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The World's Most Polymorphic 
S ' 

Species 

Carrying capacity transgressed two ways 

William R. Catton, Jr. 

B iology is, as Hardin (1986) has 
reminded us, rich with insights 
that indicate a need for a 

"massive restructuring of popular 
opinions." In particular, the supposi- 
tion that Earth is a cornucopia for 
mankind needs serious modification. 
Unfortunately, appropriate opinion 
restructuring is impeded by an inher- 
ent antagonism: although ecologists 
recognize there are limits to ecosys- 
tem sustainability, politicians are pro- 
fessionally compelled to remain deaf 
to suggestions that growth of human 
activities and elevation of consump- 
tion cannot be perpetual. The ecolo- 
gists' time horizons are based on evo- 
lution or succession; politicians' 
horizons are seldom more than two 
or four years away, because they get 
re-elected by encouraging electorates 
to expect them (at least in election 
years) to promote economic growth. 

This article will offer suggestions 
for getting some fundamental ecologi- 
cal insights onto the public policy 
agenda. Specifically, I will try to go a 
step beyond Hardin and make the 
case for remarriage of sociology and 
biology as a means to this end. Al- 
though knowledge of both the eco- 
logical and sociological nature of the 
human species is politically necessary 
to forestall disaster, few national 
leaders yet recognize it. Carrying ca- 
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To model ecosystem 
processes involving 

humans, we must broaden 
the concept 

of polymorphism 

pacity needs to be understood as the 
maximum load an environment can 
permanently support (i.e., without re- 
duction of its ability to support future 
generations), with load referring not 
just to the number of users of an 
environment but to the total demands 
they make upon it. For human societ- 
ies, as for populations of other spe- 
cies, the relation of load to carrying 
capacity is crucial in shaping our fu- 
ture. Public comprehension of the 
concepts of carrying capacity and 
load is both vague and inadequate, 
and the need to correct these deficien- 
cies is urgent. 

Human ecology 
For two reasons, Homo sapiens is a 
species especially likely to transgress 
an environment's sustainable carrying 
capacity. First, humans have an un- 
usually long period of maturation. 
Therefore, sociologists commonly 
view learned culture (rather than bio- 
logical instincts) as the explanatory 
mainspring in accounting for human 
behavior patterns. We must now also 
see that the modesty of an infant's 
demands upon an ecosystem obscures 
the immensity of the load each adult 

may later impose. Second, our cultur- 
al nature enables our wants vastly to 
exceed mere physiological appetites. 

Ecology has long been described as 
the study of interrelationships among 
organisms and their environment. My 
task is to show what special turns in 
such study are required by the special 
nature of human organisms. When 
sociology shuns such biological con- 
cepts as carrying capacity (or distorts 
their meaning in embracing them), it 
ignores important determinants of 
human experience. But unless ecolo- 
gists take the facts of human culture 
appropriately into account, they, just 
as truly, are being unrealistic. Various 
sociologists who have styled them- 
selves human ecologists have purport- 
ed to resolve the differences. Let us 
examine some of their efforts. 

Aware of the central importance of 
the ecosystem concept, Duncan 
(1959, 1961) sought to adapt that 
concept for use in human ecology, 
taking into account two fundamental 
ways in which humans differ from 
other organisms in their ways of en- 
viromental interaction. Humans de- 
velop technology, and humans organ- 
ize into groups more elaborately and 
more variably than nonhuman popu- 
lations do. So to Duncan the human 
ecological version of the ecosystem 
concept seemed to consist of what he 
called an ecological complex compris- 
ing four classes of interdependent vari- 
ables-population, organization, envi- 
ronment, and technology (POET). 

