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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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Fig. 1. The relationship between grass seed production and the density of Chip
ping Sparrows at The Research Ranch in southeastern Arizona. The closed 
circle represents the average of six. sites where seed abundance was greatly in
creased in 1982-1983, the open circle represents the same sites in 1981-1982, 
the open triangle represents a control site in 1982-1983, and the closed tri
angles represent one of the experimental sites from four different years before 
1981. When seed production is <10 kg/ha, sparrow densities equal their indepen
dently predicted carrying capacity (the line labeled K). When seed production is 
>10 kg/ha, sparrow densities are equal to the saturation density (labeled 5'). 

Ecology in 1953, most authors fol
lowed Odum and equated carrying 
capacity to the parameter K of the lo
gistic equation (Table I). Odum 
(1953) defined carrying capacity as 
the "upper bound beyond which no 
major increase can occur (assuming 
no major changes in environment)." 
He also dropped the distinction be
tween carrying capacity and satura
tion density, in essence assuming 
that they are the same. 

Complex population 
regulation 

Odum equated carrying capacity 
with K, or the "upper asymptote of 
the S-shaped curve" (Odum 
1953:122). Some populations do ex
hibit sigmoidal growth and can be 
adequately described by the logistic 
equation (e.g., Pearl 1927). When 
populations are small, population 
growth rates increase as population 
size increases because there are more 
individuals to contribute to growth. 
As populations grow large, other fac
tors that slow population growth of
ten come into play. The dynamics of 
many natural populations, however, 
are much more complex than this 
and the logistic equation is often not 
an adequate descriptor of their 
growth. 

Complex population dynamics oc
cur for at least three reasons. First, 
populations are subject to many ex
trinsic forces, often described as dis
turbances, that perturb growth trajec
tories. Disturbances may lead to 
abrupt changes, particularly declines, 
in population size. Second, popula
tions may exhibit periodic fluctua
tions due to biotic interactions. The 
best known example of this is preda
tor-prey cycles resulting from the 
asynchrony of predator responses to 
increases in prey numbers. Third, 
populations may have multiple 
steady states characterized by nonlin
ear dynamics and unstable points or 
population thresholds that result iu 
dramatic shifts in population behav
ior. 

Population growth and regulation 
may be characterized by a continuum 
of dynamics ranging from simple to 
complex. In the simplest situation 
the per capita growth rate declines 
linearly with population size, which 
leads to logistic growth. In this case, 
any population of less than the equi
librium, K (defined as the population 
size for which the per capita growth 
rate equals 0), will grow until it 
reaches K and any population of 
more than K individuals will decline 
to K. In the somewhat more complex 

case of multiple steady states, the dy
namics depend on whether or not 
population size exceeds an "un
stable" point (u). Any population of 
less than u individuals tends toward 
a smaller equilibrium, k, but any 
population greater than u tends to
ward K, the larger equilibrium. If 
there are frequent small disturbances 
or "noise" in such a system, the 
population will tend to fluctuate in 
the vicinity of one or the other of the 
two equilibria; occasional large dis
turbances, on the other hand, could 
result in crossing the threshold or 
unstable point, u, resulting in a shift 
from one "basin of attraction" to the 
other. Population dynamics may be 
further complicated by nonlinear 
population dynamics. Even in the 
simple logistic model, if the intrinsic 
rate of increase, r, is sufficiently 
farge, populations thatexceed K can 
abruptly decline, leading to popula
tion cycles or even "chaotic" behav
ior (Hassell et a1. 1976). 

Fig. 2 illustrates complex popula
tion dynamics from the perspective 
of the environmental mechanisms 
that might regulate a population in 
nature. Many animal populations ap
pear to be regulated by predation or 
other factors at a level well below the 
carrying capacity set by resources. 
This is illustrated in Fig. 2 by a lower 
equilibrium, k, set by predation and a 
larger equilibrium, K, set by re
sources. There could, in fact, be sev
eral other equilibria, each set by a 
different limiting factor, with the up
per equilibria only coming into play 
when the population temporarily ex
ceeds the limits set by lower level 
factors. Populations may fluctuate in 
the vicinity of any equilibrium due to 
random noise and/or to cyclic dy
namics resulting from biotic interac
tions. If the magnitude of such fluc
tuations is too great, the population 
may cross an unstable point and 
move into the domain of another 
equilibrium. Furthermore, both the 
equilibria and the unstable points 
may themselves fluctuate in time and 
space as environmental conditions 
change. 

