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PREFACE
My thesis represents the culmination of several 

years of research and frustration concerning the regulation 
of population size in organisms with complex social 
behavioro The problem has not been well, documented 
by ecologists; only the case for small mammals has been 
studied in detail« For our own species, the problem is 
even more poorly understood. Anthropologists have 
borrowed the controversial idea of self-regulation from 
biology without understanding the limitations of the 
theory or their evidence. The idea for computer 
simulation arose from this need to carefully reanalyze 
the research done in the past several decades. POPREG 
represents the start of this examination into the 
demography of small human populations.

My research has been conducted under the direction 
of T. Patrick Culbert of the Department of Anthropology. 
John Angle of the Sociology Department provided comments 
on POPREG I, while H. Bleibtreu and J.S. Dean provided 
many helpful suggestions. I would also like to 
acknowledge the work of V.C. Wynne-Edwards, whose 
controversial work brought out the need for this study.
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y ABSTRACT

Self-regulation, of human populations has been 
proposed by various authors even though no biological or 
cultural mechanism has ever been established. POPREG, a 
computer simulation of demography in small human popula
tions, demonstrates the need to examine both internal and 
external variables in terms of their regulatory potential. 
This is illustrated by POPREG I , an examination of 
Rappaporfs (1968) model of self-regulation through ritual 
warfare among the Maring of New Guinea. External factors, 
such as disease, are shown to play an overwhelming 
role in population regulation in this case.

Theoretically, a model of population regulation 
must include analysis on the level of the individual, 
the social group, and the community. POPREG II is used 
to examine the many variables that affect fertility and 
mortality on these three levels. The model is validated 
with a well-documented ethnographic example to ascertain 
the value of the method. It is then applied to the 
archaeological record, where it is used to demonstrate 
the limitations of demographic archaeology.



CHAPTER 1

INTRODUCTION

The realization that world food supplies are 
dwindling in the face of rapid population growth has 
stimulated renewed interest in the doctrine of Maithus 
(Wrigley 1969s Mayer 1976$ Wortman 1976; Pimentel and 
Pimentel 1979s Pearson 1980), The solution to the approach
ing food crisis is usually cast in technological terms.
Most global systems models focus on the response of 
population growth rates to changes in industrial output, 
food production, and resource use (Meadows et al= 1972; 
Meadows and Meadows 1973s Meadows et al. 197^)- Forrester 
(1973 a»b), among others, notes the myriad of problems 
inherent in social responses to fluctuations in the world 
economy; short-term decisions, for example, often conflict 
with long-term needs and consequences. Hence, an 
understanding of modern demographic trends requires 
knowledge of population growth and the mechanisms of 
regulation over an extended period of time; the problem 
involves not only cultural concerns, such as economics, 
but biology as well (Hutchinson 1978; May 1978).
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2
The interrelationships between technology and 

reproduction are non-linear. Thus» it is still not clear 
whether population growth is a result of increased 
productivity (Childe 1944, 19515 Deevey i9605 Braidwood 
i960, Pimentel and Pimentel 1979) or a cause of • 
change (Boserup 1965; Binford 19685 Flannery 1969;
Spooner 1972; Cohen 1975, 1977; Bronson 1977)» Furthermore, 
while many demographers cite increased industrialization 
as the key to lowering fertility through a "demographic 
transition," others note several alternative patterns of 
development (Cowgill 1970; Meadows and Meadows 1973;
Mayer 1976; Cox 1976; Brown 1977)» Obviously, human 
reproduction is poorly understood; estimates "point to a 
roughly ninefold increase in the time spent having menstrual 
cycles by females in modern societies, which is something 
quite outside our previous evolutionary experience 
(May 1978:495)."

Population growth and regulation are two aspects of 
demography that are particularly relevant to questions 
concerning such long-term trends. Mathematical models 
clearly illustrate the tremendous reproductive potential 
of the human species, as well as the effects of physical, 
biological, and cultural constraints upon it.

Consider population growth in an organism with 
discrete generations, such as an annual plant. If Rq is



the number of female offspring that survive during the year, 
then

Nt+1 = EoNt*
where Nt is the population size at time t,

Nt+1 is the population size 1 year later,
R0 is the net reproductive rate.

If R0 is constant and greater than 1.0, the result is
geometric increase in N without an upper limit (figure la).

Calculus provides a more useful approximation for
human populations; assuming overlapping generations and a
continuous breeding season, the growth function becomes

§  - *<»)•

As Lotka (1925) states, this function can be represented 
as a Taylor Series expansions

= a + bN + cN2 + dN3 + . . ..

To be biologically relevant, however, assume all individuals
come from at least one parent. This sets the first term 
equal to zeros

|| = bN + cN2 + dN3 + ...

Exponential growth is just an approximation of the function 
with only one terms

dN
dt = bN,

where N is population size,
b is the intrinsic rate of increase,



After integrating and substituting the familiar "r" for 
"TV the equation "becomes

Nt = e rtN0,

where Nt is the population size at time t,
N0 is the initial population size, 
r is the intrinsic rate of increase«

If food resources increase arithmetically, a growing popu
lation will quickly use the available reserves« According 
to Maithus (1798), the point of intersection of the two 
curves (figure lb) leads to "misery," "vice," or death 
until the population/resource ratio is made more favorable. 
This is generally considered equivalent to the concept of 
carrying capacity (but see Hutchinson 1978), which can be 
discussed in terms of the previous equations.

With discrete generations, equilibrium occurs when 
Rq is 1.0. Population size can be understood in terms of 
deviations from this level (Krebs 1978)s

x - N -

In the simplest case, the net reproductive rate, RQ is a 
decreasing linear function of these deviations. Using the 
equation for a straight line,

R0 = -mx + b = -m(N - + 1.0,

where -m is the slope of the decreasing linear 
. function,
x is the deviation from equilibrium, 
b is the y intercept, the value of R 
when the deviation is 0=
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Figure 1. Models of geometric population increase.
(a) Case with discrete generations and constant 
reproductive rate. If R0 is greater than 1.0, 
the population increases geometrically without 
an upper limit. (Adapted from Krebs 1978)
(b) Malthusian interpretation of population 
growth. Resources increase arithmetically, 
limiting human population size.



Substitution in the discrete growth equation yields

Nt+1 = RoNt = (-m ( N  - "equilJ + 1-0)Nf
This solution can be analyzed in terms of m «
(Maynard Smith 1968)= A value between 0 and 1 approaches 
equilibrium smoothly, while values between 1 and 2 yield 
convergent oscillations. If m » exceeds 2, the
fluctuations increase (figure 2). The regulation of all 
populations must be considered in terms of these three 
conditions.

The case for overlapping generations is similar. 
Incorporating two terms of the Taylor Series into the 
analysis and substituting (-b/K) for the constant c yields:

dN .= bN + cN2 = bN + (- $)N2 = bN(%^)dt “ "  “ u“- x K' . ~ K
where N is population size,

b is the intrinsic rate of increase,
K is the carrying capacity.

The solution, after substituting r for b, is the familiar.
logistic curve (figure 3a)s

Nt = K ,

l+ea-rt
where a is the constant of integration, 

t is time.
Like the unlimited exponential curve, growth is proportional 
to the intrinsic rate of increase and population size. 
However, there is an additional term, (K-N)/K, that reflects 
the portion of the environment not utilized by the 
population.
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Figure 2. Population growth with an upper limit.
Reproductive rate decreases as a linear 
function of population size. N is
100; see text for explanation. q 
(Adapted from Krebs 1978)



As Poole (197^) and Pielou (1977) point out, 
the logistic makes several assumptionss

l o  The population is relatively large.
2. The age distribution is stable.
3= The environment is constant.
4. Crowding affects all members of the population 

equally.
5<> The effects of crowding are observed at all densities.
6. Mating success is independent of density.
7. The rate of increase responds to density 

without any time lags.
It is, therefore, useful to consider the logistic as a
family of curves (May 1976); several different approaches
will be used to examine the effects of relaxing these
assumptions. For example, the presence of time lags
modifies the previous equation in the following manners

M  = ^ f K-Nt-T) dt - r m — g  '

where T is the response time to a stress.
This means that the negating effects of (K-N)/K are not 
based on the population size at a given time, N^, but on a 
previous population size, N^_^. Cunningham (1954) has 
analyzed the solution in terms of the product r 0 T.
Values between 0,7 and 1.8 yield damped oscillations; more 
violent fluctuations are observed when the product exceeds 
1.8. These results, graphed in figure 3b, are the basis 
for the controversy over population regulation. While the 
time-lag logistic describes changes in the growth function,
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(a)

N

time

(b)

N/K

3
2.00

1.00 1.40
1
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Figure 3« Logistic growth curves.
(a) Logistic curve with K as the upper 
limit to growth, or carrying capacity.
N is population size.
(b) Time-lag modification. Population 
size is listed as the proportion of the 
carrying capacity. Values are for the 
product of r, the intrinsic rate of 
increase, and T, the response time. 
(From Cunningham 195^)
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it does not explain the mechanisms that actually operate 
to limit numberso

The focus of much current research is the various 
cultural and biological mechanisms that regulate human 
populationso According to some» primitive and peasant 
societies have the ability to restrict growth to levels 
below that which would lead to environmental deteriora
tion. Birth spacing, nutrition, female infanticide, 
taboos, marriage practices, and ritual cycles have all 
been mentioned as self-imposed measures of restraint 
(Rappaport 1968, 1971a,b, 1979c5 Stott 1969; Hayden 1975s 
Thomas 1975s Harris 1977« 1979s Netting and Elias, n.d.). 
Biological support for these proposals comes from the 
notion of "self-regulation," a process where organisms 
are able to control their own rates of increase through 
territoriality, dominance hierarchies, or other group 
characteristics, as well as physiological responses to 
overcrowding (Calhoun 1948, 1962; Chitty 1955, I960,
1967, 1977s Wynne-Edwards 1962, 1963, 1964, 1965? 
Christian, Lloyd, and Davis 1965s Tamarin 1978, 1980).

Opposed to this is the "external"school, which 
assumes that extrinsic variables, such as food supply, 
predation, weather, disease, or shelter, control popula
tion levels. The controversy has led to the establish
ment of an artificial dichotomy in the literature* Some
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deny the validity of internal regulatory mechanisms 
(Lewontin 1970? Bates and Lees 1979)» while others consider 
it a possibility for humans but not other species 
(e.g., Alexander 1977)= The results of a recent symposium 
on self-regulation were inconclusive? Cohen, Malpass, and 
Klein (I980sxi) admitted disappointment at their inability 
to arrive at a conclusion more definitive than the fact 
that "some cues and some responses can be identified for 
some populations of some species under some conditions 
(authors* emphasis)=" There is a notable lack of 
perspective on the extent of extrinsic and intrinsic 
controls in natural populations. This becomes amplified 
in human systems where cultural processes may act 
independently of biological controls. POPREG, a computer 
simulation of population growth and regulation in human 
societies, is an attempt to clarify the relevant 
parameters.

The need to examine both internal and external 
variables is demonstrated by POPREG I. Following a brief 
historical interlude, in which the biological basis for 
human population regulation is discussed, the simulation 
is applied to an anthropological example of such population 
control. Using Rappaport* s (1968) model of self-regulation 
through ritual warfare, the simulation shows that internal 
processes cannot be isolated from their environmental
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contexto The conclusion, that disease plays an 
overwhelming part in the control of this population, 
provides the background for the ensuing synthetic model.

The complexities of the human problem are 
illustrated by POPREG II, a more detailed analysis of 
human demography. The model is tested against data from 
a well-documented ethnographic example to ascertain its 
predictive value. Finally, POPREG II is used to explore 
the possibility of self-regulation in human societies, 
as well as the relevance of demographic anthropology 
to current Malthusian interpretations of world population 
growth»



CHAPTER 2

POPULATION REGULATION FROM A BIOLOGICAL PERSPECTIVE

The study of population regulation can be traced 
to entomologists concerned with pest control. Many of the 
early studies (e.g., Howard and Fiske 1911; Uvarov 1931) 
stress the importance of extrinsic regulation through 
variables such as weather, parasitism, predation, disease, 
and starvation. The effects of these variables remain 
a subject of some debate. Factors which tend to stabilize 
numbers around the equilibrium point are generally 
grouped under the label density-dependent 5 density- 
independent regulators remove a certain percentage of the 
population without regard for the actual size of N. As 
Andrewartha and Birch (1954) point out, however, 
protection from such density-independent factors as frost 
would depend on the number of sheltered sites available; 
hence, the independence of these variables does not exist. 
Others object to the terms because they are frequently 
associated with an artificial distinction between 
biological and physical effects on population size 
(Ricklefs 1973)» The point is that regulation must be 
considered for each specific case 5 life history patterns 
of the organism under study will determine how a

13
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particular variable affects N (Lwontin 19^5» Pianka 
1972; Bell 1976; Stearns 1976, 1977? Calow 1978).

