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Human Population Growth and the Carrying Capacity Concept 

INTRODUCTION 
The concept of carrying capacity 

has a rich history in ecology for the 
study of plant and animal popula­
tions. It is puzzling that so few ecolo­
gists have devoted their professional 
attention to the problem of human 
carrying capacity. In this paper, we 
briefly review the history of the car­
rying capacity concept as it has been 
used in ecology, and then tum our at­
tention to the application of the car­
rying capacity concept to human 
populations. After reviewing the 
techniques and assumptions used by 
demographers to project future hu­
man population sizes, we discuss 
some critical factors that might be in­
volved in the regulation of human 
population size. V'/e maintain that 
the concept of carrying capacity as 
developed and used by ecologists is 
directly relevant to the realistic 
evaluation of the future size and im­
pact of human populations. We con­
elude by challenging the Ecological 
Society of America to amend the 
Sustainable Biosphere Initiative to 
include specific research objectives 
dealing with human population 
growth and human carrying capacity. 

Definition ofcarrying capacity 
Hadwen and Palmer (1922) ap­

pear to have first introduced the term 
carrying capacity into the scientific 
literature. In writing about the man­
agement of introduced reindeer 
(Rangijer tarandus) populations in 
Alaska, they define carrying capacity 
as the number of stock which a range 
can support without injury to the 
range. Without reference to Hadwen 
and Palmer, Aldo Leopold reintro­
duced the term in his famous 1933 
book, Game Management. Leopold 

able environments, tends to be 
uniform over a wide area, th·at 
maximum may be called the satu­
ration point of the species. This is 
a different thing from the maxi­
mum density which a particular 
but less perfect range is capable 
of supporting. While the latter 
limit is literally saturation for 
that particular range, it is obvi­
ously a variable limit as between. 
several ranges, and to avoid con­
fusion, may better be called car­
rying capacity. (Leopold 1933: 
50-51). 

Leopold illustrates the distinction 
between saturation level and carrying 
capacity with reference to Bobwhite 
Quail (Colinus virginianusy. Leopold 
pointed out that despite management 
efforts to increase Bobwhite dens i-
ties, the species has a saturation den­
sity of approximately one bird per 
acre (0.4 hal. He reasoned that an 
"internal force," such as intraspecific 
interactions among the quail, "sets 
an upper limit beyond which wild 
populations do not increase." In 
Leopold's terminology, the satura­
tion density is a species-specific 
characteristic that does not vary from 
place to place. The carrying capacity, 
on the other hand, is a characteristic 
of the habitat. 

Although Leopold's distinction 
between saturation level and carrying 
capacity has been ignored by many 
subsequent authors, it remains a use­
ful concept in animal studies. For ex­
ample, Fig. I shows the relationship 
between Chipping Sparrow density 
and grass seed production in several 
habitats and years in southeastern 
Arizona. Since the metabolic 
requirements of this bird species 

wrote: -------- - ------nave oeen measured, oiie can estl­
mate the carrying capacity in nnits of 

When the maximum wild density the bird-winters of food available 
of grown individuals attained by (Pulliam and Parker 1979, Pulliam 
a species, even in the most favor- and Dunning 1987). Note that when 

seed production is less than about 10 
kg/ha, the sparrow densities are very 
close to the independently calculated 
carrying capacity. These data suggest 
that when seed production is low, the 
sparrows consume virtually all of the 
seeds produced and reach their maxi­
mum. possible densities. In years of 
high seed production, sparrow densi­
ties appear to reach what Leopold 
would refer to as a "saturation den­
sity," at which sparrow numbers are 
far less than the carrying capacity 
measured in bird-winters of food 
available. This interpretation is fur­
ther supported by independent data 
showing that, in years of low seed 
production, most of the grass seeds 
produced disappear from the soil 
during the winter months, but that in 
years of high seed production a much 
greater fraction of the seeds survive 
until the summer months when they 
germinate (Pulliam 1986). 

Since Leopold defined carrying 
capacity, the term has been used in a 
variety of different ways in the eco­
logical literature. In a very useful, al­
though critical, review of the carry­
ing capacity concept, Dhondt (1988) 
produced an interesting table on the 
use of the carrying capacity concept 
in ecology textbooks, which we re­
produce here as Table 1. Only a year 
after the publication of Leopold's 
book, Errington (1934) used the term 
carrying capacity, like Leopold, in 
reference to Bobwhite Quail popula­
tions. Errington likened carrying ca­
pacity to a "threshold of security" 
which is reached when all available 
cover is saturated and mortality in­
creases rapidly because "surplus ani­
mals" become especially vulnerable 
to predation. 