As suggested in Fig. 2, disease 
may playa major role in the complex 
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Table 1. Use of the term "carrying capacity" in textbooks (after Dhondt 1988). disease may be the major factor that 
returns the population to a lower 

Sensu Sensu Sensu Not 
Leopold Errington Odum used 

1949 Allee et a1. + + 
1952 Dice + 
19530dum + 
1954 Clarke + 
1954 Woodbury + 
1954 Andrewartha and Birch + 
1954 Lack 
1964 Dasman + 
1965 Knight + 
1966 Smith + 
1966 Beman and Werner + 
1966 MacArthur and Connell + 
1967 MacArthur + 
1968 Schwerdtfeger + 
1969 Kormony + 
1972 Krebs + 
1973 Collier et a1. + 
1973 Colinvaux + 
1973 Ricklefs + 
1973 Varley et al, + 
1973 Broughley + 
1973 Emlen + 
1973 McNaughton and Wolf + 
1974 Maynard Smith + 
1974 Giesel + 
1974 Duvigneaud + 
1975 Dempster + 
1975 Wilson ~ 

1976 Emmel ~ 

1977 Ehrlich et al. + 
1978 Giles + 
1978 Remmert 
1979 Roughgarden + 
1979 Murray + 
1981 Begon and Mortimer + 
1981 Merrel T 

regulation of animal and plant popu
lations in nature. Disease may be 
chronic, merely being another source 
of mortality that slows the rate of 
population increase but does not set 
the overall course of population dy
namics, or it may be the predominant 
driver of population change, as in the 
classic case of the myxomatosis virus 
and rabbits (Thomas 1960). Further

more, there may be thresholds of 
population density that make disease 
transmission much more likely (May 
and Anderson 1979); crossing these 
thresholds may lead to catastrophic 
declines in population numbers. In 
this case, disease may be an agent 
that plays a major role only when 
populations exceed certain thresh
olds. When the threshold is crossed. 

size. 
Social behaviors such as domi

nance hierarchies and territorial de
fense also appear to be significant in 
the regulation of many animal popu
lations, particularly vertebrates 
(Pulliam 1986). The current consen
sus is that such behaviors have 
evolved because of the advantages 
they bestow on individuals, such as 
preferential access to mates, food, or 
shelter. These behaviors have conse
quences at the population level, in 
that individuals that do not have ac
cess to such resources are less likely 
to survive and reproduce. Some of 
the best evidence that social behavior 
actually limits total population size 
comes from studies of territoriality in 
birds. Several studies have shown 
that territo-rial behavior limits the 
density of breeding pairs of birds 
(Brown 1969, Woolfenden and 
Fitzpatrick 1984) and that excess in
dividuals exist as nonbreeding "float
erg" that wait for a territorial vacancy 
to occur (Zack and Stutchbury 1992). 
Because the number of breeding 
pairs is limited, the number of float
ers is also limited by the reproductive 
output of the breeders. By limiting 
the density of breeders and indirectly 
limiting the number of floaters, terri
toriality may limit local population 
size to.levels at or below the carrying 
capacity set by food or other limiting 
resources. 

Since populations may reach an 
equilibrium well below the carrying 
capacity set by resources, it is not ap
propriate to equate the parameter K 
of the logistic equation with carrying 
capacity. A population may exhibit 
sigmoidal growth and stabilize at an 
equilibrium value that is not its car
rying capacity, at least not its carry
ing capacity sensu Leopold. In our 
opinion, carrying capacity is a useful 
concept only when used in the origi
nal sense of a limit set to population 
size by the availability of resources. 
Roughgarden (l979) defines carrying 
capacity as "a measure of the amount 
of renewable resources in the envi
ronment in units of the number of or
ganisms these resources can sup-
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Fig. 2. An illustration of some environmental factors that contribute to com
plex population dynamics. As population size increases from left to right, the 
population may reach one of two equilibria; k is the population size set by pre
dation, while K is set by resources. Social control might cause a stable popula
-tion to be maintained-below K. Resource overex-ploitation or disease might 
cause a population to "crash." 

port." This definition precludes the Roughgarden refers to the number of 
use of the term carrying capacity to organisms limited by the "amount of 
describe a limit set by predation or renewable resources in the environ
social behavior unless this limit hap ment." If no other limiting factors 
pens also to coincide with the limit come into play, a population can per
set by resources. sist indefinitely at or below the size 

When carrying capacity is defined limit set by renewable resources. 
as above, it can be measured inde However, there is no guarantee that a 
pendently of population size, as was population will suddenly stop grow
the case in the sparrow example ing as soon as it reaches this limit. 
given earlier. Carrying capacity may Predator-prey cycles are an excellent 
vary in time and space. For example, example of what happens when a 
under some circumstances. such as population exceeds the limits set by 
for Chipping Sparrows in southeast renewable resources. When predators 
ern Arizona in years of low seed pro are scarce, prey populations grow 
duction, carrying capacity may be rapidly and the increase in prey 
less than the saturation density availability results in an increased 
(sensu Leopold) set by social behav growth of predator populations. The 
ior. In other times and/or places, car predator population continues to 
rying capacity may be above this grow beyond the number that can be 
limit. Likewise, the carrying capacity supported by the existing prey popu
set by available resources may be lation, resulting in a decline in prey 
above or below the predation stable numbers followed by a decline in 
point and/or a threshold for disease predator numbers. If the predator 
transmission. Given all of these fac does not decimate its prey too se
tors, carrying capacity mayor may verely, the declines in both prey and 
not be reached by a population, but it predator are relatively minor and 
is still a useful concept and can be their numbers exhibit a "dampened 
measured independent of actual oscillation" as they both approach 
population size. stable points. However, if the exploi

Carrying capacity may also be ex tation of prey is too severe, predator 
ceeded, at least temporarily. Notice and prey numbers exhibit oscillations 
that the definition quoted from of increasing amplitude and may be 

subject to increased likelihood of ex
tinction. 