Hawley (1973), reacting somewhat 
sternly to a paper by Odum (1969), 
also insisted on the special nature of 
human involvement with ecosystems. 
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Duncan's "Ecological Complex" 

Hawley's "Mediated" Relation 

P.. LE 

2tmE 

P 

Park's "Social Complex" 
(in an Environment) 

to the conception of human ecology 
put forth by Park, the Chicago sociol- 
ogist credited with first using the term 
human ecology more than 60 years 
ago. Park (1936) differentiated hu- 
man ecology from plant and animal 
ecology by pointing out the need "to 
reckon with the fact that in human 
society [there is a] cultural superstruc- 
ture [that] imposes itself as an instru- 
ment of direction and control upon 
the biotic substructure." Pursuant to 
that difference, Park spoke of a social 
complex comprising three elements- 
population, artifact (technological 
culture), and custom and beliefs (non- 
material culture). In the third part of 

E Figure 1, these ideas are represented 
with the POET notation, and as a 
result the social complex is seen as an 
entity; interaction occurs between it 
and its environment, not just between 
each of its component variables and 
the environment, or between P and E 
mediated by O and T. 

The third model of ecological reali- 
ty is, I submit, superior to either of 
the first two described. For ecosocial 
theory purposes, this representation 
of Park enables us to think of O and T 
as modifications of P (Winner 1986), 
and I propose therefore to construe 
Park's work as recognition of some 
new (ecosocial) taxa, which, without 
waiting for official acceptance of the 
idea by systematists, can be referred 
to as Homo colossus. This article will 
demonstrate the appropriateness of 
this designation. 

Figure 1. Three views of human ecology involving population (P), organization (O), 
environment (E), and technology (T). 

In the second part of Figure 1, I have 
used Duncan's POET notation to rep- 
resent the insistence by Hawley that 
for humans the relation between a 
population and its environment is al- 
ways mediated by the organization 
and technology employed by that 
population. To Hawley this media- 
tion not only seemed to mitigate the 
specificity of environment as a finite 
(local) territory, it appeared also to 
abrogate environmental limits to so- 
cial progress such as were presup- 
posed by the author of the famous 
1798 essay on population pressure, 
Robert Malthus (and seemingly ac- 
cepted by Odum). 

This diagrammatic representation 
of Hawley's idea (using Duncan's no- 
tation), with O and T enclosed be- 
tween two arcs, resembles a lens. 
Thus it seems to reflect Hawley's view 
that organization and technology 
could magnify an environment's car- 
rying capacity. However, as the sym- 
metry of the diagram reveals, it is 
equally plausible to imagine looking 
through the lens from the E side, in 
which case O and T would magnify P. 
Indeed, organization and technology 
have enlarged the resource appetites 
and environmental impacts of various 
human populations. 

Next I applied the Duncan notation 

Prosthetic polymorphism 
With different organizations and 
technologies, one population of hu- 
mans can be a very different sort of 
ecological entity than another human 
aggregate. Accordingly, let us invoke 
the biological concept of polymor- 
phism. It has been defined somewhat 
simplistically by Topoff (1981) for a 
colony of social insects as "the exis- 
tence of individuals that differ in both 
size and structure," and defined more 
generally, yet more precisely, by Ford 
(1955) as "the occurrence together in 
the same habitat of two or more 
distinct forms of a species in such 
proportions that the rarest of them 
cannot be maintained merely by re- 
current mutation." 

Leaving aside the issues of genetics 
and natural selection implicit in 
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Ford's definition, let us consider divi- 
sion of labor, a classic topic in sociol- 
ogy that was recognized as early as 
1893 to be an extension of the biolog- 
ical phenomenon of organic special- 
ization (Durkheim 1933). Division of 
labor arises even in very simple hu- 
man societies, based at least on age 
and sex differences. In modern societ- 
ies it becomes much more elaborate 
(Catton 1985). 

For the task of modeling ecosystem 
processes when humans are involved, 
we need to broaden the concept of 
polymorphism. I propose that the 
possible differentiation of functions is 
limited when it has to depend either 
on biological polymorphism within a 
single species or on genetically based 
differences between the various spe- 
cies cooperating in a biotic communi- 
ty. Human societies have transcended 
these limits, and, ecologically speak- 
ing, what is distinctive about our 
species is that we have substituted 
sociocultural differentiation and tech- 
nology for biological polymorphism 
and interspecific differences. 