One.of the evolutionary implications of the 
classical external regulatory model is that populations 
controlled by density-independent factors tend to 
fluctuate greatly. Short lifespans, early maturation, 
and greater numbers of small young are found in such 
"r-selected" species; growth curves tend to follow the 
aforementioned exponential curve. Human populations, 
according to this model, are "K-selected," following 
a logistic curve in which density-dependent processes 
lead to longer lifespans, late maturation, and fewer, but 
larger, offspring. This deterministic approach ignores 
specific traits of the life cycle, such as number and 
size of the offspring, as well as age-specific fertility 
and mortality (Stearns 1976).

The stochastic life history model focuses on the 
interactions of reproduction and behavior; hence, 
variability within populations is stressed. A classic 
example is provided by the Western Tent Caterpillar 
(Wellington 1957, i960, 1965), which produces larvae that 
appear "active" or "sluggish." Active forms construct 
more and larger tents than more sluggish forms due to a 
greater food content in their eggs; they also develop 
faster and forage over a wider area. While the female 
moth lays a constant number of eggs, the reserves put
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into each egg depend on her food intake as a caterpillar«
Not only is a time delay important in this system, but 
regulation of the brood size is based on food availability 
during the previous year. Further research has incor
porated the effects of plant-animal interactions 
(Tamarin 1978)? the point, however, is that individual 
variation must be taken into account. Krebs (1978) points 
out that much of the early work on regulation stresses 
control in insect populations which, Wellington's studies 
notwithstanding, seem to be primarily regulated by forces 
outside the population. Tanner' s_ (1966 $ 7^2) review of 
growth rates in animal populations illustrates the 
controversy that arose once vertebrates were studied in 
details

Nonterritorial species like fish and deer are 
normally regulated by predation on juvenile 
individuals... In small rodents and possibly in 
hares, population regulation results from lowered 
reproductive rates produced by endocrine distur
bances stimulated by overcrowding. The numbers of 
territorial species are determined by competition 
for suitable territories.

Some vertebrate populations appear to be regulated 
by the aforementioned external variables. Lack (195^, 1966)'

focuses on the role of food availability in birds; Cheaturn

and Severinghaus (1950) note similar effects on the

reproductive potential of White-tailed Deer. In social

animals, however, the mechanisms are complicated by the
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problems of maintaining optimal sizes within groups, as 
well as the overall density (Ricklefs 1973)$ the "self- 
regulatory" school of thought concentrates on these 
intrinsic variables believed to control population size 
in such species.

Self-regulation has been a subject of much debate 
because of its evolutionary implications. The most 
controversial member of this school is Wynne-Edwards, who 
argues that certain behaviors, such as territoriality and 
dominance hierarchies, arise by means of "social selection" 
among groups. Social behaviors, according to his theory, 
evolve within the context of isolated populations. 
Furthermore, group behavior is "epideictic," providing 
individuals with information about the group's density. 
According to Wynne-Edwards (1962), a surplus of individuals, 
such as that expected by the Malthusian interpretation 
of growth, will not occur. Organisms will automatically 
curtail reproduction for the benefit of the population. 
Selection will then operate to remove those groups that 
overproduce; such populations go extinct as a result of 
overexploitation of their environment (Wynne-Edwards 1962, 
1963, 1964, 1965)0

The population growth curves discussed in the 
previous chapter illustrate the differences between these 
two schools of thought. The daily, seasonal, and yearly
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fluctuations in environmental parameters combine with 
local and regional variation to rule out the "ideal" 
logistic curve as a model of external regulation in field 
situations (figure 4). Some variation of the time-lag 
logistic can represent population increase in many cases. 
Indeed, as Hutchinson (1978) notes, the ideal logistic 
curve assumes that no restrictions exist concerning periods 
of mortality or breeding; alternative growth patterns can 
be modeled with finite difference equations or some other 
variation of the logistic, as well as with special functions 
for organisms having complex life cycles. Although the 
form of the curve does not explicitly denote the 
regulatory mechanism, it is clear that the unmodified 
logistic will rarely, if ever, be expected in natural 
populations controlled by external factors. As Odum 
(1971) notes, however, this ideal form can be proposed as 
a reasonable model of a self-regulatory system. If a 
population is made aware of its density through social 
behavior, the rate of increase will be controlled more 
precisely. One would expect natural selection to improve 
the quality of the sensor over time; the logistic would 
be the result. Clearly, these two models would be 
difficult to distinguish in the field; Odum's (1971) 
interpretation does illustrate the theoretical expectations 
of each.
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Figure 4. Models of population regulation.
(a) growth curves for regulated and self

regulated populations.
(b) energy-flow diagrams (after Odum 1971)•

N = population size, r = intrinsic rate 
of increase, s = population "sensor" and
e = external variables that affect growth.
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Wynne-Edwards* proposals have come under strong 

attacks his argument for group selection assumes a degree 
of genetic isolation not observed in nature (Mayr 1963s 
Wiens 19665 Williams 1966, 1971)° Progress has been made 
on the subject of interdemic selection (e.g., Lewontin 
1962, 1970; E.O. Wilson 1975$ Levins 1975; Gilpin 1975;
D-So Wilson 1975, 1980; Wade 1979)» but its validity in 
natural populations remains unclear. Wynne-Edwards (1977) 
now admits that the conditions required for selection at 
the population level are difficult to demonstrates 
nevertheless, the explanation of several "group traits" 
requires further analysis, possibly along the lines of kin 
selection and reciprocal altruism (Hamilton 1964, 1970, 
1972; Trivers 1971, 1972; Maynard Smith 1975; E.O, Wilson 
1975; Alexander 1977s Sherman 1977, 1980),

Self-regulation is often dismissed at this point 
because of the difficulties with the concept of group 
selection (Lewontin 1970)5 however, there is a long 
tradition of intrinsic models that are more consistent 
with neo-Darwinian views. Here, the focus is on the rela
tionship between genes and behavior (Birch i960; Orians 
1962); social traits are consequences of individual 
selection.

The basis of these models is that density 
differentially affects the reproductive behavior of 
individuals. In contrast to the concept of
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density-dependence, which assumes similar individuals
respond to changing environmental conditions, these
self-regulatory models focus on individual variability
without environmental fluctuations (Chitty 1955)»
Calhoun (1948, 1962) studied populations of rats housed
in pens specifically designed to measure behavioral effects
of overcrowding. He found that females in densely
populated pens progressively lost the ability to build
adequate nests and frequently lost track of their offspring.
Increased levels of stress took a high toll from these
animals, while infant mortality increased as a result of
poor maternal care. Dominant males were the most normal
individuals, but subordinate males were often "pansexual,"
"loners," or hyperactive "probers (Calhoun 1962)."
Similar laboratory studies (Christian and Davis 1964)
support these findings. Social stress caused by
overcrowding can lead to abnormal psychological and
physiological responses,

collectively referred to as the 'general adaptive 
syndrome's (a) the adrenal glands enlarge 
considerably in size, (b) growth and reproduction 
are curtailed in both sexes, (c) sexual matura
tion is delayed or totally inhibited, (d) sperma
togenesis in the male is delayed, (e) the estrus 
cycle of the female is prolonged and rates of 
ovulation and implantation are diminished,
(f) mortality of embryos within the uterus is 
greatly increased,,., (g) lactation is often 
inadequate, leading to stunting of the young at 
weaning, and (h) susceptibility to disease may 
increase... (Ricklefs 1973*498)



The problem is whether or not such qualitative 
differences can be tested in natural populations« Chitty 
•(1955s I960, 1967» 1977) has proposed a model based on 
genotypic and behavioral changes in voles which exhibit 
cyclical fluctuations in population size. It has been 
difficult to link the necessary alterations to the proper 
stages of the cycle 5 furthermore, at least six different 
hypotheses have been posited for population dynamics of 
these microtines (see Krebs and Myers 1974; Finerty 1976). 
It is clear that stress can affect reproduction and that 
overcrowding can lead to abnormal behavior. It is not 
clear why these internal factors cannot be linked to 
external variables. Ricklefs (1973:498) objects to the 
Christian-Davis model on the grounds that "curtailment 
of reproductive activity under conditions of extreme 
social contact can hardly be explained on the basis of 
individual selection." As Chitty (1967) states, however, 
individual behavior that decreases one's own fitness will 
be selected if this behavior decreases reproduction in 
others to an even greater extent. A synthesis of these 
two schools of thought is not only possible, but 
necessary.



CHAPTER 3

THE HUMAN PROBLEM

The study of regulation in human societies 
compounds the problems of social mammals with the 
complexities of culture. While population data for our 
species are far more complete than for other organisms, 
demographers focus on the social, political» and economic 
factors that influence birth and death rates„ rather than 
the interactions among the cultural and biological 
variables (e.g., Overbeek 1977? Zito 1979)- Hence, food 
is treated as an "internal" variable, being a product of 
agricultural technology; the causes and consequences 
of the transition from gathering to cultivation, 
domestication, irrigation, and other farm practices are 
oversimplified. Climate is analyzed, but only indirectly 
through its effects on productivity, while disease in 
developing countries is often treated as a post-contact 
"epiphenomenon." In short, demographers tend to focus on 
trends in an industrial world, making certain assumptions 
about past demographic patterns. Their goals for the 
future include "a return to the equilibrium conditions" 
thought to exist in primitive societies (e.g. Forrester 
1973a,b), though the evolutionary and historical basis

22
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for such equilibrium models is unproven» Future plans 
cannot be made accurately or precisely if our understanding 
of the past is fallacious.

Investigations of the processes underlying
demographic patterns did not begin until fairly recently.
Before the writings of early anthropologists (e.g., Tylor
I87I5 Morgan 18?7)» speculations about the past were
solely based on philosophical and political viewpoints,
seen in the works of Hobbes, Rousseau, and others
(see Hutchinson 1967)° The early anthropologists tried to
reconstruct prehistoric trends, but they did not approach
the question systematically. The data, made up of
second- and third-hand reports of explorers and
missionaries, were forced into pre-conceived models.
Carr-Saunders (19228222-23) illustrates some of the biases
that still persist among some anthropologistss

Everywhere groups of men are, as we have seen, 
confined to definite areas. Among the few things 
which the men composing these groups do know with 
accuracy are the limits within which their food 
must be obtained. Further they co-operate in the 
search for food. It follows, therefore, that 
within any such area there is - an optimum number...
Now men and groups of men are naturally selected 
on account of the customs they practise just as 
they are selected on account of their mental and 
physical characters... Few customs can be more 
advantageous than those which limit the number of 
a group to the desirable number, and there is no 
difficulty in understanding how,,. it would by a 
process of natural selection come to be so practised 
that it would produce an approximation to the 
desirable number.



While anthropologists since that time have improved the 
general quality of the data, little effort has been made 
to articulate external and internal variables with popula
tion parameters. Mechanisms, such as ritual cycles, 
infanticide, territoriality, stress, and workload have 
been proposed without fully examining the consequences 
(Stott 1969» Lee 1972, 19805 Hardestey 19775 Bates and 
Lees 1979)- Unfortunately, archaeological data, though 
of the proper time scale, is of little help; Harpending 
and Bertram (1975) point out that the archaeological 
record would not detect high-frequency periodicity 
essential for detailed demographic analysis.

Modern primitive and peasant communities provide 
the best data base5 however, even when cultural 
anthropologists collect enough demographic information, 
they rarely place the society in its proper environmental 
and social context. POPREG I, a simulation of regulation 
among the Maring of New Guinea, not only demonstrates 
many of these ethnographic problems, but also illustrates 
the need to synthesize extrinsic and intrinsic variables 
into a single conceptual model.

Ritual Regulation in a Tribal Society
In his studies of the Tsembaga Maring, Rappaport 

(1968:4) proposes a model of population regulation 
through a ritual cycle consisting of ceremonies and
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warfare occurring every 10 to 15 years?

