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Anima] Behavior and Ecology 

-Some Implications for Planning\he Human Scene 

John B. Calhoun 

National Institute of Mental Health 

,.Abstract 

Territoriality and the attachment to a fixed range about a 

homesite; optimum group size; and the accommodation to altered 

conditions -- these three -- form a constellation of concepts and 

processes from which profit may be gained in planning the future 

scenes by examining how they function among other mammals than man. 

These processes will be examined as they relate to increasing popu

lation and the historical trend of "revolution" in the human lineage 

and culture. The discussion will close with remarks on the relation

ship between the worldwide network of urban centers and the preservation 

of natural communities of animals and plants. 
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As I understand it, the purpose of your gathering together as 

the Philadelphia Committee on City Policy is to search for ideas that 

may guide the development of a better environment for man. On the 

other hand, as a student of animal behavior and ecology, I am interested 

in discovering principles of how social behavior of lower mammals is 

affected by the circumstances under which the animals live. Principles 

do emerge as we study mice and monkeys or seals and shrews. Those of 

us who are involved in these studies recognize that man, though an 

animal also, functions at many more complex levels than do these 

simpler forms we spend our lives observing . So the question natu-

rally arises: What relevance do these studies have for man? My 

objective today will be to give you a partial answer to this question. 

This answer is brought into focus by some events which transpired 

last week. You will have to consider these events as strictly hearsay, 

since one cannot vouchsafe as to the correctness of information acquired 

from informal "grapevine" channels . At any rate the story goes some

thing like this: An ad hoc committee had responsibility for preparing 

recommendations to revise a building code. Their final point of 

decision concerned the number of square feet per person in the dwelling 
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unit. Heating, lighting, construction and comparable considerations 

indicated the possibility of "miniturization", the reduction of 

living space per person, below that of the existing code. Then there 

arose questions about the sociologicai and psychological aspects of 

varying the amount of living space . Unfortunately sound information 

on how the amount of living space affects man is still largely lacking. 

Some recent studies in France provided the best insights. These did 

indicate that reduced living space produced a deterioration of the 

relations among the contained members of a dwelling unit . However, 

the connnittee did not deem such evidence sufficient to alter their 

preliminary decision toward recommending a reduction in the minimum 

acceptable amount of living space per dwelling. At this point some 

of my research on rats was introduced into the discussion. Shortly 

thereafter the committee reversed the trend of its developing position 

and actually recommended an increase in living space over that in the 

existing code. 

I need not emphasize to this audience the importance of building 

codes, zoning decisions and the like in molding the physical aspects 

of the human environment. Our concern here is rather to seek an 

understanding of how it may have happened that these studies of mine 

on rats contributed to the decision making process of the ad hoc 

committee. All I can do is to present to you the type of information 

about my studies that was available to the committee, and leave to your 

judgement whether this might have i nfluenced you had you a comparable 
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responsibility. 

I have come to the conclusion that many species of mammals, 

including both the Norway rat and man, have passed through an 

evolutionary history which bas endowed them with an heredity making 

their social way of life most effective for individual welfare, as 

well as for survival of the group, when it transpires within the 

context of a group which on the average consists of twelve adults. 

So here we have two species, man and rat, who share much in common. 

In addition to many similarities in their physiology, they share this 

social need of conducting their life as members of small intimate 

groups. 

The next step of investigation involved placing groups of rats 

in a standard sized area in which a cooperative task was demanded of 

them. The task involved a situation in which there were two levers, 

side by side. If a lever was unlocked, a press on it would deliver 

a drop of water. The condition imposed demanded that, for the levers 

to be unlocked, two rats had to be side by side, one facing each lever. 

Rats learn the demands of the situation very readily; when one rat 

became thirsty and went over and stood in front of a lever, one of 

his companions would recognize his predicament and rush over to stand 

beside him in front of the opposite lever. As the group size began 

to exceed the optimum of 12, a peculiar phenomenon developed: When 

one rat went to drink, not just one rat came over to join him, but 

several did so. They crowded in about both levers to the point that 
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not even the first two rats in front of the levers could work them 

adequately and obtain water. After awhile the entire group would 

leave the vicinity of the levers, engage in some other activity, or 

go to sleep. Then after the elapse of some time with no rats present 

at the levers, the rush to them began anew. Few rats obtained enough 

water and so most lost weight. I have called such a process a 

"behavioral sink". Maternal behavior began to break down, and as 

the group size increased, fewer and fewer of the young were reared. 

In this situation one cannot determine the extent to which this 

disruption of maternal behavior was a consequence of not getting 

enough water, or whether it was due to crowding or to the behavioral 

sink phenomenon. 