As was pointed out by Dhondt, 
-------most textbooks publisneapno~ to 

1955 used carrying capacity as did 
either Leopold or Errington. But fol­
lowing the publication of Odum's 
classic textbook Fundamentals of 
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rently available technologies. It is 
possible to estimate human carrying 
capacity in terms of the upper limit of 
food production, much as we esti­
mated the carrying capacity of spar­
rows from their available food sup­
ply. Many such estimates have been 
made by calculating the land area 
needed to feed an individual in one 
year at various dietary levels 
(Buringh 1989, Pimentel 1989, 
Bongaarts 1994). By dividing this 
area into the total assumed area of 
arable land, an estimate of global hu­
man carrying capacity can be made. 
While such estimates often conclude 
that the world could feed 10-12 bil­
lion people, they do so by ignoring 
the issue of sustainability. These 
studies usually overestimate the agri­
cultural potential of arable land that 
is not currently cultivated, while 
underestimating the biological ef­
fects of increasing arable land and 
the long-term effects of intensive 
mining of soil nutrients on agricul­
tural productivity (Ehrlich et a1. 
1993). Also ignored are the political 
and social forces that skew the distri­
bution of food. For example, India, a 
net exporter of food, has a national 
policy that favors the production of 
cash crops while a large fraction of 
its population suffers from malnutri­
tion. A global analysis of food pro­
duction is only realistic when food 
distribution is fair and efficient and 
when countries that are not self-suffi­
cient in agriculture have developed 
other income-generating specialties 
in non-agricultural products (e.g., oil 
in Kuwait), manufacturing (e.g., 
Hong Kong), or services. 

Because political, economic, and 
social forces often limit international 
trade, self-sufficiency in food produc­
tion is the most likely means of feed­
ing most of the world population 
over the next several decades. Ac­
cordingly, an analysis of carrying ca­
pacity is currently more realistic at 
the national level. In 1982, the Food 
and Agriculture Organization pub­
lished a comprehensive report on the 
number of people that could be fed 
based on cultivation of all arable land 
in 117 less developed countries. The 
FAO report estimated the maximum 

population each country might sup­
port based on three levels of technol­
ogy: 
a) subsistence or traditional fanning, 
b) intermediate farming (some fertil­

izers, pesticides, improved seeds),
 
and
 
0) advanced farming (the most mod­

ern agricultural technology, e.g.,
 
Iowa com farming).
 

The FAO report concluded that 
by the year 2000, 64 countries (29 of 
them in Africa) would be unable to 
feed themselves if they continued to 
use subsistence farming techniques. 
Of these countries, 36 would not be
 
able to feed themselves with interme­

diate farming technology and 19
 
would not be able to feed themselves
 
even with advanced agricultural 
technology. Unfortunately, advanced 
agricultural technology may not offer 
much hope for these nations. In west­
ern countries where such practices 
are currently employed, many are 
questioning the long-term sustain­
ability of modem agriculture (Brown 
1988, Ehrlich et al. 1993). Many of 
the nations most vulnerable to food 
shortages are tropical, where western 
agriculture is unsuitable (Fearnside 
1987). Even if more advanced agri­
cultural practices were sustainable, 
most of these countries currently lack 
the financial and educational re­
sources that would be required to 
adopt them. 

As bleak as the FAO projections 
are, they may be too optimistic. For 
example, the report estimated that 
the Brazilian Amazon could support 
7. I billion people using advanced ag­
ricultural technology on all arable 
land and actually recommended mi­
gration into the tropical lowlands to 
relieve population pressures in more 
highly populated areas. Phillip 
Feamside, an ecologist who has de­
voted many years to the study of hu­
man populations in the Amazon ba­
sin, points out that the FAO report 
ignores the limits to employing Iowa­
style capital and nutrient-intensive 
agricultural practices in the Amazon. 
In estimating the carrying capacity of 
the Amazon Basin, Fearnside be­
lieves that even the FAO estimate of 
355 to 710 million people based on 

subsistence level farming may be too 
large by a factor of two. Among the 
issues that Feamside (1990) raises are 
the degradation of tropical soils fol­
lowing deforestation, the lack of a 
cold season to kill crop pests and dis­
eases in the tropics, and that the ar­
eas with the best soils are already 
colonized. Feamside points out that 
in Rondonia, 42% of the land colo­
nized in the 1970s was classified as 
"good for agriculture with low or me­
dium inputs" but only 17% of lands 
colonized in the 1980s and 13% of 
the currently uncolonized lands have 
this classification. 