The systematic relationships described in this 
study are more than regulated; they are self
regulated = The term self-regulation may be applied 
to systems in which a change in the value of a 
variable itself initiates a process that either 
limits further change or returns the value to a 
former level. This process, sometimes referred to 
as 1 negative feedback,' may involve special 
mechanisms that change the values of some variables 
in response to changes in the values of others,

Ritual is described by Rappaport as a set of 
mechanisms that link the Maring with their plant and 
animal world (figure 5)° Briefly, the cycle reduces 
competition between pigs and people for land and food, 
protects the forests from overuse, regulates the consump
tion of protein, and controls the distribution of people 
over land and land among people (Rappaport 1968, 1971a» 
1979a), The cycle is triggered by the population density 
for humans and pigs; the number of swine required to 
initiate the kaiko, or pig feast, decreases as the human 
population increases. Underlying these ecological 
relationships must be some mechanism of human population 
control. While Rappaport (1968) admits that the kaiko 
cannot prevent the number of people from exceeding the 
local carrying capacity, he also notes that this limit 
to growth "indicates ranges of values within which 
variables must remain if the system is to endure (1968:97) 

This model has been criticized on several counts, 
including the validity of the concept of carrying capacity,
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Figure 5= Maring ritual cycle.
Brief summary of ritual cycle (after Rappaport 
1968, 1971a)o When pigs and human population 
are high, labor input and pig depradations 

- - lead to internal stress. Ritual war with
another tribe is said to relieve stress and 
regulate population size, maintaining a 
balance of nature within the Maring ecosystem.



as well as the collection of nutritional data (Street 
19695 Vayda 1971? BuchMnder 1973, 1977? Moylan 1973; 
McArthur 197^? Brush.1975? Alland 1975? Donnelly 1975? 
Hayden 1975? Hardestey 1977)= None of these critics, 
however, focus on the obvious demographic consequences of 
post-contact epidemics, Both Rappaport (1968) and 
Buchbinder (1973) mention that dysentary and measles 
swept through the region in the 1940's, while other 
epidemics affected the population in the i960's„

Figures 6 and 7 give the age distribution for the 
Simbai Valley between 1966 and 1974° Epidemics tend to 
affect the young and old, as well as those women of 
reproductive age who are pregnant or lactating. A 
comparison of the 0 - 15 age brackets of 1966 and 1974 
shows that the population was starting to recover from 
the nutritional problems of the I960's. Furthermore, the 
25 - 4o age brackets in 1966 appear under-represented; 
these people would have been in the age groups hit hardest 
by the diseases of the 1940's. Substantiation of this 
claim comes from Clarke's (1971) studies of the Bomagai- 
Angoiang of the Ndwimba Basin, a day's walk from the 
Simbai Valley (figure 8), One must ask whether ritual 
warfare has any effects on population size and density 
after these external variables are taken into account; 
POPREG I examines this question.
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Figure 6. 1966 Maring census.
Note the effects of the epidemic during 
the 19^0's on the 25 - 40 age cohorts, 
as well as the effects of the epidemics 
and health problems among the young. 
(After Buchbinder 1977)
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Figure 7• 1974 Maring census.
Note that the youngest age group is 
larger than it was in 1966; however, 
those groups that were reduced in 
the 1966 census will continue to 
affect the age distribution and the 
population growth rate.
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Figure 8. Age and sex distribution among the Bomagai 
Angoiang.
Note the effects of the epidemic of the 
1940's. (After Clarke 1971)
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POPREG Is A Simulation of Ritual Warfare
As Johnston and Albers (1973 * 205) point out,

computer simulations serve two basic functions:
First, they may predict the behavior of a system 
prospect!vely, leading to operational decisions, or 
retrospectively, leading to historical reconstruc
tions - Second, they may be used in a synchronic 
sense to study the effects of interactions among 
components by means of 'experimental' manipulation 
of the parameterso

When the system under investigation comprises several
subsystems with multiple, non-linear relationships among
the variables, simulations can be a valuable tool for
examining the operational mechanisms (Emshoff and Sisson
1970? Dutton and Briggs 1971)•

Simulations of human demography have generally
focused on long-term trends in populations with a stable
age distribution; Shantzis and Behrens (1973) make this
assumption in their analysis of the Tsembaga ritual cycle.
A few simulations have focused on the problem of short-term
fluctuations in small populations. At first, these models
attempted to reconstruct and clarify ethnographic patterns
(e.g., MacCluer, Neel, and Chagnon 1971); other studies
have asked specific questions about genetics, mating
systems, and economics (e.g., Skolnick and Cannings 1972,
197^; Jacquard and Leridon 1974; Angle n,d.).

POPREG I is set up in four partss start parameters,
case generation, annual demographic change, and ritual
warfare (figure 9)« Rather than simulating population
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Figure 9* Simplified flow chart for POPREG I.
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growth from group dynamics, the model follows the more 
detailed approach outlined above - This permits a degree 
of flexibility not seen in simulations based strictly on 
population statistics5 kinship data, economic status, and 
other variables can be easily added to each person's file. 
Thus, the fate of particular individuals can be followed 
through time.

Individuals are organized into groups - territorial 
villages in this case. Population growth is monitored 
by passing information between simulators one and two; 
annual changes are recorded for each village, as well as 
the entire population. To understand the demographic 
effects of the ritual cycle, warfare of different 
intensities is simulated at various stages of population 
growth. Before discussing the results in detail, the 
sources of data used in the study will be outlined.

Estimating Start Parameters
Start parameters include demographic data from 

Rappaport (1968), as well as Buchbinder's (1973» 1977) 
research in the same region. The first subsection concerns 
human population variables.

Information from the censuses taken in 1966, 1968, 
and 1974 is used to establish the number of individuals 
in the simulated Simbai Valley; five groups of people are 
set up, based on Buchbinder's values for the distribution
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of people in villages .(197386 4 ) People are not strictly 
arranged in villages, but this simplifies the simulation; 
the complexities of subterritorial divisions would not 
alter the conclusions.

The initial sex ratio was set at 1.08 males to 
1= 00 females, using Buchbinder's (1973859» 63) data.
These figures may reflect the epidemic that occurred 
during the i960’s; one would expect females in child
bearing years to be greatly affected. The 1974 census, 
however, indicates an even greater percentage of males.

The age distribution for each sex is taken from 
the 1966 data (figure 6). More suitable figures are 
found in the 1974 census because the population had

f

some time to recover from the epidemic of the previous 
decade. Other demographic parameters are not available 
for this later census, however, and so the earlier figures 
are used.

Survivorship is calculated for each sex from the 
1966 - 1969 age-specific mortality curves of Buchbinder 
(1973871)- The mortality for the 0 - 4.9 age group is 
calculated as a weighted average since mortality during 
the first year of life is much higher than for ages 
1 - 4.9,

Although POPREG I does not examine the effects of 
exogamy and migration, these parameters are built into the



program. Women do leave for marriage, but many do remain 
within the Simbai Valley; men often leave for a short 
time to work for the Australian Government, but it is not 
clear how often they return (Donnelly 1975)= It will be 
assumed that the number of women who leave the system is 
balanced by the number entering; furthermore, all 
migrating females are assumed to be of the same age group. 
Territorial exogamy often consists of exchange with an 
ally, so women remain within the system in many cases. 
Indeed, 44% of the 50 women Rappaport (I969) questioned 
in the Tsembaga territory were from that territory, and 
another 22% were from the neighboring Tuguma. The 
remainder were from outside the Simbai Valley.

Female fertility is taken from Buchbinder's 
reproductive history interviews (1973176-78). The total 
number of pregnancies for women in 10-year age brackets 
is provided; there are several problems with these data, 
especially regarding older women. The values used here 
result in a net fertility rate of 130 births per 1000 
females per year. This compares with Buchbinder's value 
of l4o/lOOO/year for the 1968 census, but it is higher 
than the 1966 figure of 97/lOOO/year. The higher value 
is much closer to figures from other primitive groups 
(Buchbinder 1973*73; Brass et al, 1968)0

The second set of start parameters includes values 
for the total amount of land per village, as well as the



amount of arable land. These values are used to estimate 
the carrying capacity of each local territory. In the 
appendices of his book, Rappaport (1968) discusses 
several problems with calculating the amount of arable 
land, A value of 50%  of the total land is used here; his 
calculations, adjusted for terrain and land quality, 
yield values between ^3 and 58%. Values for the number 
of years the fields are cropped and left fallow are also 
from Rappaport (1968)5 1 and 15 are used in the simulation, 
respectively. The land required to feed one person is 
also taken from Rappaport,

Following Rappaport*s model, carrying capacity is 
calculated according to Carneiro's (i960) formula. The 
problems with'this measurement have been discussed in the 
literature (Street 1969; Brush 1975? Hayden 1975)? yet, 
careful use of the formula is informative. The triggers 
for the kaiko is a combination of human numbers, the pig 
population, and the degree of labor input for taking care 
of both the pigs and the gardens. The simulation can be 
adjusted so that the ritual warfare is triggered at 
different percentages of the calculated carrying capacity, 
thus reflecting different perceived excesses. As such, 
this value is merely a tool for measuring density- 
dependent processes.
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Ideally, one would want to use pig population size 

in the carrying capacity calculations. Accurate 
survivorship and fertility values for swine are lacking. 
The Pork Industry Handbook does provide some fertility 
values for American breeds, but Maring domestication 
practices greatly affect the number of offspring produced.

The final set of start parameters controls the 
number of years the population is allowed to grow, as well 
as the number of males and females killed or forced to 
leave the simulated Simbai Valley as a result of warfare, 
disease, or some other variable. Note that in most ritual 
battles, individuals flee to other groups in the same 
valley, returning to their own territory at a later date 
(Rappaport 1968), The values used must reflect net 
removal from the simulated valley population.

Generation of Gases and Annual Population Growth
As mentioned, individuals are created and assigned 

to one of several villages. Each person can be followed 
from year to year throughout the duration of the simula
tion; this method is particularly suited to situations in 
which individuals can be assigned characeristics that 
affect their survival and/or reproduction. The values for 
survivorship, migration, and fertility are used along 
with random number generators to establish the initial
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population. For each village, the number of males 
and females at the beginning and end of each year is 
calculated along with the number and sex of offspring 
produced by each female °

Annual population growth is implemented by 
simulators one and two. Each treats the population in 
the same manner as the case generator; simulator one 
reads information from one disk file and prints the output 
on a second, while simulator two reverses the process. 
Individuals are aged by one year and reassigned to an 
age class. Random number generators use the start 
parameters for each of the age classes.

Simulating Warfare
As noted by Rappaport, warfare takes place between 

two major protagonists and their allies. The relationship 
among the various territorial units seems to be fairly 
stable with respect to whom one fights, as well as 
who provides allies. Changes can occur if past fighting 
has not lead to further death; relationships with allies 
are somewhat dependent on marriage practices, as well.

Recruitment of allies takes place during the 
kaiko; the number of pigs one has determines the size of 
one's feast and so is related to the number of allies one 
can call. As Rappaport (1968) mentions, a lot of 
Uncertainty is present when the actual battle takes place 5



39
allies do not always provide help. In this simulation, 
males in age groups 4 - 1 5  (males greater than 15 years 
old) may "be called upon to fight "by a friendly village.

The conditions of war are fixed so that village 
1 fights village 2. Allies for the former are recruited 
from village 3» while village 4 helps number 2. When 
the total fighting forces for village 1 exceeds that of 
village 2, a "battle" takes place. Village 1 wins, and 
the effects on village 2 are recorded. The idea is not 
to model the exact conditions of warfare, but to focus 
on the demographic consequences after such a war has 
taken place. Again, the timing and severity of the 
battle are controlled by the start parameters.

Results of the Simulation

Population Growth
Simulations of population increase without ritual 

warfare are plotted in figures 10 and 11, The overall 
growth rates are close to 1.0% per year, a value typical 
of other primitive groups in New Guinea, but much greater 
than Buchbinder's value of 0.1% per year (1973:73)° An 
examination of particular segments of the graph, however, 
illustrates the problem with Buchbinder's figure. Curve
#2 in figure 10 yields a growth rate of 2.25% per year
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Figure 10. Population growth in the simulated Simbai 
Valley.
Growth rate of curve #1 is .96% per year; 
curve #2 has a growth rate of 1.00$ per 
year.
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Figure 11. Village growth in the simulated Simbai 
Valley.
Curve #1 from figure 10 is broken down 
into its component villages. Note the 
long period of apparent "stability" in 
village #5 , even though the whole 
population continues to grow. The unit 
of analysis is obviously important.
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during the years 8 - 10 of the simulation; the years 
14 - 16, on the other hand, have a growth rate of 0,125^ 
per year. Buchbinder's data come from the 1 9 6 6 and 1968 
censuses; indeed, using data from 1968 and 1974, one 
obtains a rate of-0.98$ per year,

A second problem also concerns the frequency of 
census-taking. If the average growth rate for curve #2 
is calculated from annual data, a value of 1.0$ is 
found. If one only uses the two endpoints of the curve, 
the value is 1.18$ per year. Resolution of the data is 
clearly a problem in all of the New Guinea studies; very 
detailed information is required to clarify the actual 
demographic processes.