In most cases, predators do not 
overexploit their prey to the point of 
mutual extinction of predator and 
prey. In fact, ample evidence sug
gests that it is predation that keeps 
many prey populations from becom
ing so abundant that the prey 
overconsume their own resources. 
Most ecologists are familiar with the 
case of the "introduction, increase, 
and crash" of reindeer on Saint 
Matthew's Island in the Bering Sea 
as a classic example of overexploita
tion of food resources when predators 
are absent (Klein 1968). On the 
mainland, reindeer herds do not 
reach densities capable of compa
rable overexploitation, presumably 
because predators keep populations 
well under carrying capacity. 

In this brief review of the carry
ing capacity concept in ecology, we 
have described some significant fac
tors in the complex population dy
namics of animal populations. What 
insights might the results of ecologi
cal studies of carrying capacity con
tribute to studies of the" even more 
complex population dynamics of hu
mans? After discussing the way non
ecologists have approached human 
populations, we analyze human 
population dynamics within an eco
logical framework. 

HUMAN POPULATION 
PROJECTIONS 

A great many authors have at
tempted to forecast future human 
population sizes and to determine 
carrying capacities. President 
Abraham Lincoln may have been the 
first to predict the carrying capacity 
of the United States when he com
pared the U.S. population to that of 
Europe and estimated that the U.S. 
had a "capacity to contain 
217,186,000" persons (quotation re
ported in Haub 1987). 

Some attempts to forecast popula
tion sizes have been more serious 
and scholarly than others. To illus
trate the diversity in approaches, we 
discuss here three such attempts, one 
projecting that there could be 
60,000,000,000,000,000 humans liv-
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ing quite happily in the year 2854 
(Fremlin 1964), a second predicting 
that the human population will be
come infinite in size on 13 Novem
ber 2026 (von Foerster et al. 1960), 
and the third being the "official" 
projections used by the United Na
tions and other international orga
nizations, Unfortunately, all three 
approaches have serious limita
tions. 

60, 000, 000,000. 000, 000 humans 
in 2854 

J.H. Fremlin, a physicist at the 
University of Birmingham in En
gland, presented an extreme example 
of the point of view that human inge
nuity and technology could overcome 
virtually all limitations to human 
population growth. In his 1964 essay 
entitled "How many people can the 
world support?", Fremlinargued that 
the only insurmountable limit to hu
man population size is that set by the 
Earth's capacity to dissipate heat and 
that, in the absence of social action, 
this limit would be reached. Whether 
Fremlin truly believed his own argu
ments or was writing "tongue in 
cheek," we do not know. 

When Fremlin wrote his essay in 
1964, there were only about 3 billion 
people on Earth. Based on a popula
tion doubling time of 37 years for the 
19605, Fremlin assumed that the hu
man population would continue to 
grow at that rate for about 900 years. 
Along the way, Earth's engineers 
would need to make a few adjust
ments. To accommodate the first 400 
billion people by 2224, the adjust
ments would be relatively minor such 
as the "elimination of meat eating," 
the "elimination of all land wildlife," 
and the "agricultural use of roofs 
over cities." In the following century, 
all wildlife in the sea would be "re
moved and replaced with the most 
useful organisms." In a gesture to
ward preserving biological diversity, 
Fremlin recommended that "a re
serve of potentially useful species 
could be preserved, perhaps in a dor
mant state." By the 25th century, 
15,000 billion humans would need to 
forgo the luxury of growing their 
food and instead resort to direct syn

thesis of fats, carbohydrates, and 
amino acids. 

Under the scenario described by 
Fremlin, there would be a limit to 
human population growth. By the 
year 2764, there would be "severe re
frigeration problems" due to the 
metabolic heat produced by 12 mil
lion billion people. The problem 
could be forestalled for a couple of 
generations by first "roofing in ocean 
to stop evaporation" and eventually 
"hermetically sealing ... the planet" 
but, even so, by 2854, the Earth 
would reach an "absolute limit" of 60 
million billion people "due to the 
heat problem." 

One might reasonably ask where 
our descendants are to live given that 
60 million billion people on Earth 
translates into 120 persons/m'. 
Fremlin, of course, speculates on the 
-s-olution. '':.W e can safely assume, 
however, that in 900 years' time the 
construction of continuous 2000
story buildings over land and sea 
alike should be quite easy. That 
would give 7.5 square metres of floor 
space for each person ..." Raw ma
terials for this massive construction 
project "should not be a problem" 
since "the whole of the oceans and at 
least 10 kilometres of the Earth's 
crust would be available ..." And if 
you are concerned about the quality 
of life in the year 2954, fret not. "Oc
casional ... travel over a few hun
dred metres would be permissible ... 
each individual could choose friends 
out of some ten million people, giv
ing adequate social variety ... One 
could expect some ten million 
Shakespeares and rather more 
Beatles to be alive at anyone time." 