This is the way biologists' and soci- 
ologists' views of the special nature of 
the human species ought to converge. 
Among the members of a human la- 
bor force, the polymorphism that 
makes possible a highly ramified divi- 
sion of functions is in the tools rather 
than in the hands that wield them. 
There is polymorphism in the socially 
instilled contents of the brains that 
control those hands and those tools, 
not in the biological structure of those 
brains. 

Machines, tools, and other artifacts 
can be described as prosthetic or- 
gans-detachable extensions of the 
human body. The British Museum of 
Natural History in London has an 
eloquent exhibit on natural selection 
that includes a display comparing 
variations in an organ with variations 
among tools adapted for different 
tasks. It acquaints viewers with the 
ecological significance seen by Dar- 
win in the assorted types of beaks on 
the several species of finches he ob- 
served exploiting different resources 
on the Galapagos Islands (British Mu- 
seum of Natural History Staff 1981). 

To advance the task of modeling 
ecosystem processes in which humans 
are involved, we should therefore 
broaden (in a sociological direction) 
our use of the term polymorphism. If 

we consider an industrial civiliza- 
tion's human labor force not just as a 
population of furless and bipedal 
mammals but instead as a population 
of social complexes (tool-users-mod- 
ified-by-their-respective-tools-and-or- 
ganizational-roles), then it can be 
seen that our species is impressively 
polymorphic. Culture enables Homo 
colossus to be, in this sense, the 
world's most polymorphic species. 

This important ecological implica- 
tion of culture has new significance 
for reuniting sociology and biology. 
Substitution of human sociocultural 
polymorphism for the less diversified 
and much less flexible biological ver- 
sion has important consequences. 
Ecologists and sociologists should 
stress this fact to the public-who 
may then require such understanding 
among elected policy makers. 

Sociocultural polymorphism had 
already been recognized (without the 
label) when Colinvaux (1973, p. 579) 
wrote, "Man alone can change his 
niche without speciating." I prefer to 
speak of quasispeciation, meaning the 
adaptation of various members of the 
one human species to different niches 
by cultural (i.e., technological and 
organizational) differentiation with- 
out recourse to genetic differentia- 
tion. It is by this means that humans 
have in the course of their evolution 
several times succeeded in usurping 
from other species portions of the 
planet's total life-supporting capacity. 
Each time, human numbers increased. 
Now it is essential to see the latest 
episodes of quasispeciation can lead 
to resource scarcity and environmen- 
tal degradation. Colinvaux (1973, p. 
579) recognized that "The time is 
already on us when ... the carrying 
capacity of our living space is not 
enough to provide a broadened niche 
for all men who now exist." 

Traps 
Freese (1985) provides a clear defini- 
tion of a serial trap, further elucidat- 
ing issues raised by the now famous 
description of the commons dilemma 
by Hardin (1968). A serial trap exists 
when resources required by a user 
population are replaced over time at a 
more or less constant rate; replace- 
ment rate is exceeded by use rate; 
resources depletion cumulatively af- 
fects further availability, so that rela- 

tive scarcity intensifies exponentially; 
and as time passes, system degrada- 
tion becomes less and less reversible. 
As Freese notes, serial traps clearly do 
occur in natural ecosystems not under 
human domination. Various species 
in various ecosystems have experi- 
enced the cycle of irruption and crash 
(e.g., birds, caribou; see Remmert 
1980, Welty 1982). But he seeks to 
persuade sociologists that serial traps 
also occur in human-dominated eco- 
systems (Whittaker 1975), and that 
the dependence of industrial societies 
on nonrenewable resources must be 
seen as an example. (By definition, 
the replacement rate for nonrenew- 
able resources must be effectively con- 
stant, i.e., zero, and any nonzero rate 
of use must exceed it.) Modern societ- 
ies have consistently mistaken rates of 
discovery for rates of replacement 
(Pratt 1952, Simon and Kahn 1984), 
entrapment being the result of the 
illusion that all is well if use rates are 
just not yet in excess of recent discov- 
ery rates. 

What political and economic deci- 
sion makers and their constituents 
most need to learn from an ecosocial 
theory is the idea that cumulative 
effects of ecosystem use can make it 
progressively less feasible to retreat 
from an accustomed use pattern back 
to an earlier one after the newer pat- 
tern belatedly comes to be seen for the 
trap it is (see Costanza, p. 407, this 
issue). 