In figure 11, population growth in each of the 
five villages used in the simulation is plotted.
Moylan (1973) points out that large fluctuations in the 
local subsystem may be masked by systemic processes.
Though the overall growth rates are very similar for the 
two curves in figure 10, the numbers do fluctuate 
considerably within each village. It is clear that 
studies of isolated villages may give misleading results. 
This is particularly relevant here because the Tsembaga 
Maring studied by Rappaport live in the area of the 
Simbai Valley most affected by nutritional stress
(Buchbinder 1973)• What may appear to be self-regulation
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in one territorial group may be offset by migration into 
another part of the same region.

Simulating Self-regulation Through Warfare
Rappaport (1968) notes that most fights only lead 

to a few casualties; warfare seems to balance the homicide 
count between two territorial groups. It is obvious that 
only killing males will have few demographic effects; the 
results are plotted in figure 12, Random fluctuations in 
a population of this size can easily account for the 
observed differences, Even if 5% of the males from a 
village are removed each year (which might occur as males 
leave to work for the Australian Government), the overall 
effects are negligible. Indeed, Buchbinder (1973) points 
out that many of these males'do return.

The effects of severe warfare are given in figure 
13. The ritual cycle apparently ranges between 10 - 15 
years, although fluctuations may be more drastic 
(Rappaport 1968:157)° In curve #1, the valley population 
is reduced by 25$ as one village is totally routed after 
14 years. Note that 14 years later, the population is 
well below the pre-war level. Curve #2 shows the results 
of less severe warfare 5 the valley population is reduced 
by 12$ as village #2 is reduced by 50$. In this case, 
the population returns to pre-war levels after another 
14 years. As long as the total population is reduced by
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Figure 12. Demographic effects of male loss.
Curve #1 shows overall population growth. 
Curve #2 simulates the "usual" intensity 
of warfare as described in the literature;
5^ of the males in one village are killed 
during a ritual cycle 20 years long. The 
differences are entirely random. Curve 
#3 shows that if 5% of the males leave the 
valley each year, population growth rates 
still remain high. In other words, the 
effects of losses to government employment 
are minimal, even if the males never return.
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Figure 13* Effects of warfare on population growth.

If the results of warfare are like that 
in curve #1, the valley population could 
be maintained below 370 with a 35-year 
ritual cycle. A l4-year cycle would 
control population size if death rates 
in one village followed curve #2.
Curve #3 shows that mild intensities 
of warfare have few demographic effects.
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10 - 1 5 % every 10 - 15 years, the population will theoreti
cally remain at a particular level (figure l4)„ With over 
twenty groups in the Simbai Valley, major conflicts of 
a less serious nature could be scattered among the villages, 
maintaining a particular valley population level. Each 
village, however, would show growth curves with infrequent 
periods of drastic reduction that clearly do not resemble 
a self-regulated system in Odum's (1971) sense. If there 
is self-regulation, the unit of control is the entire 
valley; even here, however, one must prove that these 
internal variables are not merely part of a complex 
regulatory system involving intrinsic and extrinsic 
regulation. If the Maring system is placed in its proper 
context by examining external variables, it is clear that 
its self-regulatory nature is rather suspect.

Extrinsic Regulation.Through Disease
The epidemics of the 1940's may have reduced the 

population of the Simbai Valley by 30%> (Buchbinder 1973872). 
In figure 15; the population is reduced by approximately 
25$. Although this particular simulation does not account 
for the differential effects of disease on the various 
age and sex groups, it does reflect the changes 
described in the literature. Differential survival 
would reduce the population even more since women in 
child-bearing years would be greatly affected.
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Figure 14. Simulation of ritual regulation,.
If 50% of one village were killed after 
14 years, the cycle would have to result 
in similar losses every 14 years to 
maintain this specified level. This would 
be accomplished by killing 12% of the 
valley population every 14 years, as 
the projection shows.
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Figure 15- Simulation of an epidemic.
The population is reduced by 25% and 
allowed to recover for 20 years.
At this time, the population is 88% of 
the pre-epidemic size. The Tsembaga, 
according to Rappaport (1968), recovered 
even less from their epidemic of the 
1940's. Warfare must be put in this 
context before postulating any sort of 
ritual regulation.
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The results show that the epidemic of the 1940's 

must he taken into account before postulating any 
mechanism of self-regulation- According to Rappaport 
(1968:95), the population of the Tsembaga was 250 to 
300 in the past,; the population in 1963 was about 200, 
Furthermore, disease and nutritional stress were also 
major demographic forces in the 1960's; of 54 recorded 
pregnancies between 1964 and 1968, 11 resulted in still
births and 22 in first-year deaths (Buchbinder 19738145),

Conclusions
POPREG I demonstrates the problems inherent to 

analyses that focus on one set of factors to the exclusion 
of other variables- As mentioned, the problem is not 
restricted to anthropology- Biologists of the "extrinsic 
school" stress the environment at the expense of 
individual variation, while intrinsic models tend to 
ignore the environment (Chitty 1955)- In this example, 
it is clear that conflict would have to be more serious 
than the ethnographic record indicates for the ritual 
cycle to act in the manner described by Rappaport- Indeed, 
if the effects of taboos on land acquisition after a ritual 
battle are included, the cycle would not affect demography-

This argument is supported by the simulation of 
Shantzis and Behrens (1973), who focus on the resource- 
dependent aspects of the Tsembaga kaiko, rather than the
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population parameters« Including changes in agricultural 
productivity, carrying capacity, and the number of pigs . 
over time, they conclude that a stable system could 
operate under specified conditions0 Two incorrect 
assumptions, however, alter their interpretation- 

The first problem is that they drastically 
overestimate the cost of warfare to a single territorial 
units

The effect of the subsequent war is to increase 
the human death rate tov12 percent of the popula
tion per year in the first year following the 
festival, and to about 5 percent the second year.
In the third and following years the death rate 
falls to normal, (Shantzis and Behrens 19738 273)

This death rate, coupled with a ritual cycle of 11 years,
leads to stable fluctuations within one village. In other
words, each village would be required to participate in a
serious conflict approximately every decade, and both
sides would have to suffer heavy losses! Their
population growth rate of 1»3$ per year is higher than
Buchbinder’s (1973,1977) data would suggest; however, their
results support the notion that other control mechanisms
must be involved.

Secondly, Shantzis and Behrens (1973) assume that
the population is relatively isolated from Western
contact, and they point out that the ritual cycle would
break down once health measures increase the growth rate
to 1.5^ per year. Again, POPREG I demonstrates that the
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data collected during the 1960,s reflect the combined 
effects of epidemics and nutritional stress beginning in 
the 19^0"So

POPREG I also raises more serious questions. 
According to H.T. Odum (1971)» an ideal self-regulatory - 
system would approach the carrying capacity smoothly; 
the regulatory sensor in this case would be either the 
amount of labor put into gardening and pig-raising or the 
actual number of pigs (Rappaport 1979b). The fluctuations 
observed in each village simulated here» however, are 
rather distinct; unlike Odum's model, the population 
appears to fit a time-lag logistic with r « T greater 
than 1.0. In other words, the ritual mechanism cannot 
provide the sensitivity of a sensor expected in a strictly 
self-regulatory system. While one could argue that the 
ritual cycle would eventually reduce the lag time, the 
overwhelming effects of disease obviate the need for 
such elaborate controls. The minimal requirement is 
that analysis of self-regulation in such societies 
focuses on changes above and beyond post-contact 
influence. Even then, regulatory mechanisms must take 
into account processes that affect individuals, such 
as factors that reduce reproduction, cultural rules that 
determine mating, and environmental stresses that affect 
survival.



CHAPTER 4

THE BIOSOCIAL BASIS FOR A SYNTHETIC MODEL 
OF POPULATION REGULATION

A synthetic model of human population control 
requires three levels of analysis: survivorship and 
reproductive physiology of individuals, social behavior 
within groups, and structure of communities and ecosystems 
(figure 16)„ Traditionally, research interests have been 
quite divergent in these fields of study; it is now clear, 
however,

that the internal state of the animal constitutes 
a significant variable in the regulation of 
vertebrate reproduction and that hormones, behavior, 
and the environment act together to regulate, 
synchronize, and 'fine tune' reproductive processes,

(Crews and Williams 1977«271)
This approach can provide an understanding of 

external and internal regulation, but it is difficult in 
the case of humans because long generation times, complex 
social behavior, and the monospecific status of the genus 
Homo limit the detail and comparability of the evidence.
An attempt must be made, however, to bridge the gap 
between genes and behavior left by the sociobiologists 
(e.g., Trivers 1971,1972; Wilson 1975,1978; Dawkins 1976; ■ 
Alexander 1977, 1979a,b; Barash 1977,1979)- The 
oversimplified concept of one gene for one behavior,

52
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Figure 16. Levels of analysis for population studies.
The basis of demography is fertility and 
mortality (center circle); migration into 
and out of a community is also important. 
Variables affect fertility and mortality 
on three different levels: the individual, 
the group, and the external environment.



while not only at odds with contemporary knowledge of 
linkage systems and the relationship between genotypes 
and phenotypes (Lewontin 1970* 1973» 197^; DeBenedictis
1978)» also ignores the developmental and physiological 
processes that link the true products of genes, polypep
tides, with an organism's behavior (Alcock 1975* Wallace
1979)° The approach advocated by Crews and Williams 
(1977) provides the direction of study required to advance 
our knowledge of the origins and processes of regulatory 
systems.

Regulation is a population concept; however, it is 
necessary to begin by examining the relative contributions 
of individuals to population growth. The concept of 
Darwinian fitness provides the starting point for a 
discussion of human fecundity and fertility (Fisher 1930; 
Bell 1976; Calow 1978).

• For the sake of simplicity, assume a steady-state
population with discontinuous breeding seasons. The
number of offspring produced at a particular time by a
given individual will equal the probability of that
individual living through that breeding season multiplied
by the probability of having offspring at that ages

number of offspring at time t = P^b^,
where is the probability of a parent

surviving between breeding seasons, 
b^ is age-specific fecundity.



The total number of offspring produced during the lifetime 
of an individual can be represented by the sum of the 
results of each breeding season:

t=x
where v is the reproductive value,

the total number of offspring 
produced by a female of age x.

This equation emphasizes the importance of
physiological factors on reproduction. In the Maring case 
epidemics during the 1940's increased child mortality 
quite dramatically. There were immediate consequences 
for the population, but more subtle results were observed 
twenty years later, when this depleted age cohort reached 
its reproductive period. POPREG I demonstrated that the 
age distribution of the early 1960's was a direct result 
of events in the 1940's; hence, population growth was low 
during this time because of previous changes in survivor
ship. This point was not only ignored by Rappaport (1968), 
but also by most of his critics. Buchbinder .(1977) shows 
that the population was starting to recover from post
contact problems by 1974 (see figure 7)°

Refinement of the above equation points to other
avenues of research. Children born to females in their 
early twenties will themselves enter the reproductive 
"pool" before those born to the same females later in life

t=max
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In other words» for a growing population, later births
have less of a demographic effect than those closer to
the age of first reproductions

t=max
vx = X  e'rtptt,t-t=x

where e~r^ accounts for the differential 
contribution of offspring born 
to a parent at different stages 
of that parent1s life„

The fact that a family has only two children is important
demographically, but a female who has these offspring in
her twenties will contribute more in the long run to
population growth than a women who delays reproduction
until her thirties= Physiologically, birth spacing
mechanisms will be expected to have a great influence on
the rate of increase5 social mechanisms that delay marriage
will also be important0

Other factors can be clarified by modifying
reproductive value once again. Reproductive effort is
defined as the present contribution to population growth,
and it can be differentiated from an individual's future
reproductive potentials

t=max 1

vx = bx + 2t=x
where b is the reproductive effort, while 

the future potential, or "residual 
reproductive value," is given by 
the second term (Calow 1978)°
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This modification points to the need to consider popula
tion growth in terms of individual decision-making

time or to wait until a later period depends on present 
physical, social, and economic conditions, Skipp (1976) 
elaborates on such decisions in his study of the demogra
phic crises of 1613 - 1619 among five parishes in the 
forests of Arden in Great Britain; immigration was 
discouraged, emigration increased, and the annual rate of 
conceptions decreased over 25$ from the previous decade. 
Employment opportunities increased during the 1600's, 
but population growth soon followed. The interrelation
ships are quite complex (figure 17); the point, however, 
is that present conditions must be analyzed relative to 
an individual's perception of future conditions.