Doomsday: Friday, 13 
November, A.D. 2026 

Another remarkable scenario is 
attributable to an electrical engineer 
at the University of Illinois, Heinz 
von Foerster. Von Foerster et al. 
(1960) proposed that the human 
doomsday will be Friday, 13 Novem
ber, A.D. 2026, on which date the 
human population will approach in
finity if it grows as it has in the last 
two millennia. It is worth noting that 
von Foerster's original paper and 

several subsequent updates were pub
lished in the prestigious journal Sci
ence (von Foerster et al. 1960, 1961, 
1962, Serrin 1975). 

Von Foerster took an entirely em
pirical approach. Based on 30 pub
lished estimates of human population 
sizes over the past 2000 years, von 
Foerster (1966) fonnd that human 
population growth "does not show a 
decline in its growth rate (logistic 
growth model), does not display a 
constant growth rate (exponential 
growth model), but exhibits a most 
unusual feature: as far as estimates 
reach back, the growth rate has 
steadily increased." Von Foerster and 
his colleagues fit several growth 
equations to the available data and 
found the most satisfactory fit was 
obtained by the equation, 

N~--------

(2026.87 - tl'" 

where N is population size and [ is 
time expressed in years AD. The 
year AD 2026.87 is 13 November 
2026. 

Several articles published since 
the original von Foerster et aJ. (1960) 
paper have asked how well the model 
has fared when compared to human 
population growth since 1960 (Serrin 
1975). The answer is somewhat sur
prising: human population growth 
has consistently outpaced the growth 
predicted by the von Foerster equa
tion (Table 2). Using UN population 
estimates, we have calculated that 
the hnman population dropped to a 
level below the population projected 
by the von Foerster equation for the 
first time on 5 May 1994. 

United Nations long-range 
projections 

The United Nations makes pro
jections of future human population 
sizes that are used for policy and 
planning purposes by government 
agencies and private groups around 
the world. These projections are 
based on accepted principles of hu
man demography and are much more 
sophisticated than the projections 
previously discussed. Perhaps the 
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Table 2. How well has the von 
Foerster model done? 

United von 
Nations Foerster 

1975 3.97 3.65 

1980 4.41 3.97 

1985 4.84 4.38 

1990 5.29 4.90 

1995 576 5.81 

2000 6.12 6.88 

most striking feature of the UN pro
jections is that they share the conclu
sion that the human population will 
reach a plateau somewherebetween 7 
and 15 billion people by the end of 
the next century (Table 3). The me
dian variant of the long-term popula
tion projections made in 1991 as
sumes that replacement-level fertility 
(a total fertility rate of 2.1 births per 
woman) will be reached in the year 
2035 and that the world population 
will be 10.185 billion in the year 
2100. The low and high variants of 
the UN long-range projection are for 
a world population of 7.524 billion 
people in 2100, based on achieving a 
replacement level fertility in 2010 
and 14.199 billion people in 2100, 
based on achieving replacement-level 
in 2065. 

Since the "official" UN projec
tions of future population sizes are 
widely used as the basis of policy 
decisions around the world, it be
hooves us to pay close attention to 
the methods used by their demogra
phers. Vle pay particular attention 

How human demographers make 
population projections 

Human demography is an inter
disciplinary subject. Most of its prac
titioners are trained as sociologists, 
economists, or geographers, but the 
field also draws methods and subject 
matter from biology. history, and the 
health sciences. Many human 
demographers and some dictionaries 
define demography as "the statistical 
study of human populations," 
(Webster's 1985) though many 
ecologists who study the demography 
of plant and animal populations 
might take offense at this narrow 
definition. Human demographers fo
cus on the same three factors (birth, 
death and migration) affecting popu
lation change as do ecologists who 
study the demography of non-human 
species. Accordingly, most ecologists 
will be quite familiar with .the basic 
tenets and methods used in human 
demography. We will focus here on 
some of the features of demography 
that distinguish human population 
dynamics from that of most other bi
otic populations. For more complete, 
though still relatively brief, treat
ments of the methodology of human 
demography, we suggest Population: 
A Lively Introduction by Joseph A. 
McFalls, Jr. (1991) and Understand
ing Population Projections by Carl 
Raub (1987). 