Quite recently, man-machine com- 
binations enlarged the effective envi- 
ronment, but precariously so. Be- 
tween 1930 and 1960, most draft 
animals on US farms were replaced by 
tractors. According to the Office of 
Technology Assessment (1985), this 
released some 20% of US cropland 
from raising feed for animals and 
made it available for growing crops 
for human consumption. Conven- 
tional wisdom accepts this as unmiti- 
gated progress. It is not seen as a trap. 
Ecologists may astutely ask, however, 
what is to happen after humans have 
expanded their numbers or their ap- 
petites in response to the 20% capaci- 
ty increment? If the fossil fuels for 
tractors become depleted and too 
costly, some land may need again be 
devoted to producing biomass fuel 
(either for the tractors or as feed for a 
new generation of draft animals). 

The OTA (1985, p. 19) went on to 
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say, "The increased mechanization of 
farming permitted the amount of land 
cultivated per farm worker to in- 
crease fivefold from 1930 to 1980." 
For purposes of ecological modeling, 
it is as if farm workers (as PTO 
complexes, not just as P) had been 
enlarged by a factor of five; each can 
do five times as much farming as 
could his less colossal grandfather. 
How was this enlargement 
accomplished? 

According to the OTA (1985, p. 
19) report, "The amount of capital 
... used per worker increased more 
than 15 times in this period" and 
furthermore there is now heavy reli- 
ance "on the nonfarm sector for ma- 
chinery, fuel, fertilizer, and other 
chemicals." Clearly, then, the farm 
labor force is not just P; O and T can 
sensibly be viewed as extensions of it. 

But again, we need to recognize as a 
trap this conversion of Homo sapiens 
into Homo colossus. 

Carrying capacity and 
von Liebig's law 
The concept of carrying capacity, if 
correctly understood, can spotlight 
traps. For any use of any environment 
by any population, there is a volume 
and intensity of use that can be ex- 
ceeded only by degrading that envi- 
ronment's future suitability for that 
use. Carrying capacity, the word for 
maximal sustainable use level, can be 
exceeded-but only temporarily. Eco- 
logically, Malthus's main error was 
supposing that it was not possible for 
a population to increase beyond the 
level of available sustenance. It can 
and does happen, but always the 
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Figure 2. Sustainable load: three versions. Load is the product of two dimensions: the 
number of users and the mean per capita use. A sustainable load must not exceed the 
sustained rate of supply, the carrying capacity. An increase along one axis of the graph 
must be compensated by a decrease in the other dimension. All three graphs in this 
figure represent sustainable loads. 

overshoot will be temporary. 
The comparably tragic error of 

Malthus's latter-day critics has been 
to mistake serial traps for progress, 
i.e., to construe technological change 
that facilitates temporary evasion of 
carrying capacity limits as permanent 
elevation (or repeal) of those limits. 
When load comes to exceed carrying 
capacity, the overload inexorably 
causes environmental damage; then 
the reduced carrying capacity leads to 
load reduction (i.e., a crash). 

Ecologists have not made this situa- 
tion clear enough. Too often they 
have embraced the logistic curve 
model for population growth and 
have construed the upper asymptote 
as the best representation of carrying 
capacity (e.g., Emlen 1984). The lo- 
gistic curve does not rise above that 
upper limit, and the limit is represent- 
ed by a constant in the mathematical 
formula. But carrying capacities are 
not constant; they can and do change. 

Political and economic leaders, and 
social scientists, tend to exaggerate 
any recognition that carrying capacity 
is not constant into the supposition 
that it is infinite. The fact that carry- 
ing capacities can be difficult to mea- 
sure cannot exempt populations from 
the consequences of exceeding their 
environments' power to sustain them. 
The human prospect would be 
brighter if somehow these points were 
to be central to the agenda for the 
next superpower summit meeting- 
but of course they won't even be 
mentioned. 