Theemergence ofnew diseases 
Of the extrinsic factors capable of 

limiting human populations to levels 
below carrying capacity, disease 
seems one of the most likely (Ehrlich 
and Ehrlich 1970). Cholera, small­
pox, tuberculosis, malaria, and other 
diseases have plagued mankind for 
most of recorded history (McNeill 
1976). Despite the progress of mod­
ern health care, many human dis­
eases are on the rise again and the 
emergence of new diseases appearsto 
be increasing. For example, the 
World Health Organization estimares 
that tuberculosis, once seemingly un­
der control, now infects 1.7 billion 
people worldwide, and much of it is 
now drug-resistant. AIDS is reponed 
by the Center for Disease Control to 
be the second leading killer of men 
and fifth leading killer of women 
ages 25-44. 

With increased human population 
and the increased contact between 
people caused by the globalization of 
transportation, we can expect in­
creased mortality from diseases and 
perhaps more new kinds of diseases 
(Burnet and White 1972). As one 
eminent public health scholar put it 
"the sheer increase of the global 
population, its local density in 
conurbations, and the scale and ease 
of rapid transoceanic travel are 
discontinuities in the human condi­
tion that aggravate our vulnerability 
to emergent infections" (Lederberg 
1993). Lederberg goes on to write, 
"the global extermination of our spe­
cies by disease is hypothetically pos-
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Fig. 4. The relationship between GNP per capita and the crude birth rate per 
1000 people in 1990 for 107 countries. The correlation coefficient is - 0.664, P 
< 0.001. 

sible, most likely in concurrence with Center for Disease Control are Ben­
the stresses of war and famine ... We gal cholera (the first new strain of 
need not search far for historic prece­ cholera in years, this new disease 
dents of continental decimation of killed more than 5,000 people in 
many plant and animal species and Bangladesh and India in the spring 
once every century or so of the hu­ of 1993); the fast-killing new strain 
man." of Group A Streptococcus that killed 

The evolution of virulence in dis­ puppeteer Jim Henson; the new 
eases is limited by the loss of trans­ strain of hantavirus carried by ru­
mission success resulting from the dents that killed more than 40 people 
host's rapid illness or death (Ewald in the southwestern United States in 
1994). Throughout much of human 1993; and the "Jack-in-the-Box bac­
history, the virulence of human 
pathogens has been constrained by 
relatively limited and local contact 
between people. Without modern 
transportation, an individual contact­
ing a virulent disease in one locality 
would likely die before reaching an­
other population center. Indeed, 
given the potential of modern trans­
portation systems to spread diseases, 
it may be no coincidence that modern 
air travel came into being only after 
the widespread use of antibiotics.
 

New diseases have always been a
 
threat to humans, but never before
 
have they had as much potential to 
spread rapidly. Among the virulent 
new diseases recently reported by the 

teria," E. coli 0157. Diseases that 
once killed relatively few people in 
isolated regions now have the poten­
tial to spread worldwide. A case in 
point is the Ebola virus, a strain of 
filovirus endemic to African rain for­
ests. The disease was first diagnosed 
by western scientists in Marburg, 
Germany, after students who had dis­
sected African monkeys were struck 
with hemorrhagic fever. Ten years 
later a town in Zaire and another in 
Sudan were devastated when the dis­
ease emerged again. 

The medical community has rec­
ognized emergent diseases as a major 
global threat and has called for in­
creased funding to fight them. A re­
cent Institute of Medicine Task Force 
on Emergent Infections "promptly 
reached unanimity that these threats 
urgently need to be brought to public 
and policy attention" (Lederberg 
1993). The task force recommenda­
tions focused on the need to 
strengthen disease surveillance glo­
bally, to increase the development 
and availability of vaccines, and to 
increase vector control and public 
health education programs. Again, 
according to Lederberg, "infection 
knows no national boundaries, and 
we will pay dearly if we ignore the 
smoldering of infection anywhere." 

Regulation ofhuman birth rates 
The ultimate control of human 

population size by disease and/or re­
source overexploitation may be pre­
vented by concerted social actions to 

.' 