The next step involved placing rats in a fairly complex 

environment where there was always an excess of food and water, and 

these resources were always easy for the rats to obtain even when a 

behavioral sink phenomenon developed. However, the places of retreat, 

the artificial apartment houses provided the rats, were on1y 1n 

sufficient supply to provide the minimum needs of four optimum sized 

groups. Actually the environment consisted of four cells or compartments, 

in a row with a passageway between adjoining cells. Each cell was thus 

designed to accommodate an optimum sized group. Then I allowed the 

population to increase until in the total environment, this closed 

univer se, ther e was slightly more than twi ce as many adult rats as the 

..,. 
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space was designed to accommodate. 

Even in an optimum sized group every individual is sometimes 

rebuffed in its relations with its associates. Every such rebuff 

frustrates the rat, and the more a rat is frustrated. the more deviant 

becomes its behavior and the more it withdraws. It withdraws physically 

by spending more time in hiding out of contact with associates. It 

also withdraws psychologically and behaviorally -- it blocks from its 

awareness the presence of its associates, so that even when it passes 

near a dominant associate it appears not to see it, and thus presumably 

therefore does not become anxious under these circumstances. It 

withdraws behaviorally by adopting such bland and meaningless postures 

and movements that no longer does it elicit responses :from associates. 

This whole process of withdrawal became much accentuated at the 

population density of 2 to 3 times the optimum. Thus the average 

individual showed much more withdrawal than did his counterpart at 

a more nearly optimum density. In actual practice I measured the 

degree of withdrawal simply by counting the number of times each 

1nd1v1duai entered the center of the floor in each of the four 

compartments, for it was here that social interactions more frequently 

occurred. At the end of a series of such counts over a several~month 

period it is possible to rank all the rats from the one which entered 

the center of the field most frequently down to the one which was most 

withdrawn, that is it entered the field least frequently. This measure 

of entering the social field, I have called "velocity". So a high 

velocity rat is one which enters the field frequently and a low velocity 
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one is one which exhibits many symptoms of withdrawal. As a rat's 

velocity becomes reduced its behavior becomes more and more aberrant. 

On the female side capabilities for nest building and care of young 

become impared until the most withdrawn female is totally incapable 

of any maternal behavior. On the male side the most apparent change 

is in the area of sexual behavior. As velocity becomes less the ability 

to recognize appropriate sexual partners becomes impaired until at the 

extreme stage of withdrawal other rats are not even recognized as 

possible sexual partners. 

There is a limit to the amount a rat can withdraw; -when its 

velocity is too low it does not get out into the environment often 

enough to obtain that amount of food and water necessary to sustain 

its life. This rarely happens; instead withdrawal stops at this 

critical level. This lower level of withdrawal can be thought of 

as a social freezing point. At the other extreme, always exhibited 

by at least one individual in an optimum sized group, there is an 

upper limit to velocity which if exceeded leads to a depletion of 

psychological and physiological reserves. This level of velocity 

can be considered as a social boiling point. We now have the basis 

for a social thermometer; the social temperature of any individual 

becomes its velocity relative to a 100 point scale between the mininrwn 

velocity at the social freezing point and the maximum velocity at the 

social boiling point. wbenever the group exceeds the optimum, even 

the highest velocity individual will have a social temperature below 

the boiling point, and as the group size increases the social 
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temperature of all indivi-duals will more and more approach the 

freeaing point. For all practical purposes every member of the group 

will be at ihe social freezing point when the group size has increased 

to the square of the optimum. For rats and man this is 144. 1t is 

a good thing that social convention prevents this audience from free 

social intercourse or otherwise, since the nurnber here obviously 

exceeds 1Lh, ~e would have a social iceberg in which none of you 

are aware of rrry being present before you - - or at least I hope that 

this is not the case and that my remarks are not without effect. 

-So far I have spoken about consequences of changing group size 

without being · very specific about space. The mathematical theory 

relating to social temperature, which was derived from these empirical 

studies on rats, does take space into consideration. In the first place, 

I would like to emphasize that it is not group siz•e per~ which is 

important, but rat..~er the numb~r of interactions per individual per 

unit of time. Th.e space factor comes in by way of increasing the 

probability of two individuals contacting each other as the space 

becomes reduced. So when we sa:y that, for either rats or men, 12 

individuals comprise an optimum sized group, it means simply that in 

the natural state for rats or in the early cultural times for man 

the group of 12, which arose for other reasons, inhabited a space which 

produced the correct number of interaction each day on the average. 

In either case, for either species, we can have a smaller space, say 

5/12 of ihe optimum space, which is then compatible for the smaller 
-S 

group of ~ individuals. 
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With this orientation it is obvious that there must be some 

space that would be optimum for a group of five individuals. Now, 

if we knew what this optimum space actually was, we could cut it in 

half. This would be tantamount to increasing the frequency of 

interactions among the five individuals to the point that would be 

reached if there had been ten individuals in that space optimum for 

only five. The equations which I devel-oped for social. temperature 

for rats lead to the following specific conclusion: For every 10% 

decrease in living space available to the group there is a 10% 

decrease in the social temperature of the average individual. This 

sounds like a simple-minded deduction that would be apparent to anyone. 