Population projections for human 
beings, like those for other animal 
and plant species, begin with an esti
mate of the current population size 
and age-sex distribution. Future 
populations are projected on the basis 
of age-specific birth and death rates 

to the presumed mechanisms lead plus assumptions about migration. 
ing to human population stabiliza The reliability of the estimates de
tion. pends on (1) the accuracy of the ini-

Table 3. United Nations world population projections: 1980-2000 

1980 Replacement Population 
population level fertility in year 2100 

Series (billions) reached in year: (billions) 

High 4.44 2065 14.20 

Medium 4.43 2035 10.18 

Low 4.42 2010 7.52 

tial population census, (2) the reli
ability of data on current age-specific 
vital rates, (3) assumptions about fu
ture trends in vital rates. and (4) 
assumptions about immigration and 
emigration. Of all these factors, er
rors in the estimates of initial popu
lation size and projected future 
trends in vital rates most influence 
population projections. Migration 
may influence population size by al
tering vital rates, or trends in vital 
rates, in areas where the migrants are 

leaving or entering. At the global 
scale, however, assumptions about 
migration will affect future popula
tion distribution rather than future 
population size. 

Reliability ofhuman population data 
Ecologists are used to making sta

tistical inferences from uncertain 
data sets, but demographers encoun
ter some difficulties not faced by 
field ecologists. Census figures and 
estimates of human vital rates inevi
tably reflect errors resulting from po
litical factors andlor the reluctance of 
individuals to reveal information. 

According to Haub (1987), some 
countries (i.e., Oman, Chad, Qatar) 
have never taken a national census, 
and others have not taken a census in 
decades. Lebanon's last census was 
in the 1930s. Until very recently, Ni
geria had last censused its population 
in 1973, but the count was rejected 
by the Nigerian government for po
litical reasons. Furthermore, proce
dures for taking censuses and pre
senting statistical results vary sub
stantially from country to country. 
Even in developed nations that de
vote very substantial resources to 
their national censuses, census takers 
are much less likely to obtain accu
rate information from certain por
tions of the population (e.g., migrant 
workers and inner city dwellers) than 
from others. This results in debate 
over the interpretation of census re
sults and, in the end, statistical ad
justments reflecting political pres
sures may be made. 

Census takers sometimes ask per
sonal questions concerning birth
place, age, schooling, marriage, or 
occupation. Respondents may rnis-
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represent the facts for a great many 
reasons, ranging from spite to appre
hension over how the census results 
will be used. Haub (1987) gives an 
interesting example of errors result
ing from people reporting their "ap
proximate" age by "heaping" on a 
convenient age such as a number 
ending in 0 or 5. In Bangladesh's 
1974 census "there were 2,812,695 
people who gave their age as 30 and 
only 124,209 who said they were 31" 
(Haub 1987). Despite all of these 
limitations, demographers are able to 
ascertain information about census 
subjects, such as birthplace and past 
reproduction, that an ecologist usu
ally cannot estimate for an animal 
population. Most ecologists, for ex
ample, would be quite pleased to esti
mate the age of a long-lived verte
brate to within 5 years. 

The demographic transition 
The greatest limitation to the reli

ability of population projections IS 

not the uncertainty of census data, 
but rather the uncertainty of future 
birth and death rates. The projections 
of a future stationary global popula
tion are based on the concept of a 
demographic transition. In simplest 
terms, the demographic transition is 
a pattern of changes in birth and 
death rates that has been repeated in 
different parts of the world following 
economic and social development. 

Most demographers recognize 
four stages to the demographic tran
sition. These stages were based origi
nally on empirical patterns observed 
in Europe and the United States. In 
stage one of the demographic transi
tion, both birth and death rates are 
higb, effectively cancelling one an
other out. The high death rates in 
stage one are usually explained as re
sulting from harsh living conditions 
and the absence of sanitation or 
medical care. The high birth rates 
are often explained by the need for 
high fertility to compensate for high 
death rates. 

The second stage of the demo
graphic transition occurs when the 
death rate begins to decline while the 
birth rate remains high. This stage of 
the transition results in high popula

tion growth rates. Almost inevitably, 
demographers attribute the decline in 
death rate to improved living condi
tions and health practices. Birth rates 
remain high because of the benefits 
oflarge families in less developed so
cieties. These benefits are said to in
clude more labor for family farms, 
support of parents during their old 
age, and increased military or eco
nomic power. However, culture and 
tradition may support high birth 
rates, even after such rates provide 
societal benefits. Furthermore, as
cribing benefits to high birth rates 
implicitly assumes that these rates 
result from people choosing to have 
large families rather than from 
people not being able to control their 
own fertility. 

The third stage of the demo
graphic transition occurs when birth 
rates also begin to decline. Demogra
phers have gone to some length to 
explain why birth rates decline later 
than death rates. For example, 
McFalls (1991:34) writes: 

Most societies eagerly accept 
technological and medical 
innovation and other aspects of 
modernization because of their 
obvious utility against the univer
sal enemy: death. However, the 
social value attached to high fer
tility is slower to change. Cul
tural lag also plays a role. It 
takes time for people to recognize 
that lower death rates create 
population pressures that can be 
eased by having fewer children. It 
can take generations to recog
nize, for instance, that it is no 
longer necessary to have eight 
children to ensure that four will 
survive to adulthood. 