", 
6o-2-4 
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slow population growth by reducing 
birth rates. Accordingly, we must un­
derstand what social actions are ef­
fective at reducing birth rates. 

The nndeniably strong negative 
relationship between birth rate and 
GNP (Fig. 4) has led many econo­
mists to suggest that the key to stabi­
lizing global population is economic 
development. According to a report 
of the Hudson Institute, "Once a 
country has reached affluence, for­
mal population management efforts 
have not been needed to bring down 
birth rates. Birth rates fall because 
children become less and less of an 
economic asset and more an expense 
or family investment" (Avery 1991). 
If increasing economic wealth as 
measured by GNP plays a causal role 
in the decrease of birth rate, then we 
should find a direct relationship be­
tween increases in .GNP. and _decline 
in birth rate or fertility. That this 
relationship is weak can be seen in 
Fig. 5. 

Recently, a number of demogra­
phers have argued that investments 
in education and family planning are 
very effective at reducing fertility 
(Robey et a1. 1993). This relationship 
is shown clearly in Figs. 6 A and B, 
which show fertility rates vs. educa­
tion level (105 nations) and contra­
ception use (50 nations). It is worth 
noting that, although fertility de­
clines sharply with both increased fe­
male education and increased use of 
contraception, the relationship with 
contraception use is tighter than that 
with education. Several studies have 
suggested that women who are better 
educated are also more likely to have 
access to contraceptive devices and to 
be willing to use them; however, 
improving educational opportunities 
for women alone does not appear to 
ensure significant decline in fertility, 
at least in the short run. Of the 10 
lowest income countries listed in 
Table 5, the percentage of females at­
tending primary schools more than 
doubled from 1965 to 1989 and the 
percent of females in secondary 
schools increased from an average of 
about 1% to over 8%; but very little, 
if any, decline in fertility rate was ob­
served. This is perbaps due to the 

very low starting percentages of fe­
males enrolled in school and to the 
long time lags before results might be 
expected. 

Countries that have simulta­
neously invested in both improved 
educational opportunities and in 
family planning have shown the best 
results in reducing fertility. In Sri 
Lanka, for example, where substan­
tial efforts were made to improve 
educational opportunities and to pro­
vide family planning services, total 
fertility declined from 4.9 children in 
1965 to 2.4 in 1990. 

Sustainable development and the 
quality of life 

The quality of life experienced by 
human beings comes in part from the 
goods and services produced by hu­
man economic activity and in part 
from goods and services from Earth's 
natural ecosystems. Unfortunately, 
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these two aspects of quality of life 
have usually been studied in isolation 
by economists or ecologists. 

The goods and services that hu­
mans derive from natural ecosystems 
are not fixed constants but continu­
ally change depending on both the 
level of human technology and the 
health of those ecosystems. From a 
human perspective, ecosystem health 
can be roughly gauged as the ability 
of the ecosystem to provide the goods 
and services that contribute to human 
life and well-being. Even if we to­
tally ignore any intrinsic right of 
other forms of life to share the earth 
with humans, we cannot escape the 
need to maintain a healthy biosphere 
in order to provide the goods and ser­
vices that contribute directly to our 
welfare. Many of the goods of nature, 
such as food, fiber, and raw materi­
als, havebeenincorporated into the 
marketplace, but most of the services 
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of nature have not. Among the "free" 
services provided by healthy ecosys­
tems are cleansing air and water, 
storing and cycling essential nutri­
ents, maintaining the composition of 
the atmosphere, generating and 
maintaining soils, absorbing and 
detoxifying pollutants, and maintain­
ing hydrological cycles. 

That human activities can de­
grade the Earth's ability to provide 
goods and services on both local and 
global scales is well documented. 
Among the many examples are the 
loss of soil fertility and water quality 
due to poor agricultural practices and 
the loss of protection from ionizing 
radiation due to the use of ozone-de­
pleting CFC's. In many such cases, 
alternative technologies are available 
that provide benefits via the human 
economy without seriously degrading 
me ability of naturalecosystems to 
provide their goods and services. 
Unfortunately, the lack of recogni­
tion of the goods and services pro­
vided to humanity by natural ecosys­
tems causes the continued use of 
technologies that degrade natural 
systems. 