Finally, reproductive value can be changed into 
a mathematical description of Darwinian fitness by taking 
into account survivorship to the age of reproduction:

t— x
where Cx and C. are the probabilities of

survivorship to age x, the 
present age, and age t, the 
future potential, respectively.

This equation illustrates that fitness is a measure of 
reproduction over the lifespan of an individual. Both 
survivorship and fertility will be examined here,

processes. Whether one plans to reproduce at a particular
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Mid-1500 * s s "Ecological equilibrium" with a 
relatively small population and a food 
production system emphasizing beef.

O

1575-1600s Population increases; relatively 
high fertility and low mortality. High rates 
of immigration,

------------------- U ----------------------
1600-1640s "Ecological disequilibrium" with an 
imbalance between population size and resource 
availability. Result is a "Malthusian check" 
between 1613 - 1619.

Demographic consequences Short-term decisions
Fertility decreased, 
mortality increased 
(partly due to epidemics), 
emigration increased, 
immigration was somewhat 
restricted. r

Beef production dimi
nished, more emphasis 
on dairy products, 
woods converted to 
fields, crafts 
became more impor
tant (metal, wood, 
leather, etc.).

Results Higher "Malthusian ceiling" as a result of 
the changes; population can again rise. ____ '

Figure 17° Decision-making processes in five Arden parishes s a brief summary.
Skipp (1976) demonstrates the feedback 
relationships between population and 
economics. While the short-term decisions 
alleviated the crisis of 1613-1619, they 
did not solve long-term problems. Skipp
(1976) notes the connections between these 
changes and the English Civil War of the 1640's.
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beginning with variables that affect individuals« Social 
behavior within populations, intergroup interactions, 
and environmental factors can only be understood in terms 
of their effects upon individual fitness.

Analysis at the Level of the Individual 
Survivorship

Hassan (1980) states that estimates of survivor
ship to the age of first reproduction in prehistoric 
populations fall between .450 and .600, compared with 
.938 in the United States today. Hutchinson (1978) 
points out that some estimates of populations during 
Roman times yield nearly linear survivorship curves, 
rather different from the convex shape we have come to 
expect (figure 18). Estimates for the Pleistocene assume 
no post-reproductive period, so that death between the 
ages of 30 - 35 marks the end of the procreative phase 
that began around 18 - 19» 1 - 4  years after the age of 
menarche. While the maximum period of reproduction for 
prehistoric hunter-gatherers is far less than that of 
modern populations, the fitness equation also shows that 
offspring produced early in life affect the overall rate 
of increase more than those produced later. POPREG II 
will explore this problem in some detail.
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Figure 18. Survivorship curves.
Three types of survivorship curves 
can be postulated. Type I has 
few deaths until old age. Type 
II implies a constant rate of 
death. Human survivorship seems 
to be somewhere between these 
two curves. Type III indicates 
high infant and juvenile mortality. 
(After Krebs 1978)
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Fecundity, Fertility, and Mating Behavior

While the human gestation period is only nine 
months, births occur at more infrequent intervals; the 
timing of such events is crucial to the life of an 
organism. In all female mammals, except the higher 
primates, mating only occurs during specific periods of 
"heat" or estrus. Deer and wild sheep represent one 
extreme, where the cycle takes all year; the rat repre
sents the other extreme, where estrus occurs every four 
to five days. Variations in the pattern are often seen; 
in the rabbit, for instance, the cycle is suppressed 
during the winter (Torrey 1979)»

The actual estrus cycle can be divided into four
phases s

1. proestrus, the preparatory phase;
2. estrus, the period of peak sexual activity and 

ovulation;
3» metestrus, the completion of preparation for 

pregnancy; and 
4. diestrus, a quiescent stage.

Coordination of the cycle is through hormonal control
(Torrey 1979; Guyton 1976; Ganong 1977; Lunenfeld et al.
1978). Estradiol, an estrogen produced by the developing
ovum, pours into the reproductive tract, leading to
differentiation of the uterine wall and mating behavior.
Note that its maximal release occurs during ovulation,
coordinating sexual activity with the release of mature
eggs. After ovulation, the formation of the corpus
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luteum leads to the production of progesterone, which 
further modifies the uterus, as well as inhibiting 
additional ovulationso These events are under hormonal 
control from the pituitary gland, which itself is involved 
in complex interactions with the nervous system, A brief 
summary is provided in figure 19°

From an evolutionary standpoint, the coordination 
of reproductive behavior and ovulation makes sense. Since 
the egg is so much larger than the sperm that fertilizes 
it, the evolutionary "cost" of reproduction is much greater 
for females. This is intensified in mammals, where the 
physiological requirements of viviparity place additional 
burdens upon the female; pregnancy and lactation are 
nutritionally costly (E,0. Wilson 1975? Williams 1975? 
Treisman 1976; Maynard Smith 1978; Daly and Wilson 1978), 
The logical extension of this idea is that each sex would 
have different reproductive strategies. Females put a 
lot of time and energy into offspring; hence, they should 
choose mates carefully. Males, on the other hand, would 
be expected to be less restrained in their mating behavior; 
biologically, they should acquire as many mates as 
possible. Sexual dimorphism, according to this view, is 
a result of competition among males for mating "rights" to 
females. Obviously, the male investment in parental care 
will place an upper limit on the actual number of mates.



pr
og
es
te
ro
ne
 

(n
g/
ml
) 

mu
/m
l

63

LH
20

FSH

estradiol20

progestero

time measured in days before and after ovulation

Figure 19* Summary of hormone levels during menstrual 
cycle.
Ovulation and preparation of the uterine 
wall follow cyclical changes in body hormone 
levels. Ovulation occurs just after the 
peak in luteinizing hormone. The important 
point here is that fertility must be 
examined in terms of variables that affect 
physiological parameters. Compare with 
behaviors depicted in figure 20.
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The important point is that ecological theory 

explains monogamy as a "special case" in which cooperation 
between parents outweighs the advantages of the male 
strategy for multiple matings« Defense of scarce or 
valuable resources, adaptation to severe environments, and 
conditions in which early breeding is important are three 
situations in which limited pair bonding of this type 
would occur (E.O. Wilson 19758330-31) ■> As predicted, 
monogamy is rare among mammals and is only found in species 
that fit the conditions described above (Jewell 1976).
In terms of human evolution, the question is whether 
monogamy was selectively advantageous in early hominids 
(lovejoy 1981), or whether polygyny is the "ancestral" 
condition (E.O. Wilson 1975» 1978; Daly and Wilson 1978; 
Alexander 1979b). If the latter is true, cultural 
variables leading to monogamous unions must be delineated; 
the demographic consequences of such marital patterns 
will be discussed later.

In humans and some other higher primates, estrus 
is replaced by an ovarian cycle in which the uterine 
wall is sloughed off during menstruation; female recepti
vity, though concentrated around the period of ovulation, 
occurs throughout the menstrual cycle. As mentioned,
Dovejoy (1981) interprets this as evidence for monogamy 
among early Homo sapiens. This degree of receptivity,



however, is found in non-monogamous primates, such as the 
rhesus monkey (figure 20); the degree of sexual dimorphism 
in our species is further evidence for the priority of• 
polygyny (Short 1976a, E.O. Wilson 1978$ Daly and Wilson 
1978; Barash 1979)° This controversy will he discussed 
in more detail below since it also involves culturally- 
defined patterns of mating and marriage»

One final consideration is the actual fecundity 
of the species 0 The probability of conception for a given 
menstrual cycle has been estimated by several demographers 
(see Short 1976bs 11) 0 Values of 1 5 % at age 16, 2kfo at 
18 - 19, and a peak of 27$ at age 25 seem to be fairly 
typical. The figures are taken from newlyweds, and so 
they appear to reflect the maximum rates of copulation and 
inherent fecundity. They are also close to the values 
obtained for the Hutterites, one of the fastest growing 
populations known. Furthermore, there is some evidence 
that over 40$ of spermatozoa from normal males are 
abnormal, while spontaneous abortion may approach 50$ in 
the early stages of pregnancy (Short 1976b). Thus, the 
present growth rates of 2 - 3$ in developing countries 
may be in spite of the infertility of our speciess

In species where learning is an important aspect 
of development, long birth intervals would be expected as 
a result of greater parental investment in each offspring.
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squirrel monkey 
period of estrus
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human menstrual 
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rhesus menstrual period
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Figure 20. Primate estrus and menstrual cycles.
Compare receptivity of squirrel monkey, 
with its estrus period, to higher 
primates' menstrual cycles. "0" refers 
to the time of ovulation in these species. 
Note that animals with estrus cycles 
are only receptive around the time of 
ovulation. (After Daly and Wilson 1978)



In an evolutionary sense» physiological methods of birth 
spacing would be far less costly to the mother than post
natal corrective measures, such as infanticide. Interest 
in the physiological limitations of female reproduction 
stem from Tanner's (1962) observation that the age of 
menarche in the United States and Europe has declined at 
least four years in the last century (figure 21). There' 
is some evidence that this decrease has leveled off in 
these areas (Short 1976b; Harrison et al. 1977)» while 
similar secular trends are continuing in developing 
nations (e.g., Oduntan, Ayeni, and Kale 1976); possible 
physiological causes are the primary concern here.

Nutritional effects on fecundity may include 
caloric, protein, and fat levels in the body, as well as 
amounts of vitamin B, iodine, and other vitamins and 
minerals (Katz 1972; Frisch 1975; Short 1976b). Frisch 
and her colleagues (e.g., Frisch and Reveile 1970; Frisch, 
Revelle, and Cook 19735 Frisch and McArthur 197^» 1979; 
Frisch 1975» 1978) associate a minimum proportion of body 
fat with the onset of menstrual cycles and ovulation, as 
well as continued cyclicity, secondary postpartum 
amenorrhea, and possibly menopause. The metabolic 
requirements are quite substantial; 50,000 calories are 
needed for the period of gestation and another 120,000 
for lactation over a minimum of four months (Frisch 1975)»
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Figure 21.
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Secular trends in the age of menarche. 
The age of menarche has declined over 
four years in the last century in 
developed nations. Recent data from 
the United States, the United Kingdom, 
and Holland support these long-term 
data from Scandinavia. (After Tanner 
1962; Harrison et al. 1977)



Nevertheless» this hypothesis has come under severe 
attack because of the complex interrelationships among 
developmental parameters, such as age, height, and 
weight (e.g. Johnston, Malina, and Galbraith 1971;
Welon and Bielicki 1973; Billewicz, Fellowes, and Hytten 
1976; Cameron 1976; Trussell 1978"; Huffman, Chowdhury, 
and Mosley 1978, 1979)0 Critics do agree that nutrition' 
has dramatic effects on fertility, but a critical level 
of body fat is not accepted, Cohen (1980) notes that 
the nutritional effects on monarchal age are more widely 
accepted than the other correlations; however, this is 
demographically trivial because ovulation does not begin 
immediately after the onset of menstruation. This period 
of adolescent sterility may be a unique primate 
characteristic, though the mechanisms are unknown (Short 
1976b; Falkner and Tanner 1978). Modern groups may 
exhibit periods of sterility over three years; Frisch (1975) 
estimates a period of about four or five years for past 
populations,

A second proposed physiological spacing mechanism 
is lactational amennorrhea (Potter et al. 1965; Minaguchi 
and Meites 1967$ Bonte and van Balen 1969; El-Minawi 
and Foda 1971; Berman, Hanson, and Heilman 1972; van 
Ginneken 197^,1977; ICnodel 1977) 0 Nursing, appears to 
extend postpartum "sterility" through the suckling



response» which leads to the production of prolactin and 
suppression of ovulation. The actual mechanism requires 
further elaboration since few of the studies control for 
nutritional and/or cultural differences in nursing and . 
non-nursing mothers (El-Minawi and Foda 1971; van 
Ginneken 1977), A linear relationship between lactation 
and postpartum amenorrhea has been reported by several 
authors (figure 22), but the duration of the effect is 
unclear. Guyton (1976) notes that lactation only delays 
the menstrual cycle up to 5 months, while Ganong (1977) 
reports that prevention of ovulation is found until the 
time of weaning in half of the nursing mothers examined. 
The variation is quite substantial, and age has some 
effect; it is clear, however, that lactation can increase 
birth intervals up to 15 months in some areas (van 
Ginneken 1977)°