The final stage of the demo
graphic transition takes place when 
the birth rate bas stabilized at a level 
that approximately equals the death 
rate. In theory, the demographic 
transition starts and ends with a 
population near equilibrium, with 
birth rates approximately equal to 
death rates. In between, however, the 
death rate may drop to less than half 
the birth rate and, if this condition 

continues for a long time, the popula
tion may increase severalfold before 
a new equilibrium is reached. The 
population trend in Mexico during 
the present century provides an ex
cellent example of the demographic 
transition (Merrick 1986). Prior to 
1910, the annual death rate in 
Mexico was approximately 30 deaths 
per 1000 individuals. During the un
rest of the Mexican civil war and 
revolution (1910-30), the death rate 
increased to approximately 50 deaths 
per 1000. During this period the 
birth rate hovered around 40 per 
1000, resulting in very slow to no 
growth during the first 30 years of 
the 20th century. With improvements 
in health and living conditions, death 
rates slowly declined from a high in 
the 1920s to around 20 deaths per 
1000 in 1940 and <10 per 1000 by 
1970. Birth rates remained high (40+ 
per 1000) until after 1970, when a 
sharp decline in birth rates began. 
The net result of all of the changes 
was a population growth rate of 0
1% prior to 1920, reaching a maxi
mum of about 3.5% by 1970 and de
clining to 2.3% in 1993. Although 
the World Development Report 1992 
projects that Mexico will reach a re
placement fertiliry rate in 2005, the 
number of women of childbearing 
age will continue to increase and the 
population will continue to grow un
til it reaches a hypothetically station
ary size of 184 million sometime late 
in the 21st century. 

In the richer nations of the world, 
population growth rates and fertility 
have both declined. Table 4A shows 
recent trends in the fertility rates and 
population growth rates of the 10 
richest nations of the world. Also 
shown are the World Bank projec
tions of the hypothetical size of the 
stationary population for each coun
try. The World Development Report 
1992 notes that "the estimates of the 
size of the stationary population are 
very long-term projections. They are 
included only to show the impli
cations of recent fertility and mortal
ity trends on the basis of generalized 
assumptions!' The projections are 
extrapolated from current trends in 
fertiliry and mortality to a date when 
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Table 4. Projections of stationary population sizes in the 10 richest nations and other selected nations where the demo
graphic transition appears to be occurring (World Development Report 1992).' Ro is defmed as "the expected total num
ber of offspring left by an average individual throughout its life" (Roughgarden 1979:329), At replacement fertility, Ro= I. 

Total Population growth 
fertility rate (annual %) Assumed Assumed 

year stationary 
1965 1990 1965-1980 1980-1990 Ro~ I population 

A. Ten richest nations 
31 

USA 2.9 1.9 1.0 0.9 2030 317 

Denmark 2.6 1.7 0.5 0.0 2030 4 

Germany 2.5 1.5 0.2 0.1 2030 67 

Norway 2,9 1.8 0.6 0.4 2030 5 

Sweden 2.4 1.9 0.5 0.3 2030 9 

Japan 2.0 1.6 1.2 0,6 2030 114 

Finland 2.4 1.8 0.3 0.4 2030 5 

Switzerland 2.6 1.7 0.5 0.6 2030 6 

Kuwait 7.4 3.4 7.1 4.4 2010 5 

Canada 3.1 1.7 1.3 1.0 2030 

B, Selected other countries showing a demographic transition 

India 6.2 4.0 2.3 2.1 2015 1,862 

China 6.4 25 2.2 1.4 2000 1,890 

Sri Lanka 2.4 2.1 1.8 1.4 1995 28 

Indonesia 5.5 3.1 2.4 1.8 2005 360 

Mexico 6.7 3.3 3.1 2.0 2005 184 

, As in Table 5 and Figs. 4-7, the data from Table 4 comes from the World Development Report 1992, published by the World 
Bank. Data from these reports are easily available on computer discs, which canbe ordered from WorldBank: Publications, P.O. 
Box 7247-8619, Philadelphia, PA 19t 70-8619, For each figure, all countries for which complete data are given in the report are 
used in the analysis. 

the birth rate equals the death rate 
and the population age structure has 
stabilized. These projections seem 
fairly reasonable for most of the 10 
richest nations since, in most, the 
fertility rate is already below the re
placement level of 2.1 births per 
woman and population growth rates 
are generally <1 %. On the other 
hand, it seems less likely that Ku
wait, a country whose fertility rate 
has dropped from 7.1 in 1965 to 3.4 
in 1990, will reach replacement fer
tility by 2010. 

Table 4B shows similar demo
graphic trends for five additional na
tions, chosen because of their large 
population sizes and their marked 
declines in fertility rates since 1965. 
Impressive as the trends in fertility 
decline are, the projections for re

placement fertility levels to be 
reached in the next 5-25 years in 
these developing nations seem excep
tionally optimistic. For example, the 
World Bank projects that Indonesia 
will reach replacement fertility by 
2005, just 11 years from now. The 
projections appear to be based on lin
ear extrapolations of the trends of the 
past 15 years with no justification for 
the use of a linear model as opposed 
to a decelerating one. 