Recently there has appeared both a 
biological and a sociological litera- 
ture alleging an inescapably subjec- 
tive element in so-called carrying ca- 
pacity. It is said that carrying capacity 
ultimately depends on people's value 
judgments (McHale and McHale 
1976, Shelby and Heberlein 1984, 
Wagar 1964). Some imply that, unless 
carrying capacity can be assigned a 
precise value, the concept has no sig- 
nificance. Politicians and industrial- 
ists grasp such straws all too eagerly. 

The antidote to such thinking is 
provided by the relation between the 
carrying capacity concept and von 
Liebig's law of the minimum. Justus 
von Liebig (1842), an agricultural 
chemist, showed that it was the least 
abundantly available nutrient that 
limited the yield a farm could pro- 
duce. It need not be difficult to see 
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why this must be so (and why it can 
be generalized to so many phenome- 
na), given that any organism is a 
complex chemical structure. The 
number of specimens of any organism 
that can be constructed from a given 
assortment of chemical components 
will be limited by the scarcest compo- 
nent. (The principle also can be illus- 
trated with a nonbiological example. 
Imagine a collection of a dozen flash- 
light batteries, five battery cases, six 
reflector and lens assemblies, and two 
three-volt bulbs. The availability of 
only two bulbs will limit to just two 
the number of working two-cell flash- 
lights that can be assembled, even 
though there will be other parts left.) 

With this in mind, let us see why it 
is so misleading to imply or assert 
that the concept of carrying capacity 
is based on value judgment. In Figure 
2a, I have represented carrying capac- 
ity by a circle and load by a square 
(drawn so that its area is equal to the 
area of the circle). Think of the circle 
as the cross section of a pipeline 
through which there is a constant 
flow of some limiting resource. Quan- 
titatively, an environment's carrying 
capacity for a particular life form is 
set (according to von Liebig's law) by 
the continual rate of flow of the least 
abundantly available necessary re- 
source. The load is clearly the product 
of two dimensions: the number of 
users of that limiting resource multi- 
plied by the mean per capita rate of 
use. The point is this: a sustainable 
load is a load not exceeding the sus- 
tained rate of supply. 

Clearly, the load may have different 
shapes and still be compatible with 
carrying capacity. Instead of the sche- 
matic square we may substitute a 
vertical rectangle (Figure 2b), repre- 
senting an increase in the number of 
users, and a commensurate reduction 
in per capita mean use of the limiting 
resource. As long as the area of the 
rectangle remains no larger than the 
area of the circle, we have a represen- 
tation of a sustainable load. Alterna- 
tively, we could have a horizontal 
rectangle (Figure 2c), where per capi- 
ta use level has increased and the 
trade-off enabling the load to remain 
sustainable is a reduction of user 
numbers. 

From these comparisons what is 
most vital to note is that the question 
of a load's sustainable magnitude is 
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Figure 3. Ecosystem-damaging overloads. If one dimension of the load increases 
without compensatory decreases, the overload diminishes the carrying capacity. Loss of 
carrying capacity is represented by the shaded area of the circle. 

an objective ecological issue, not a 
value question. The question of which 
trade-off is preferable to its alterna- 
tive is a value issue. Choosing wheth- 
er to increase the user population at 
the cost of lowering its standard of 
living or to raise affluence at the cost 
of population reduction depends on a 
value judgment. But it is a serious 
mistake to suppose this denudes car- 
rying capacity of any objective 
meaning. 

The importance of avoiding such 
erroneous thinking becomes clear 
when we imagine increasing one di- 
mension of load without the trade-off 
on the other dimension (Figure 3). If 
population growth continues so that 
a maximum sustainable load has an 
overload added to it, habitat damage 
takes a bite out of carrying capacity. 
Likewise, if per capita use rises be- 
yond the level prevailing in an already 
maximal load, and there is no trade- 
off reduction of user numbers, the 
overload must again result in habitat 
damage and carrying capacity 
reduction. 

The normative questions that have 
led some analysts to declare carrying 
capacity a useless concept have to do 
with questions of equity rather than 
of sustainability. Neither biologists 
nor sociologists should confuse the 
two. Political disagreements as to 

what constitutes equitable allocation 
of finite resources should not obscure 
the fact that nature exacts penalties 
when loads exceed carrying capacity, 
whether the excess comes on the ver- 
tical or the horizontal dimension. 