But, qqite frankly, I was surprised to see this one to one relationship 

between space and social temperature emerging two weeks agv when I 

reexamined the equation to see if it might, on a theoretical basis, 

throw some light on this question af living spaceo 

This account of my research, that I have just recounted to you, 

encompasses all of the information about my studies that became 

available to the ~~committee on housing code revision. Whether 

this way of looking at the problem really did have an impact on the 

actual decision affecting the minimum living space acceptable for 

man, I do not know for sure. All that can ge said for sure is that 

this line of reasoning suggests that some very undesirable consequences 
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may follow if one errs in the direction of reducing living space too much. 

In essence man is now finding himself boxed in by time and change. 

He must make decisions on the basis of partial evidence. We have to 

ma~e such decisions as the lower limits of living space to be tolerated# · 

and this long before reaJly adequate information pertaining directly 

• to humans is a\railable. Under these circumstances we have to grasp 

for any avenue of insight that will help us in making the best decision. 

Studies on animals merely represents one such avenue. 

I wish now to turn to two brief ways of illustrating wey it is 

that man has now entered a unique era in history in which he must seek 

even more avidly any avenue of insight that will assist him in his 

decision making process. 

You are all aware of the increasing human population, here locaD.y, 

within the Uni.tea States, or involving the whole world~ What is not so 

apparent is that the process of cbange is, in one way# no different 

from what it was a thousand or ten thousand years ago. von Foerster 

and his colleagues at the University of Illinois have developed an 

equation which enables a very simple statement of the situation. l-Jhat 

they did was to take the best es~imates of the world population over 

the past 2,000 years, and examined them to see if there might be some 

continuous process characterizing the tremendous irx::rease in population 

crver this entire span of time. 'What they found may be summed up by 

saying that each doubling of the world population requires only half 

the time required for the previous doubling. From what we know of' 

the earlier historical development of man and from the archeological 

and paleontological record, this sa~e process has continued to the 

present throughout the entire two million year history of nan. 
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Before the dawn of history these doublings of the population took 

literally thousands of years, but it has been shortening until we 

may expect another doubling in the ne..xt thirty-five years. Unless 

this pTocess, which has been going on essentially unaltered for 

the past two million years, is altered within the next few years 

we can anticipate another doubling within the first twenty years 

after the turn of the century and ~other doubling will talce place 
f., ii ~w • hoj t/v,J. 

within less than ten year(- For all practical purposes there will 

arise instantaneous doublings -;/Jt/4..lt/ by the end of another century. 

Even with a rapid development of consensus about family planning wit.~in 

the United States we will likely not be able to keep the U. S. population 
0 00 

from reaching 750,00Cf)within a century. I will leave to you the proble.m 

of visualizing a Philadelphia with four times its present number within 

its present boundary. 

The second illustration involves biological and cultural 

evolution of man. Historians and evolutionists have established 

seven major revolutions ever man's two million year i'ong hi.story• 

The first three are represented by the establishment of the first 

three species of the genus ~: Homo habilis the dawn man of East 

Africa, Homo erectus - - our more than half- brained progenitor, and 

finally~ sapiens - - ourselves. Then there successively came 

settled agriculture, the period of formation of the major religious 

philosophies, t he scientific r evolution, until now we find ourselves 

i.:.1 the midst of -li1e sevent~ revolution, tha electronic-ccmnrnnication 
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revolution. The interesting thing about the time sequence of these 

revolutions is that the interval between any two is only one fifth 

as long as the interval between the first of these and the one prior 

to it. Judging by present trends the electronics-communication 

revol~tion will be well established by 1975. If this two million 

year process continues we can expect an 8th revolution of comparable 

magnitude within less than 70 years f:rom now., a 9th fevolution within 

another 12 years from that time, and a 10th revolution in another 

two years from the establisheJ111ent of the 9th revolution. That is 

to say: by the end of a century we can expect a magnieude of change 

affectL'lg man -vnthin a two-year span comparable to that which has 

taken place f:rom the establishment of ihe scientific revolution about 

1650 up to the present. 