Economists often point out that as 
technology improves, more total 
goods and services can be extracted 
from global resources. Some have 
even argned that population in­
creases are a stimulus, not a detri­
ment, to economic gains. According 
to this view, increased population 
stimulates economic growth by in­
creasing labor, markets, and the rate 
of innovation; technology will solve 
all global problems, including envi­
ronmental ones. 

To counter this over-optimism, 
ecologists must point out that the 
earth may be capable of delivering 
more or less to human society, de­
pending on the pattern and history of 
human exploitation. Many ecologists 
have shown that there are 
unsustainable levels of resource use, 
but few have added that there is also 
a variety of levels of sustainable use 
of natural resources. The concept is 
familiar to ecologists in as much as 
the very term "maximum sustainable 
yield" (MSY) implies that there are 
less than maximal levels of sustain­

able yield. In calculating MSY, a 
fisheries biologist is in essence calcu­
lating the largest of a theoretically 
infinite set of harvest levels that 
could be maintained in perpetuity. 
Likewise, it is quite feasible that a 
much abused Earth, having lost 
much of its mineral and soil re­
sources, depauperate of much of its 
original flora and fauna, and im­
mersed in a perpetual sea of pollu­
tion, might manage to stabilize its 
levels of resource extraction at a rate 
that could be maintained in perpetu­
ity at a level far below the one at 
which a healthier Earth would be ca­
pable. 

Clearly, a larger human popula­
tion and unsustainable economic 
practices lead to greater environmen­
tal degradation. If the population is 
so large as to lead to the irreparable 
degradation of life-support mecha­
nisms, then the population is, by 
definition, above carrying capacity. 
The system can no longer support the 
environmental impacts in perpetuity. 
There may be, however, many forms 
of environmental degradation that 
degrade the quality of life for people 
and foreclose their options for future 
improvements, but which are none­
theless sustainable in that they can be 
endured in perpetuity. The simple 
but important point is that carrying 
capacity is the maximum population 
size that can be sustained without 
reference to the quality of life of 
those people (Hardin 1986). 

As an example of "sustainable en­
vironmental degradation," we have 
made a very rough estimate of the 
impact of various levels of human 
population on the loss of biological 
diversity in the Amazon Basin. Loss 
of biological diversity degrades the 
environment by lowering living stan­
dards and closing options for future 
improvement. However, this loss can 
be sustainable; life, albeit impover­
ished, may go on in perpetuity in the 
presence of fewer species. Our ap­
proach was to make a crude estimate 
of the loss of endemic forest interior 
species under various degrees of for­
est clearing. We assumed that the 
number of surviving species is given 
by the usual species-area curve with 

an exponent of z = 0.25. We related 
human population density to habitat 
loss by using both the FAO estimate 
that, with current agricultural prac­
tices, 0.5 persons/ha is the maximum 
density for the Brazilian Amazon 
and Feamside's (1990) more conser­
vative estimate of 0.24 persons/ha. 

Using the above assumptions, a 
Brazilian Amazon population of 50 
million people would result in the 
loss of approximately 10% of all en­
demic forest interior species, a popu­
lation of 100 million would result in 
a loss of about 25% of the species, a 
population of ISO million would re­
sult in the loss of about 45%, and a 
population of 200 million would re­
sult in 100% deforestation and the 
loss of all endemic forest interior 
species. Using the FAO estimate of 
0.5 persons/ha, the same losses 
would cccur__with approximately 
twice as many people in each case. 
This analysis is admittedly too sim­
plistic, but it does give a rough idea 
of how many forest interior species 
might survive various levels of hu­
man population size. 

Another example of the trade-offs 
between population size and quality 
oflife follows from the above discus­
sion on food as a limit to human 
population size. Currently, the diet of 
people in developed countries re­
quires about 10,000 gross calories 
(42 kJ) each day, compared with 
4,000 gross calories (17 kJ) per day 
in developing countries (Bongaarts 
1994). The ability of a world popula­
tion of 10 billion (the median UN 
projection) to feed itself at 4,000­
10,000 gross calories (17-42 kJ) each 
day in 2050 depends on the techno­
logical improvements it makes in 
agriculture and its environmental 
impacts. If environmental impacts 
were limited by holding constant the 
amount of land in agriculture, this 
population could feed itself the range 
of current diets by improving yields 
100-700% over current levels. By 
increasing the annual harvested area 
by 50%, yields would still have to 
improve by 30-340%. A lower world 
population could feed itself a better 
diet and cause fewer environmental 
impacts. 
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THE ROLE OF ECOLOGISTS IN 
THE POPULATION DEBATE 