Regardless of the mechanisms involved, birth 
spacing through physiological means has some obvious 
demographic effects. Among the !Kung, for example, 
relatively late menarche, 4 years of adolescent sterility, 
and a birth interval of around 4 years lead to a completed 
family size of about 5» 3 of whom actually live to 
reproduce themselves (Short 1976b). Rates of infanticide 
are less than 2$ (Howell 1976, 1979); furthermore, growth 
after the first 6 months is slower than their Western
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(b)
Taiwan

Thailand

21
months of lactation

Figure 22. Lactational amenorrhea.
(a) Relationship between mean duration 
of breast-feeding (•) and postpartum 
amenorrhea (■) in nine studies. Data 
suggest a relationship between lactation 
and the onset of menstrual cycles 
following a birth. (After van Ginneken 
1977:46)
(b) Actual relationship shown with 
data from Taiwan and Thailand. (After 
van Ginneken 1977:47)
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counterparts (Lee 1980). Lee calculates the age-specific
weight of children, along with the distance a child is
carried during the first four years of life; hence, the
work input of the mother can be ascertained for various
birth intervals. If the interval is 4- years, for
example, the mother carries a 6 kg. baby in year one, an
8,8 kg, baby in the second year, an 11.6 kg. child in
year three, and a 12,4 kg. child in the fourth year. By
year five, the first child can walk on his own, and so
the mother's load is a second 6 kg. infant, The workload
is the same for the first three years if birth spacing
is only 3 years, but the fourth year is increased to
18.4 kg, because the mother must carry two children at
once. This crude measure leads to some interesting
conclusions:

A mother with 5-year birth spacing will have 
two children at the end of 10 years, To add 
a third child during the same period (by lowering the birth interval to 4 years) will 
add only 3»500 kg/km to a mother's work load.
To add a fourth child (by further lowering the 
birth interval to 3 years) will 'cost' 40% more 
than the cost of adding a third child - 5,016
kg/km as opposed to 3,542 kg/km. And to add a
fifth child (by lowering the birth interval even 
further to 2 years) would 'cost' over 2-& times 
as much per child as adding a third.

(Lee 1980:330)
Several authors (e.g., Howell 1976, 1979? Kolata 1978? Lee
I98O) have compared birth and death rates of mobile SKung
groups with those who are more sedentary; the latter appear
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to have a birth interval of only 3 years, Cohen (1980) 
and Hassan (1980) argue that sedentism in and of itself 
does not necessarily decrease the workload $ the decreased 
mobility may be offset by more intensive input into other 
aspects of social life. Indeed, the need for children 
to help till the fields tends to increase family size in 
most agricultural communities.

Reproductive Physiology and Demography: A Summary 
Analysis of human reproductive physiology 

illustrates many of the problems facing demographers = 
Survivorship data can be reconstructed from parish records, 
historical documents, and other sources; fertility, 
however, is more difficult to assess. The concept of 
reproductive value clarifies the costs and benefits of 
limiting the number of offspring; long generation times, 
learning, and juvenile dependency have probably contri
buted to physiological methods of birth spacing in higher 
primates. The replacement of the estrus cycle by 
relatively constant receptivity may have stabilized the 
pair bond, but this would appear to act against the above 
regulatory processes. Clearly, simulation of different 
fertility rates and birth intervals, along with the age 
of first and last reproduction, can lead to a better 
understanding of demographic trends. While the 
physiological mechanisms need to be more fully elaborated,



it is the demographic consequences that are of interest 
to the anthropologisto Analysis at the physiological 
level raises the question of whether the aforementioned 
processes affect overall growth rates or just the repro
ductive value of each individual.

Social Behavior Within Groups 
The 1966 symposium on Man the Hunter (Lee and 

DeVore 1968) set the stage for the equilibrium approach 
to subsistence and settlement that still plays a large 
role in anthropological investigations. Fluctuations in 
population size, as well as survivorship, fertility, age 
distribution, and other parameters are interpreted as 
deviations from the so-called "magic numbers" of group 
size (Lee and DeVore 1968s 245ff.). This view is consistent 
with the logistic model; yet, it ignores genetic and 
demographic changes that are so important in small popula
tions (Falconer i960; MacCluer, Neel, and Chagnon 1971? 
Skolnick and Cannings 1974; Ammerman 1975)= While 
providing a useful starting point for understanding broad 
demographic trends, the logistic curve does not accurately 
portray the high- and low-frequency periodicity in 
natural systems. For example, the time-lag modification, 
discussed in chapter 1, shows what happens when the 
response to density is not instantaneous, while
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calculations of reproductive value and fitness illustrate 
the need to examine each individual's contribution to the 
next generation. POPREG I demonstrates that steady growth 
at one level may mask fluctuations at a lower level; the 
logistic tells us little about changes in small groups» 
Furthermore» the age-specific effects of disease on the 
Maring lead to the question of how applicable the sigmoid 
curve is to field data since it assumes a stable age dis
tribution. An examination of social behavior raises even 
more problems with the assumption enumerated in the first 
chapter; each of these difficulties with the model 
clarifies the demographic problems and patterns of inter
est here.

Social behavior restricts population growth in 
several different ways; some mechanisms act in a density- 
dependent "corrective" manner, while others come into play 
Only after a certain threshold has been reached. Not all 
regulatory factors act, as the logistic assumes, at levels 
proportional to the number of individuals. While 
laboratory populations exhibit abnormal behavioral patterns 
and lower reproductive rates under conditions of high 
density, the human response to "overcrowding" is far more 
complex. Some stimuli appear to be density-dependent, 
becoming more important under crowded conditions. Other 
stimuli are dependent upon context, being ignored unless
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certain conditions prevail (Freedman 1980; Epstein 1980; 
Karlin 1980)o Furthermore, density and overcrowding are 
perceived differently in different cultures:

. The physical environment of an area at a point in 
time can be considered to consist of a set of 
elements, These elements would describe ^fully 
the terrain, flora, fauna, and climate... The 
perceived environment contains only the environ
mental elements which are included in decision 
making processes. This perceived environment 
or psycho-milieu consists of images or ideas 
derived from the physical environment.

(Davidson 1972:17)
The Maring, for example, respond to the number of people 
and pigs, as well as the amount of labor required to care 
for the gardens and animals; carrying capacity is a 
relative term. POPREG I shows that such relative changes 
will determine the number of individuals after a ritual 
war, though the periodicity of the cycle is determined by 
the intensity of the battle. In a discussion of human 
population regulation, then, the cultural- definition of 
the problem must be the basis for further analysis.

Mating Systems and Conception
The easiest method of preventing growth is to 

restrict mating. Social, political, and economic 
variables must be considered, along with the indirect 
effects of belief systems, Mitchell (1971) points out 
that some supposed regulators do not actually perform their 
expressed function; among the Yao of South Malawi, for 
example, males tie a medicated cord around their waists



during intercourse to reduce the chance of pregnancy.
On the other hand, some cultural practices have 
significant, though indirect, effects. Taboos against 
sex often accompany rituals, such as the Tsembaga kaiko, 
though the reasons for doing so involve preparation for 
war, rather than population control. Finally, some 
practices may directly act to increase fertility;
Orthodox Jews, for example, prohibit intercourse within 
seven days after menstruation, which may increase the 
chances for conception by coordinating sexual behavior 
with ovulation (Parkes 1971)° Postpartum abstinence 
in other societies may help encourage birth spacing, thus 
lowering the growth potential (Skolnick and Cannings 
1972; Abernathy 1979)-

Marriage practices may also have profound effects. 
It appears that polygynously married women have lower 
fertility rates than those of monogamous unions; such 
societies seem to favor long postpartum taboos, as well. 
However, while 83$ of the 849 societies for which there 
are data (Murdock 1967) permit polygyny, only a minority 
of men are actually polygynous in any particular group.
If the percentage of total marriages is taken into 
account, monogamy is more prevalent. The data necessary, 
to resolve these demographic questions have not been 
collected (Alexander 1974; Nag 1975); hence, simulation 
can be used to guide further research.
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Socioeconomics may play a role in limiting 

growtho Skipp (1976) found evidence of differential 
fertility among landed and landless families in the first 
half of the seventeenth century in Great Britain, though 
his sample size was rather small„ In India, fertility is 
not affected, but child mortality is much higher among 
the poor (Abernathy 1979)° In large areas of pre
industrial Europe, primogeniture and ultimogeniture 
restricted inheritance to such a degree that only one son 
might be permitted to marry; coupled with high mortality, 
growth rates between 1500 and 1700 were maintained at 
levels under 5% (Abernathy 1979)•

Such economic constraints on marriage would have 
profound demographic consequences as long as extra
marital fertility was negligible. Wrigley (1969) points 
out that population growth can be doubled by simply 
lowering the age of marriage from thirty to the early 
twenties. By marrying late, women would permanently 
lose a large portion of their natural reproductive 
potential, while the population as a whole would restrict 
the number of legitimate contributors to the gene pool 
(see figure 23). Brideprice and dowry payments may 
function in a similar manner.

All of these measures reduce the probability of 
mating. Methods of birth control, such as coitus
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Figure 23. Age-specific birth rates.
Hutterite women seem to represent 
close to the maximum fertility for 
our species. Note that delaying 
the age of marriage will result 
in the permanent loss of the very 
fertile early twenties and late 
teens. (After Parkes 1971)
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interruptus, helped decrease the probability of conception; 
Abernathy (1979) mentions subincision■as a possible 
method of control? primitive forms of the diaphragm, 
along with abortion, may have not only reduced fertility, 
but survivorship of the mother, as well„

Postnatal Regulation of Fertility
Infanticide is an interesting practice in light 

of the costs to female reproductive success. In the Man 
the Hunter symposium, rates of infanticide up to 5 0 % of all 
live births were proposed, but few ethnographers were able 
to document such figures (see Lee and DeVore 1968$243ff„; 
Ripley 1980). There is good evidence indicating a 
preference for female infanticide, which Alexander (197^) 
believes is peculiar to women married to men of high status 
because their sons would receive similar social standing 
to the husband. Dickemann (1979) and Chagnon (1979) lend 
support to this hypothesis, extending Alexander's idea 
to so-called "egalitarian" societies, where differential 
reproductive success is also apparent. Others explain 
female infanticide as part of an aggressive "male supre
macist" complex (Divale and Harris 1976), as a means of 
consolidating wealth and avoiding dowry payments by the 
elite (Harris 1979), or as a result of generalist
feeding strategies (Ripley 1980). Yet another difficulty 
is that infanticide is not clearly a deliberate act;
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"many died as a result of actions by their parents which 
conformed to the cynical maxim, 'Thou shalt not kill but 
needst not strive officiously to keep alive (Wrigley 
1969:12^).'" In such cases, parents might be unwilling 
to discuss the matter= While the demographic effects of 
various strategies can be simulated, the lack of good 
quantitative studies limits the analysis considerably.

Postnatal Regulation of Mortality
There are few good accounts of conscious efforts 

to increase mortality as a method of population regulation. 
"Suicide” among Eskimo elders is, perhaps, the best 
example; even here, however, measures are not taken until 
families feel considerable stress. Mortality is only 
affecting post-reproductive individuals in this case; 
thus, infanticide and environmental stress are probably 
more effective controls.

Warfare among subunits of a population has been 
discussed at length for the Tsembaga Maring and other 
New Guinea groups (Meggitt 1965$ Vayda 1969, 1971» 197^; 
Koch 1974; Abernathy 1979)o Koch's (1974) review concurs 
with POPREG I; the data from this region do not lend 
support to the idea of warfare as a necessary result of 
population growth and/or resource scarcity. As mentioned, 
Maring ritual taboos prohibit land acquisition after a 
ritual battle. Warfare has obvious demographic



consequences, but each case must be treated separately.
The frequency of war, age and sex differences in mortality, 
and the effects on food production must be taken into 
account. Divale and Harris (1976) do this in their study 
of correlations between female infanticide and warfare 
(but see Hirschfeld, Howe, and Levin 1978); however, they 
confuse the causes and consequences of these practices.
War, in their view, is a "distinctively human system of 
population control (Divale and Harris 1976:527)"; its 
function in tribal society is to maintain male dominance 
and regulate population growth. This, in turn, leads to 
a desire for male offspring, and so females are 
preferentially killed through infanticide or neglect.
It is not clear why these same tribal people would ignore 
the fact that a preference for female children would lead 
to more potential "warriors" in the long run by increasing 
the number of reproducers. Female infanticide itself 
has clear regulatory effects, but the correlation with 
male dominance and warfare lacks a reasonable mechanism.