If there is reason to question 
population projections for the coun
tries showing some evidence of com
pleting the demographic transition, 
there should be far more concern 
over projections for those nations 
that show no signs of lower birth 
rates, Table 5 shows population 
trends and projections of a stationary 

population for the 10 poorest nations 
of the world. In 9 out of 10 of these 
countries the populations are growing 
faster in the 1990s than they were 
from 1965 to 1980 and only one 
(Bangladesh) has shown a substan
tial decline in fertility. The only pos
sible basis for projecting a demo
graphic transition and stationary 
population in these countries is to say 
that the transition has occurred in 
many other countries, so eventually it 
must happen everywhere. In fact, if a 
linear model of changes in fertility 
rate were applied to these countries, 
as is done for the rest of the world, 5 
of the 10 projections would never 
reach a replacement fertility rate. Us
ing a linear projection, the replace
ment fertility rate would not be 
reached until the year 2410 in 
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Table 5. Projections of stationary population sizes in the 10 poorest nations of the world. 

Total Population growth 
fertility rate (annual %) Assumed Assumed 

year stationary 
1965 1990 1965-1980 1980-1990 Ro~ 1 population 

Mozambique 6.8 6.4 2.5 2.6 2045 97 

Tanzania 6.6 6.6 2.9 3.1 2045 146 

Ethiopia 5.8 7.5 2.7 3.1 2050 420 

Somalia 6.7 6.8 2.9 3.l 2045 47 

Nepal 60 5.7 2.4 2.6 2025 59 

Chad 6.0 6.0 20 2.4 2040 28 

Bhutan 5.9 5.5 1.6 2.1 2035 5 

LaoPDR 6.1 6.7 1.9 2.7 2040 21 

Malawi 7.8 7.6 2.9 3.4 2050 63 

Bangladesh 6.8 4.6 2.6 2.3 2015 257 

Malawi and the year 2690 in Somalia, 
by which time both of the countries 
would have far exceeded Frem-liri's 
absolute population limits "due to the 
heat problem." 

Of the 125 countries listed in the 
World Development Report 1992, at 
least 36, with a combined population 
in excess of 320 million people, have 
shown no sign of completing the 
demographic transition. In each of 
these countries, the change in fertil
ity from 1965 to 1990 was <10%, 
and in more than half of them fertil
ity rates actually increased. The total 
fertility rates in these countries range 
from 5.5 births per woman in Bhutan 
to 8.3 in Rwanda, while average an
nual population growth ranges from 
2.4% in Bhutan to 3.9% in Rwanda 
and Oman. Recognizing the high 
growth rates of these countries. the 
World Development Report 1992 
projects an eventual combined sta
tionary population of 2.027 billion 
people in these 36 countries. Even 
this projection,however, assumes the 
completion of a demographic transi
tion with an assumed year of reach
ing replacement fertility ranging 
from 2025 for Lesotho to 2055 for 
Niger and Rwanda. If, instead, we 
assumed no demographic transition 
and a continued annual growth rate 
averaging 3.0%, these countries 
alone would collectively contain ap

proximately 8.5 billion people by the 
year 2100. 

Our purpose in making the above 
comments is not to criticize the ex
pertise of the United Nations or the 
World Bank, but rather to point out 
that simple projections of current 
population trends lead to untenable 
conclusions. Such projections are not 
based on any scientific understand
ing of the biological principles of 
population growth, bnt rather seem 
to be based on an unjustified faith in 
the universality of the demographic 
transition. Such projections also as
sume no new factors will come into 
playas populations increase, such as 
increased disease and starvation. Can 
China and India feed nearly 2 billion 
people each? Will the poorest nations 
of the world have the financial re
sources and the political support nec
essary to wage aggressive family 
planning efforts? We must at least 
admit that human population regula
tion is very complex and that many 
surprises may lie in wait. 

REGULATION OF HUMAN 
POPUUTION SIZE 

Humans are subject to many of 
the same biophysical constraints as 
are other species (Hardin 1986). 
Consider again Fig. 2, which depicts 
some of the mechanisms that contrib
ute to complex population dynamics, 

butthis time think howit might apply 
to humans. Preindustrial human 
populations were kept low by a rough 
balance between high birth rates and 
high mortality. Widespread industri
alization and improvements in health 
during the 19th and 20th centuries 
resulted in a dramatic lowering of 
mortality and subsequent rapid in
crease in the human population. An 
unstable point has been passed which 
can only be countered by a dramatic 
decline in birth rates or a return to 
high mortality rates. Nearly 80% of 
humanity has undergone or is under
going a demographic transition in 
which the transition to low mortality 
is being followed by a substantial de
cline in birth rates. In many nations 
this transition has been aided by 
aggressive campaigns of social ac
tion to lower birth rates. Another 
sizeable portion of the human popu
lation has shown little or no tendency 
toward a reduction in birth rates de
spite substantial declines in mortal
ity. These subpopulations are in
creasing at unprecedented rates, 
and if social action does not reduce 
birth rares other factors eventually 
will. 