Obviously, these two processes of change cannot continue through 

the next cent:µry as they have for the past two million years. Something 

has to give way. Two things are unique about the present and near 

future: First changes are ta'dng place so fast that we can see and .feel 

the change taking place. It took 6o to 125 years in Biblical times 

for the same amount of change as now takes place each year in our 

life. Second, for the first time in two million years man must make 

a conscious effort to stop these two process, and hopefully to establish 

some other processes in their place. At the very minimum two kinds of 

feople must communicate more effectively with each other. They are the 

decision makers, such as yourselves, and the idea generatoFs, in whose 

ranks I perhaps r;i.ay be :included. 
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In closing I wish to remark briefly on the anticipated course 

of my future research ar.d the i.inplications it may have for the further 

evolution of man. Other tha...~ for completely oblibiating himself as 

a species there are only four possibilities open to man. First, he 

can guide his population level back tcward the present level after 

first stopping the growth at somewhere near 12 billion. As a part 

of this strategy he will become conservative and will crystp].ize his 

culture arid technology at about the level it will attain by-the em 

of this century. Presumably this fi..--cation of being and becoming 

could last for millions of years. I am much ena.,:iored with Royce's 

tenn, encapsulated man, for those who wea-re a web of constancy about 

their lives, for such men remind be of the lung fish in Laite Hanyara 

in Tan~ania. There these ancient fish contj_~ue to persist despite a 
,when the waters dry up, 

strenuous environment. When times get difficult/they form a cocoon 

of mud and sleep until the rains come again to fill the lake. 

Second, man can become like moles, or more appropriately like 

the gophers of our western states. Gopherx are a kind of rodent 

in which each individual builds its own underground tu..,nel where it 

spends nost of its life 

in its dark underground 

in isolation from others of its kinds. 
t/2 ~ 

There 

cell sheltered from varying world above it 
I\ 

seeks a subsistence frcm roots and rhizomes. Social intercourse is 

primarily limited to a rare brief flurry of copulation and the very 

short time to weaning that the young are permitted to remain with tha 

mother. Han could readily reduce himself to such a st2.te and by so 

doi..11.g could readily pBrmit far more than t welve billion to exist at 

any one time. 
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Third,man could follow the example of the caribou and some 

fonns of seals who can tolerate the social massing of huge herds 

or localized aggregations. Such species appear to have evolved 

an heredity mechanism which permits them to screen out of their 

awareness the proximity of their many associates. 

Fourt..1., and I must admit a bias toward this direction., man 

can evclve cultnral an:l genetic processes which will pem.it hjJu to 

function less antagonistically at a higher level of self-awal'ness 

while at the same time hav.ing a capacity to cope with much _greater 

deg:rees of complexity, possibly assisted by more effedtive coupling 

with computers. This strategy too will likely demand the control 

of the population at not too much more than four times its present 

nu.rnbers.,- and will entail the union of all manki.."ld into a single 

organic brain., the no8sphere envisioned by Teilhard de Chardin. 

The last three of these avenues require drastic genetic change. 

Man is sufficiently genetically variable that he could move fairly 

far in any o.f these tln-ee directions by simply shifti.'rlg the frequency 

and combination of the genes in the presently available pool. 

Furthermore, it is quite possible, if not probable, that the way 

we structure our physical and social environment over the next two 

or three generations will irrevocably set us along one of these 

avenues of evolution, whether or not we exercise any conscious 

choice in the matter of our destiny. If we make a choice, it must 

be before we have full proof of what will happen, for by the time 

we can take an historical reconnaissance it will be too late to 



I 

page lh 

to alter our course. 

We must make a best guess and than e:x-ploit our ingenuity and 

humanentlss to the hilt. Apart .f:rom computer simulation studies 

there is only one avenue of research which will permit us to ga;n 

a toe-hold into the future for a glim.pscat these possible other 

worlds. This is to take some other mammal, with a shorter life-spa~ 

than man a..'ld attempt to explore the character of genetic and cultural 

changes that are required to proceed along each of these latter three 

avenues of evolution. In any case a major component of the change 

wiµ be genetic. And it so happens that there are only two species 

of mammals, the Norway rat and the dog, which at the same time share 

many basic social attributes with man and have a large pool of genetic 

variability sufficie~t to permit natural selection to make rapid 

changes in genetic constitution. Of these two it is economically 

feasible only to work wit.11 the rat, since any of the three studies 

regarding the latter three avenues of change will require a standing 

population of at least a thousanri adults a,."1d continue for ~t least 

ten generations. 

I propose to embark cautiously on such studies with the rat in 

the near future. All that I can sa:y is that I believe that I know 

enough about this species, and the properties of the physical and 

social environment which affects its members that I can design 

universes within which natural selection will culminate in a marked 

change to.,ard types resembling those mentioned above. 

In the 11th of March issue of cciena:-e its editor, Dael Wolfie, 
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remarked that adequate financial support of the social sciences would 

not li.'l(ely be forthcoming until we too had our 11sputnik11
• Well we 

do have our sputnik. The only trouble is we have failed to see it 

because we are on it. 1t is hurtling on a co]-l-ision course with 

desticy, and we will soon be on target. There is no time to quibble 

-about adeq uate support. \,;e have to get out our bailing wire, nuts 

and bolts and make do. 

Talk presented before 
the Philadelphia 
Committee on City Policy 
March 15, 1966 
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