Actually, the human load has been 
expanding on both dimensions. The 
number of humans on Earth has in- 
creased enormously since prehistoric 
times. Also there has been great tech- 
nological progress over the millenia, 
especially in the last two centuries. 
We are not yet accustomed, however, 
to putting these two items of knowl- 
edge together and recognizing the 
two-dimensioned enlargement (or the 
enormity of that enlargement) of the 
human load, nor have we come to 
terms with its ecological implications. 

Homo colossus 
This two-way expansion of the hu- 
man load is represented graphically in 
Figure 4. For many warm-blooded 
species, to maintain life with no gain 
or loss of body substance an animal 
needs average daily food energy in- 
take of 

w3/4 70 Kcal 

where w = body weight in kilograms 
(Kleiber 1947). Applying this formula 
to size estimates for various cetacean 
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Pre-lndustrial 

estimated 
per capita 
energy use 
(kcal/day) 

number of 
users Cetacean equivalent 

Homo sapiens 
35000 B.C. 2,584 3,000,000 Common Dolphin (Delphinus delphis) 

8000 B.C. 4,686 8,000,000 o _ 
Atlantic Humpbacked Dolphin (Sousa teuszii) 

1500 A.D. 11,013 350,000,000 ... 
Risso's Dolphin (Grampus griseus) 

Industrial 
Homo colossus 

1800 A.D. 12,606 970,000,000 
Belugo Whole (Delphinapterus leucas) 

1986 A.D. 31,816 5,000,000,000 _ 

Long finned Pilot Whole (Globicephala malaena) 

???? A.D. (world, 202,744 ?,000,000,000 
all at U.S. level) 

Sperm Whole 
(Physqter macrocephalus) 

ii . ii 

1,1.1,1,1,1 1 I I I I I I I I I I I I 
5 10 Meters 0 zu 

Figure 4. The changing human load, as represented in cetacean equivalents. Over the last 37,000 years, not only has the number of 
humans increased, but also the amount of energy each consumes. Once each person used approximately the same energy as a 
common dolphin; today in the United States the average person uses as much energy as a sperm whale. How many such Homo 
colossus can Earth support? 

species (Gaskin 1982, Minasian et al. 
1984) and to estimates of human 
exosomatic energy use plus food in- 
take (Catton 1986) enables us to se- 
lect particular dolphin or whale types 
to represent various stages in the evo- 
lution of Homo sapiens into Homo 
colossus. (It is cultural evolution, not 
biological evolution, we thus 
represent.) 

The human load to be supported 
by the ecosystems of the world has 
not just grown from 3 x 106 individ- 
uals in 35,000 B.C. to 5 x 109 equiva- 
lent individuals today. Each of those 
three million hunter-gatherers was 
the energy-using counterpart of a 
common dolphin (Delphinus del- 
phis), whereas each of today's 232 
million Americans matches the energy 
use of a sperm whale (Physeter 

macrocephalus). 
Projecting that all humans can 

someday be as industrialized as 
Americans have become (Kahn et al. 
1976) is equivalent to imagining a 
world populated by five billion sperm 
whales. It reflects woeful ignorance of 
the ecological consequences of cultur- 
al polymorphism. Such is the folly 
implicit in declaring that "the term 
carrying capacity has by now no use- 
ful meaning" (Simon and Kahn 1984, 
p. 45). 

We urgently need widespread dis- 
semination of the fact that carrying 
capacity is not infinitely expandable. 
The time has come when "tragic 
choices" must be acknowledged (Ca- 
labresi and Bobbitt 1978); in the 
world as it is and is going to be, 
human loads can grow on one axis 

only by shrinking on the other axis. 
Otherwise our legacy to posterity will 
be reduced carrying capacity and the 
human suffering that it will entail. 
Anyone wishing for a more humane 
and happier future should strive to 
spread ecological literacy. Those who 
aspire to leadership positions should 
be required to demonstrate that they 
understand the load and carrying ca- 
pacity concepts. 
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