In the absence of social action 
leading to a stabilization of popu
lation size below carrying capacity, 
there are but three options (see Fig. 
2). Human populations could be re-
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duced by the same factors that regu
lated preindustrial populations-dis
ease, war, and starvation-and per
haps crash to something resembling 
preindustrial population densities. 
Human populations could reach a 
carrying capacity set by resources, 
most likely food, and fluctuate in the 
vicinity of this carrying capacity, or 
human populations could substan
tially exceed carrying capacity, lead
ing to irreversible degradation of 
natural resources and a subsequent 
crash in population. 

The definition ofhuman 
carrying capacity 

The concept of carrying capacity 
must be extended beyond its bio
physical components to include so
cial and cultural features when ap
plied to human populations (Daily 
and Ehrlich 1992). While carrying 
capacity may change through time 
due to changes in extrinsic environ
mental conditions, human carrying 
capacity may change through time 
due to human innovation and tech
nology. The concept of human carry
ing capacity must also recognize that 
it is not only the number of people 
that set a limit to human population 
size but also their consumptive hab
its. 

Paul and Anne Ehrlich and John 
Holdren have attempted to clarify the 
concept of human carrying capacity 
by pointing out that the limits to hu
man population size are set by total 
human damage to Earth's ecological 

systems rather than population per se 
(Ehrlich and Holdren 1971, Holdren 
and Ehrlich 1974, Ehrlich and Ehrlich 
1990). They partition environmental 
impact into three factors: population 
size (P), per-capita consumption or 
affluence (A), and environmental 
damage per unit of consumption (T) 
and point out that it is the product 
(PAT) that sets the limit to human ac
tivities. This simple formula recog
nizes that since a typical citizen of a 
rich nation consumes 10-20 times as 
much fossil fuel andother nonrenew
able resources as a typical citizen of 
one of the world's developing na
tions, the overconsumption of re
sources in the more affluent nations 
poses at least as great a threat to the 
welfare of future generations as does 
the sheer size of the human popnla
tion. 

A definition of human carrying 
capacity that implicitly includes 
some of the above concepts was 
given by Allan in 1965. Allan de
fined human carrying capacity as 
"the maximum number of persons 
that can be supported in perpetuity 
on an area, with a given technology 
and set of consumptive habits." This 
is very similar to Roughgarden' s 
general definition of carrying capac
ity ("a measure of the amount of re
newable resources in the envi
ronment in units of the number of or
ganisms these resources can sup
port") except for the addition of the 
phrase "with a given technology and 
set of consumptive habits." Allan's 
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Fig, 3, The relationship between daily energy supply per capita in 1989 and 
crude death rate per 1000 people in 1990 for 119 countries. The correlation 
coefficient is - 0.483, P < 0.001. 

original definition also included a 
second qualifier-"without causing 
environmental degradation"-that we 
have omitted. Allan seems to have 
recognized that all human activity 
causes environmental changes that 
can be viewed as degrading. His 
phrase "supported in perpetuity" irn
plicitly recognizes that human activ
ities must not lead to continued deg
radation that would eventually col
lapse the life support system on 
which human life depends. 

Food as a limiting/actor 
Food is the factor most often men

tioned as setting a limit to human 
population size. Nonetheless, there 
are many who believe that the specter 
of widespread malnutrition and star
vation has been overemphasized. For 
example, consider the following view 
of starvation from the Reagan years: 
"Hunger t6day causes less real hard
ship and death than is commonly 
thought. The numbers of malnour
ished people probably have been 
sharply overestimated, due to 
undercounting of third world crops 
and overestimates of the calories 
needed to nourish many small-but
otherwise-healthy people" (Avery 
1991). Despite claims such as these, 
there is ample evidence that malnu
trition plays a key role in the high 
death rates of some countries, espe
cially of young children (Presidential 
Commission on World Hunger 
1984). To illustrate this point, we 
plot death rate (deaths per thousand 
persons per year) vs. daily energy 
supply per capita using data from the 
125 countries listed in the World De
velopment Report 1992 (Fig. 3). The 
correlation between death rate and 
food consumption is highly signifi
cant (P < 0.001), indicating that an 
increase in per capita food consump
tion of approximately 1000 kcallday 
(4200 kJ!day) is associated with an 
approximately 50% reduction in the 
death rate. 

Food can limit human population 
by the quantity that is produced and! 
or the way that food is distributed. 
There is a biophysical limit to agri
cultural production set by the area of 
arable land, solar energy, and cur-
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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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Fig. 6. (A) The relationship between the percentage of children enrolled in sec
ondary school that are of that age group in 1989 and the fertility rate in 1990 
for lOS countries. The correlation coefficient is - 0.853, P < 0.001. (B) The 
relationship between the percentage of married women of child-bearing age 
that used contraception in 1988 and the fertility rate in 1990 for 50 countries. 
The correlation coefficient is - 0.940, P < 0.001. 
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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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