With a few notable exceptions 
(e.g., Ehrlichs, Hardin, Pimentel, 
Fearnside, Odum), most professional 
ecologists have paid little attention, 
at least as evidenced by their schol­
arly publications, to the limits to 
growth of the human population or to 
the concept of human carrying ca­
pacity. Meffe et al. (1993) have made 
a similar observation about conserva­
tion biologists. The Sustainable Bio­
sphere Initiative (Lubchenco et al. 
1991), which sets a research agenda 
for ecology for the next decade, says 
very little about the role of ecologists 
in the study of human populations, 
even though it clearly identifies hu­
man population as "exerting tre­
mendous pressures on Earth's life 
support capacity," and goes on to 
state that tltere is "real need-to-bring 
ecological techniques, especially 
methods from population biology, to 
bear on the problems of human popu­
lation growth." 

The lack of attention paid to hu­
man carrying capacity by most ecolo­
gists is puzzling for several reasons, 
including the following: 
1) Carrying capacity is inherently an 
ecological concept and was devel­
oped by ecologists. 
2) Many ecologists have used the 
concept of carrying capacity in their 
studies of the dynamics and regula­
tion of animal and plant populations. 
3) Many, if not most, ecologists are 
also environmentalists and see hu­
man population size and overcxploi­
ration of natural resources as the root 
causes of most environmental prob­
lems (e.g., Ehrlich 1985). 
4) Virtually all ecologists are famil­
iar with the basic concepts of 
demography and most are already 
trained in the theoretical approaches 
used by demographers. 
5) Detailed data bases on human 
demography and the physical, social, 
and economic conditions contribut­
ing to demographic patterns are 
readily available and easy to use. 

Why, then, have so few ecologists 
seriously applied their knowledge, 
skills, and talents to the question of 
the l imit.s to human population? 

Questions associated with this subject 
are clearly complex, and their study 
involves a multi-disciplinary ap­
proach. There is only one Earth, so 
any study of Earth's population can, 
at best, be pseudoreplicated, and con­
trolled experiments are out of the 
question. But ecologists are accus­
tomed to tackling complex problems. 
We believe the lack of attention to 
the human population is much more 
fundamental. Ecologists seem wary 
of stepping into a multi-disciplinary 
area where their findings are less 
likely to be accepted within the eco­
logical community and are sure to be 
controversial. Unfortunately, the 
study of the human population and 
its impact have remained on the pe­
riphery of the ecological research 
agenda. The phenomena of human 
population growth and its impacts 
arc-all too apparent; is the ecological 
community willing to ignore the 
most pressing social and scientific is· 
sue of all time? 

The Sustainable Biosphere Initia­
. tive (Lubchenco 1991) recognized 
the pivotal importance of human 
population size and distribution to 
the health of ecological systems. The 
SBI report, however, stops short of 
calling for an explicit research initia­
tive in the area of human population 
growth and carrying capacity. The 
SBI report identifies three research 
areas that ecologists should concen­
trate on in the 1990s: global change, 
biological diversity, and sustainable 
systems. While all three of these top­
ics relate in multiple ways to human 
population size, we feel the SBI is re­
miss in not explicitly calling for 
ecologists to study human population 
growth and the question of human 
carrying capacity. Accordingly, we 
call on the ESA to reconvene the 
Research Agenda Committee that 
originally drafted the SRI report 
and to charge the committee to de­
velop research recommendations 
aimed at improving our under­
standing of the ecological factors 
determining human carrying ca­
pacity and influencing human 
population growth and distribu­
tion. 

We end with a quote from 
Leopold, who was among the first to 
discuss the carrying capacity con­
cept: 

Man thinks of himself as not sub­
ject to any density limit. . But 
slums. wars. birth- controls, and 
depressions may be construed as 
ecological symptoms that our as­
sumption about human density 
limits is unwarranted; ... we may 
yet learn a lesson in sociology 
from the lowly bobwhite, which 
. .. "refuses" lO live in slums and 
concentrates his .. effort on 
quality, not ciphers. Where his 

. exuberance gets the upper 
hand and causes him to depart 
occasionally from the rule, he, 
suffers economic cycles and so­
cial unrest, and his civilization 
relapses to near-zero for-a new 
start. (Leopold 1933:49) 
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