This model 

assumes that the final branches (capillaries for the cardiovascular system) are uniform across 

animals (which is supported by observation), and that the system is optimized toward efficient 

transportation and routing. Figure 2 shows the structure of the space-filling fractal design that 

many biological distribution networks follow.  

 

Y = Y 0M b (1) 
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Sleep Increase Time in the Light (or the dark). 

 

 

 

Animals have a lifetime constant-average-number of approximately 1 billion heart beats. Each of 

those heart beats brings to each of the animal’s cells highly combustible O2 molecules that not 

only bring riches of energy but also destructive toxic waste. With each circulation, the O2 molecule 

is transported through optimized fractal-like networks to the cells of the body where it helps create 

important molecules needed to build and sustain bodies. The rate of delivery of the O2 molecule 

depends on the size of the animal and its metabolism. Larger animals have a larger effective 

volume to service and their heart rates are slower than their smaller animal counterparts. Animals 

with greater oxygen needs like carnivores, have higher basal resting metabolisms and their heart 

rates tend to be greater than their herbivore animal counterparts. Studies show that in general larger 

animals live longer than smaller animals by a scaling factor of approximately 25% (16,17). 

 

Figure 2: Many biological 

distribution networks (like the 

cardiovascular system or tree-

branching) have a tube-like space-

filling fractal design that minimizes 

energy of distribution and maximizes 

the service area. The drawing on the 

left shows branching groups k0-k4. 

The area preserving, fractal, space-

filled, energy-minimization model 

explains the observed ¾ power 

exponents (19,20) often observed in 

biological scaling. 
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These data put together suggest that the function of sleep is to maximize the time an animal has to 

perform its life functions given the finite and constant number of lifetime heart beats that every 

animal has. Sleep slows down metabolism, and the heart rate, thereby decreasing the load of toxic 

reactive oxygen species in the cell and extending the cell’s lifetime and proper-functioning. This 

is used to maximize the time an animal spends in its ‘effective environment’, which is defined as 

the period in the light cycle (day or night) where the essential life-functions of that animal are 

better achieved. For example, most animals would benefit from sunlight in the search for food and 

sex partners, so their effective environment would be the daytime.  For these kinds of animals, the 

light provided by the sun allows them to better achieve life-sustaining goals and avoid life 

terminating obstacles. Daylight enhances the animal’s ability to locate predators and prey and find 

and examine food sources and sexual partners.  Without light, for many animals, these endeavors 

would prove futile and/or dangerous.  

 

In Figure 3, I describe a hypothetical situation that shows the effect that sleep has on this model.  

In this example, Species A, B, and C represent three kinds of species that all require at least 100 

days in their effective environments to accomplish their necessary bodily functions to live and 

reproduce. Species A is small and slow metabolizing; Species B is larger, but carnivorous and 

faster metabolizing; and Species C is the same size as Species B, but an herbivore so it metabolizes 

slower.  All three species have an average constant heart beat number of 1 billion or 10X10^8.  

 

As shown in the top half of Figure 3, all three of the species exhaust their maximum number of 

heart beats before they can accomplish the necessary life processes that can get their genes into 

the next generation. In the bottom half, I show what happens to the days in their effective 

environments if the animals are allowed to spends half their time sleeping, where their heart rate 

is decreased by half. If Species A spends half (40days) of its lifetime (80days) in a state where the 

heart rate is cut by half, then it has an extra 2.5 X10^8 heart beats to add to its life, which calculates 

to 20 additional days in the effective environment – just making it to the 100 days needed for that 

species to exist. The large and slow metabolizing Species C, is the same size as Species B, but has 

a slower heart rate and begins with more time in the effective environment. Applying the same 

sleep rules to Species C gives it an additional 12.5 days passed the necessary 100 for existence 

(lower half Figure 3.)    
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Figure 3: Species A, B, and C represent three kinds of species that all require at least 100 days in their effective 

environments to exist. Species A is small and slow metabolizing; Species B is larger, but carnivorous and faster 

metabolizing; and Species C is the same size as Species B, but an herbivore so it metabolizes slower.  All three 

species have an average constant heart beat number of 1 billion or 10X10^8. Top half shows that all three of the 

species exhaust their maximum number of heart beats before they can accomplish the necessary life processes 

that can get their genes into the next generation. In the bottom half the animals are allowed to spends half their 

time sleeping, where their heart rate is decreased by half. If Species A spends half (40days) of its lifetime (80days) 

in a state where the heart rate is cut by half, then it has an extra 2.5 X10^8 heart beats to add to its life, which 

calculates to 20 additional days in the effective environment –making it to the 100 days needed for that species to 

exist. The larger and slower metabolizing Species C, is the same size as Species B, but has a slower heart rate and 

begins with more time in the effective environment, so the same sleep rules give Species C an additional 12.5 

days passed the necessary 100 for existence. 
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Why animals sleep is an outstanding open question. In an effort to understand why we sleep, here 

I have presented information about the myriad of patterns observed in biological systems and 

developed a model that incorporates the toxicity of the essential energy producing pathway of 

aerobic cellular respiration with the observed patterns and facts about animals and biological 

networks.  Sleep patterns, dietary-types, metabolism rates, number of heart beats, transportation-

network design, and transportation energetics/dynamics were incorporated and suggest that the 

function of sleep is to maximize the time an animal has to perform its life functions given the finite 

and constant number of lifetime heart beats it has. Sleep slows down the heart rate, slows down 

accrued damage, and slows down the inexorable march to the Constant Number of heart beats. 
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