Other social regulators have been proposed for 
specific cases. The effects of social stratification on 
infant mortality in India have been discussed. Harner
(1977) and Harris (1979) examine the function of human 
sacrifice among the Aztecs, and they conclude that the 
practice alleviates problems caused by protein shortages.
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It is not clear, however, that resource scarcity existed, 
nor is it easy to understand how the lower classes, who 
would be suffering from the lack of protein, obtained 
this essential from the elite, who would have always 
had access to it (Ortiz de Montellano 1978)= Again, the 
lack of precise quantitative data preclude any definitive 
solutions=

Ford (1972) posits an interesting theoretical 
mechanism for the New Mexico pueblos. Stored and fresh 
food are at. a minimum during the late winter months; 
several time-dependent rituals lead to food redistibution 
during these hard times. The Keres, for example, are said 
to distribute hundreds of loaves of bread, along with 
chile and other foods, during these festivals. Such 
calendrical events, in contrast to Rappaport's resource- 
dependent rituals, merely redistribute stored food without 
altering subsistence strategies. The effects on population 
size are unknown; nevertheless, the concept of ritual 
regulation is an interesting facet of human societies. 
Reanalysis in terms of contemporary ecological thinking 
could shed much light on this matter.

Social Behavior and Demography: A Summary
Analysis of regulation through social behavior is 

obviously fraught with theoretical and methodological 
difficulties. Bates and Lees (1979) correctly state that



present models of human population regulation through 
marriage» brideprice, warfare, ritual, and infanticide 
are based on group selection; societies unable to control 
growth are outcompeted'. The real problem, however, is 
that such investigations combine biological and cultural 
variables that have traditionally been separated by the 
nature/nurture controversy. In one of the few attempts to 
devise a synthetic model, Campbell (1975) examines the 
opposing selective forces of biology and culture (figure 
24). Natural selection acts upon individuals; hence, 
behavior is somewhat "selfish." Kin selection, along with 
currently debated mechanisms of reciprocal altruism and 
group selection, temper selfish tendencies. The result 
is a "biological optimum" somewhat to the right of pure 
selfish behavior. Cultural norms, on the other hand, 
stress altruism; in the ideal case, individuals are asked 
to sacrifice themselves for the benefit of the group.
This opposition leads to a balance of forces, Campbell's 
"biosocial optimum," Since most of our evolutionary 
history has taken place in small populations, the 
position of this balance, has varied according to cultural 
rules and the degree of inbreeding. The development of 
more complex political systems incorporated several groups 
hence, the "cultural optimum" may have shifted away from 
strict biological concerns as more non-kin were included 
in the population (figure 24b). Thus, marriage 'systems,
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Figure 24. Interactions of biological and social tendencies.
(a) In early societies, groups were small; 
hence, social system preaching was altruistic, 
but mostly towards kin. The balance between 
biological and social tendencies ( □) was 
somewhat to the left of the theoretical 
"biosocial optimum."(b) In more complex societies, non-kin 
were incorporated into more inclusive 
units. Social "preaching" taught about 
altruism to all people. The balance between 
biological and social tendencies moves 
closer to the "optimum." The evolution of 
culture can be viewed as the tendency for 
including more and more non-kin into the 
sociopolitical group. (Based on Campbell 1975)
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warfare» and other social "regulators" are more clearly 
defined in terms of the interactions among groups, with 
demographic consequences for each group. There is no 
basis for the claim that behavior at the social level 
evolved to regulate population size. A result of certain 
practices may lower the growth rates, but as Cowgill 
(1975:507) points out, "We always have to ask, who is 
experiencing the stress, who is in a position to do 
something about it, and why might they see it to be in their 
interest to do what they do (author's emphasis)."

Up to this point, population growth rates have 
been examined as a product of physiological and social 
mechanisms. In no case, however, has a self-regulatory 
sensor been identified. In pre-industrial Europe, high 
mortality, coupled with marriage practices, reduced the 
rate of increase to 0.5% per year for short periods of 
time, but zero population growth was not achieved.
Decisions to increase or decrease family size had long
term effects quite different expectations. More drastic 
reductions resulted from low-periodicity events, such as 
the Great Famine of 1312 - 1317 and the Black Death of 
1348 (Wrigley 19695 Skipp 1976)° Internal and external 
variables did result in brief periods of apparent "self
regulation," but long-term regulation of this type would 
require a social system with a life of its own, completely 
independent of the individuals that comprise it.



Examples from the "ethnographic present", reflect contact 
situations that obscure population processes; hence» 
theories of prehistoric self-regulation have no support 
from modern analogies„ While this does not rule out the 
possibility of self-regulation, the fact remains that 
external variables had profound effects on such groups.

Community Structure

Interactions Among Groups
Emigration is, perhaps, the simplest mechanism

for alleviating culturally-defined overcrowding» Indeed,
Flannery (1973s283) proposes such movements as the primary
population regulator in prehistoric groupss

By 10,000 B.C., however, man had occupied vir
tually every major landmass in the world, from 
Australia to the southern tip of South America.
In other words, after that point emigration pro
bably decreased in importance as a population- 
limiting device, while other mechanisms - long 
lactation, infanticide, senilicide, and so on - increased in importance.

In this sense, emigration is not really a regulator of
population size, but a safety valve controlling density.
The problem is to ascertain who is leaving and what
happens to them in their new environment.

In many primate societies, including Homo sapiens.
young males often emigrate to new groups; gene flow is
enhanced, but the demographic effects are trivial (figure
12), If entire families are forced to leave by adverse
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conditions within the population, the situation becomes 
more interesting. As long as they settle in a similar 
habitat, few changes are necessary. In "sub-optimal" 
environments, however, biological and/or cultural 
adjustments must be made. The implications for cultural 
evolution need not be discussed here (see Binford 1968; 
Flannery 1969), but earlier hominids would have been 
subject to climatic exigencies and predation. In this 
case, the genetic "quality" of emigrants versus those 
that remained behind is important, as Chitty (i960, 196?) 
Tamarin (1980), and others have demonstrated in microtines.

In most cases, migration takes place in the con
text of other populations; organisms do not usually 
emigrate into an empty environment. Hence, migration can 
be more appropriately treated along with other aspects 
of intergroup interactions, such as resource acquisition 
and warfare. Koch (197^) provides a useful approach for 
analyzing conflicts of interest between human groups.
Two disputing populations can resolve their differences 
in one of three ways:

1. avoidances one group makes internal adjustments
,to the actions of the other without 
recourse to an external response.

2, negotiations these groups formulate a mutually
acceptable agreement.

3» coercions one group imposes its will on the
second.

These interactions can take place between a group and 
individuals from outside the population; immigration



restrictions are not only observed in modern societies, 
"but were also present on a local scale throughout 
history. If a particular population accepts outside 
immigration without enforcing restrictions, its rate of 
growth will increase tremendously; immigrants are usually 
of reproductive age and immediately enter into the gene 
pool. Exchange systems are analogous to the process of 
negotiation; they help build alliances, decrease the 
problems associated with inbreeding, and balance the flow 
of reproductive individuals. In the third possibility, 
overcrowding can be alleviated only if the vanquished 
population is forced to leave all or part of their 
territory. Coercion may be a critical aspect of state 
formation (Carneiro 1970), but its demographic role is 
not clear; disruption of normal exchange networks may 
be more critical than actual deaths in battle.

As with many of the internal variables discussed 
above, systems of self-regulation do not exist here.
There are possible demographic implications of all inter
group interactions; warfare and migration must be 
included among the list of variables that help control 
size and density; nevertheless, there are no mechanisms 
at the community level that would provide a sensor of 
population growth rates.



External Variables
Human adaptations to environmental variables, such 

as heat, cold, altitude, and light, have been analyzed in 
some detail (e.g., Katz 1972; Damon 1975; Moran 1979)°
An individual's Darwinian fitness can be calculated for 
particular genetic responses, but demographic questions 
are rarely examined. As Cohen (1980) points out, the 
colonization of the New World is apparently very rapid 
compared to growth rates in the Old World. He interprets 
this as a relaxation of intrinsic regulatory mechanisms, 
completely ignoring the consequences of Pleistocene 
temperature fluctuations. While cultural buffers may 
protect more complex societies from such external control, 
the effects of climatic change on prehistoric hunter- 
gatherers cannot be ignored. The so-called "Little Ice 
Age" of 1450 - I850 A.D. cannot be posited as a prime 
mover for decreased growth rates in Europe during this 
time (figure 25)» but the effects of lower temperature 
on food production should be included in the analysis 
(Wrigley 1969).

Disease is another potential extrinsic regulator; 
however, its role before the origins of domestication is 
difficult to assess (Motulsky i960; Brothwell 1969). 
Infectious disease can alter the gene pool considerably, 
as in the case of malaria and hemoglobin S (Motulsky i960 5
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Figure 25. Climatic change and population growth 
in Great Britain.
During the "Little Ice Age," temperature 
in Europe dropped 1.5 °C. The human 
population dropped in the mid-1300's 
from the Black Death and several 
famines. No claim is made that 
climate directly affects populationfrowth; however, as noted by Skipp 1976), the short-term reactions to 
demography and food resources will 
be affected by climate. Population 
growth is not the only factor leading 
to technological change; climate is 
an important influence. (After Imbrie 
and Imbrie 1979; Wrigley 1969)



Wieserifeld 1967; Livingstone 196?? Bunn, Forget, and 
Ranney 1977)° Epidemics may change the age and sex 
distribution in contemporary primitive groups, as well; 
the Tsembaga Haring are a case in point. The prehistoric 
picture is unknown; disease may not have to be very lethal 
to greatly disrupt social structure (Armelagos, Goodman, 
and Jacobs 1978)° The problem is that demographers 
require quantification, not just the presence or absence 
of a particular variable. Comparative studies of 
chimpanzees (e.g., Hunt 1978) are of little value; captive 
animals and populations in protected game reserves tell 
us very little about primate health conditions. While 
endemic diseases can be treated along with physiological 
effects on fertility, measles, influenza, and other 
infectious diseases do not appear to have had an important 
regulatory role before modern times (Black 1978).

As mentioned in chapter 2, food and predation are 
two important regulators in animal populations. The role 
of starvation is not clear; it is more likely that 
competition for food is the more critical parameter. 
Removal of a competitor can lead to tremendous rates of 
increase in a population; the same holds true in predator- 
prey relationships (Ricklefs 1973? Pianka 1978).
One of the most popular examples in the biological 
literature comes from the Kaibab Plateau of northern



Arizona, where the Rocky Mountain mule deer population 
exploded from 4 ,000 in 1906, when the area was set aside 
as a game refuge, to a maximum of over 100,000 in 1924.
This is often cited as an example of the effects of 
predator removal, though Burk (1973) argues convincingly 
that the removal of food competitors, such as sheep, had 
a more dramatic effect. While both factors may be 
important here, their role in the evolution of human 
populations cannot be ascertained. With the advent of 
agriculture and animal domestication, interspecific 
interactions were greatly reduced. Simulations can 
provide nothing more than the results of various estimates. 
However, to completely ignore their effects leads to 
overestimation of intrinsic regulation, which in turn 
has contributed to the fallacy of self-regulation.

Community Structure and the Role of Simulation
The list of internal and external variables 

regulating population size is quite extensive. Physio
logical effects on fertility have been stressed in the 
literature because they are the most amenable to study. 
Social behavior is complicated by the somewhat opposing 
roles of biology and culture, while external factors are 
difficult to assess in light of cultural buffering 
systems. Simulation can be used to assess the role of 
each variable in modern populations; P0PREG I was used
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in this sense. In terms of prehistoric demography, 
however, estimates of each parameter must include a 
range of possible values, The current emphasis on 
intrinsic regulatory mechanisms is a reaction to earlier 
assumptions of high mortality and high fertility in all 
prehistoric groups (Eaton and Mayer 1953» Bogue 1969; 
Petersen 1969); hence, models of such populations 
downplay climate, competition, and other aspects of 
mortality (figure 26), POPREG II is designed to focus 
on both external and internal regulation through 
analysis of physiological, social, and systemic processes.



CHAPTER 5

SIMULATING POPULATION GROWTH

The basic flow chart for POPREG II is similar to 
POPREG I ; however, annual demographic changes are analyzed 
in considerably more detail. To improve programming 
efficiency and reduce costs, subroutines replace the more 
cumbersome disk files, simulators one and two. Annual 
demographic changes are determined by random number 
generators as discussed in chapter 3° Again, the program 
can be broken down into start parameters, case generation, 
annual fluctuations, and external effects (see figure 
2?)-

The Basic Program
Start Parameters

Start parameters include general population 
statistics, such as survivorship, fecundity, age distri
bution, and rates of migration. These data are organized 
in terms of 5-year age groups, with the exception of 
offspring under the age of 5= Data for these children 
are entered in yearly increments to allow more 
flexibility than POPREG I .

96
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The initial population size is set; it can be 

broken up into a maximum of 10 social groups or demes.
These need not be equal in size, though this can be 
designated in the initial conditions. The sex ratio at 
birth is pre-determined, along with the age and pattern 
of marriage. Rates of infanticide and control of external 
variables are also included here; these will be discussed 
in more detail below.

Rules for marriage and residence are further 
adjusted within the program itself. In all cases, 
population growth is determined by initial start parameters; 
survivorship and fertility can be altered at different 
points in time, but -the magnitude and direction of such 
changes is fixed. Population growth will be examined as 
a short-term process; annual fluctuations in fertility 
and survivorship will become important as the temporal 
unit of analysis increases.

Case Generation
In POPREG I, males and females were organized into 

villages, but no attempt was made to control for social 
organization. In POPREG II, males are assigned to a 
subpopulation and given a family number. Wives are 
assigned to each family according to established marital 
regulations; children are "created" within the limits of 
the initial family size and the age of the mother. Note



99
that wives must be above the age of marriage and no older 
than the age group of their husband. The following 
demographic information is stored for each individuals

1. subpopulation number.
2. family number.
3. permanent identification number for each sex to 

follow the fate of individuals through time.
4. age group and age.
5= whether or not the individual lives through a 

particular year.
6. the number of offspring per female per year.
?. reproductive controls for females, including 

marital status and the potential for having 
children with respect to the birth interval.

Annual Demographic Changes
Yearly fluctuations are controlled through the 

subroutine AGEPOP. Individuals are aged one year, and 
their chance of survival is ascertained. If the head of 
a household dies, his wife is designated a widow to 
remove her from the reproductive pool for that year.
Single women enter into a marriage pool and form new 
families with bachelors if the latter are of the same age 
or older. Widows and widowers may remarry; this rule is 
adjusted within the program. Rules for marriage and 
post-marital residence can also be altered; subpopulation 
exchange systems are possible. Offspring are assigned 
to married women according to the start parameters for 
fertility, as long as the designated birth interval has 
elapsed for that individual. Summary information is 
printed each year for the population and each subgroup.
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Individual files can be printed out each year for detailed 
studies, or during the final year only as a check on the 
simulation. Enough information is provided to compile 
family charts for each subpopulation through time,

Other Aspects of Population Regulation
Postnatal regulation is controlled through start 

parameters. Rates of infanticide are set by sex of the 
child? death occurs when the child reaches age 1 to 
distinguish such processes from unproductive years.
External regulatory factors, such as competition for 
scarce resources, affect survivorship and fertility.'
These input parameters can be altered by a given percentage 
for a designated period of time, marking the onset and 
termination of the "stress." The same procedure will be 
used for "catastrophes," which have a more drastic effect 
in a limited time span. Obviously, exchange networks 
will complicate the processes discussed here; POPREG II, 
however, is designed to model simple societies that are 
not buffered in this manner.

An Example: The Hutterites 
The capabilities and limitations of the model can 

be illustrated with a simulation of a well-documented 
ethnographic example, the Hutterites of North America.
Such comparisons are an important part of validating
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a simulation (Emshoff and Sisson 19705 Dutton and Briggs 
197l)o It is especially critical in this case, where the 
goal is to reconstruct prehistoric patterns of growth and 
regulation,, Population parameters for the Hutterites are 
taken from the study of Eaton and Mayer (1953)$ the 
results are not intended as a detailed model of this 
population, but rather as a test of the flexibility and 
precision of POPREG II„

The Hutterites originated in 1528 as an anabaptist 
sect in Switzerland and Bohemia; at the end of the six
teenth century, they numbered over 12,000. The group was 
severely, persecuted by other Christian, sects, for the next 
200 years, and so, in 1762, when their numbers had dwindled 
to around 60, they moved to Russia.

In the 1870's, several groups of Hutterites moved 
to the United States. Many acquired property through the 
Homestead Act, while 443 of the more conservative founded 
four hamlets in southeastern South Dakotas the Schmieden- 
leut kinship groups settled in Bon Homme or Tripp; the 
Lehrerleut founded Old Elm Spring; and the Dariusleut 
established themselves at Wolf Creek. The immigrants 
consisted of entire families; hence, the age distribution 
has remained fairly stable to the present (figure 28).

For the purposes of simulation, the initial 
population size is reduced to 10$ of the true figure.
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28. Hutterite age distributions.

(a) 1880 census. (b) 1950 census. 
Note that distributions are given as 
percentage of total population.
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This, in turn, makes it necessary to simplify marital 
patterns to insure enough eligible mates? the starting 
population was not divided into the three kinship groups 
outlined by Eaton and Mayer (1953). All marriages are 
monogamous, and widowers are allowed to re-enter the 
marriage pool once their wife had died. As is the custom 
among the Hutterites, widows do not remarry. Individuals 
are eligible for marriage once they reach age group 9 
(20 years old); in reality, females marry around the age 
of 22, while males average 23=5=

Survivorship data from Eaton and Mayer (1953) are 
somewhat incomplete, being estimates for 15-year age 
brackets; infant mortality is given as 45/l000/year, Values 
used here are graphed in figure 29; a type I curve is 
assumed.

Fecundity is calculated from data on the probability 
of live births per age group (Eaton and Mayer 1953)= The 
birth interval is set at 1 year; coupled with age-specific 
fecundity, women would be expected to have an average 
birth interval of 2 years over the entire reproductive 
period (figure 30). The sex ratio at birth is assumed to 
be lil for this preliminary study.

The results of the simulation are plotted in 
figures 31 and 32. The POPREG II growth rate is 4.8$ per 
year compared with the actual rate of 4 - 5$ found among 
the Hutterites (Eaton and Mayer 1953; Parkes 1971)=
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Figure 29. Hutterite survivorship.
Data based on incomplete data from 
Eaton and Mayer (1953)• Basically, 
the population is assumed to have 

• • a "type I" survivorship curve due
to modern medical practices. Females 
in child-bearing years probably have 
higher mortality than is assumed here.
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Based on data from Eaton and Mayer (1953); 
some women are indeed fertile into their mid-fifties.
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Figure 31" Simulation of Hutterite growth in 
numbers.
Hutterite growth taken from Eaton 
and Mayer (1953); years refer to 
censuses and estimates from 1880. 
Simulated numbers multiplied by 
ten for comparison. Differences 
are probably due to errors in 
survivorship and/or rates of 
emigration. Birth spacing is 
another potential source of error. 
These differences will not be 
examined here.
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Figure 34. Effects of birth spacing among the 
Hutterites : a simulation.
Note the dramatic effects of changing 
the birth interval. More detailed 
analysis of this parameter would 
necessitate investigations of monthly 
demographic changes. The actual 
Hutterite population falls closer 
to the higher curve. Note that fertility 
is actually due to the birth spacing 
parameter and age-specific fecundity.
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The differences between the model and the actual figures 
will not be examined in detail here; the important point 
is that short-term demographic patterns can be simulated 
with some degree of accuracy. Emigration was ignored 
in this model, as were yearly fluctuations in fertility 
and mortality. Individuals married at a slightly younger 
age than they do in reality, plus the birth interval was 
too short. The age distribution after 50 years 
(figure 33) shows a higher percentage of young than is 
indicated by the census data. One limitation of POPREG II 
is that only integer values can be used for birth 
spacing; the results of changing this parameter are quite 
drastic in this case (figure 3^)°

The Hutterites are an example of the tremendous 
growth potential of Homo sapiens. Of the possible 
regulatory mechanisms discussed in the previous chapter, 
only the age of marriage provides a check on population 
growth. In terms of prehistoric demography, however, 
all aspects of regulation must be analyzed.



CHAPTER 6

PREHISTORIC POPULATION GROWTH

In the case of the Hutterites» POPREG II can be 
used to examine particular details of population growth 
and regulation. This is not possible for prehistoric 
populations, where the data are flawed, circumstantial, 
or absent. Simulation in this case helps clarify 
reasonable boundary conditions for various regulatory 
variables, and it defines those factors that leave no 
archaeological or paleoecological traces. At the outset, 
it is important to realize that POPREG II is not restricted 
by the assumptions made below; the interpretation is, 
however, a function of these initial start parameters.
A further cautionary note is that all simulations 
discussed are illustrations of possible demographic 
practices. To insure comparability of trials, data 
manipulation is made with the same "seed" value for the 
random number generator. For example, changes in birth 
spacing can only be examined if the same initial sequence 
of random numbers is used; these trials are labeled with 
the same letter, such as 1A, 2A, and 3A, to distinguish 
them from trials with a different "seed" value.

Ill
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Boundary Conditions

It is important to delimit the general conditions 
of population growth before examining their regulatory 
effectso All simulations begin with a population size 
between 50 and 56» varying slightly with changes in other 
initial parameters. The initial population is not divided 
into demes; that is, no individuals leave or enter the 
group for mating purposes. Females are eligible for 
marriage at age 15* while males marry at 20; all unions 
are monogamous. Values for fecundity are taken from the 
Hutterite data (figure 30); this is assumed to be the 
biological maximum for the species. Birth spacing is set 
at 2 years, while the sex ratio at birth is 1.05 males to 
1.00 females. The initial age distribution is given in 
figure 35-

Survivorship is the most difficult parameter to 
estimate. Weiss (1973) provides values based on skeletal 
material, but as he points out, mathematical modifications 
of the raw data are necessary to correct for the myriad 
of problems with such data. No justification of these 
numbers is required, however, since the simulation examines 
a range of possibilities. Skeletal material from several 
prehistoric populations provides the lower limit for 
survivorship, while figures for the Dobe !Kung (Howell 
1979) are used as the upper limit (figure 36). The SKung
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Figure 35* Initial age distribution used in POPREG II.
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Figure 36. Survivorship curves used in simulation.
Data from skeletal information (Weiss 
1973) provide lower limit for simulation*
(2) Australopj thecine data, (3) Classical 
Athens, (4) Upper Paleolithic, (5) Qatal 
Hiiyuk, (6) Nea Nikomedeia, Curve (1) provides 
the upper limit; data from IKung (Howell 
1979). Curves (A) and (B) show the figures actually used in POPREG II.
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live in a rather harsh environments hence, it has been 
proposed (e.g., Ripley 1980) that prehistoric populations 
may have survivorship rates exceeding those used here.
The results of the simulation (figure 37) show this to 
be unreasonable, however$ use of the SKung survivorship 
rates yields growth rates in excess of 1$ per year, far 
greater than most estimates for prehistoric hunter- 
gatherers and agriculturalists (Hassan 1980), The 
opposite extreme, using values from skeletal material, 
leads to rapid extinction and growth rates as low as 
-5o.5̂  per year. As a starting point for examining 
population regulation, the !Kung values appear to be more 
useful than any numbers based on archaeological data.

Physiological Checks on Growth Rates 
Nutritional thresholds and lactational amenorrhea 

are the two most important variables regarding fertility; 
birth spacing due to these factors is examined in figure ' 
38, A birth interval of 2 years is considered the 
species-specific "norm" by Hassan (1980) and others.
Using the SKung survivorship data and this interval, the 
population grows at a rate of 1,03% per year. The Dobe 
SKung, according to Howell (1976, 1979)» actually have a 
birth interval of 4 years; POPREG II demonstrates the 
drastic effects this would have on population growth.
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Figure 37. Simulations using upper and lower 
survivorship curves from figure 36.
Lower survivorship values all go to 
extinction. Letter designations (A,B,C) 
refer to trials using same random 
number "seed." Upper survivorship 
values will be used for further studies.
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Figure 38. Effects of birth spacing on 
population growth.
Numbers on graph indicate birth 
interval; all plots use the higher 
survivorship values from figure 36, 
as well as the same random number 
"seed."
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Indeed, with these initial parameters, a 3-year birth 
interval only yields a growth rate of 0,008^=

These results cannot be used to determine the 
actual birth interval present in prehistoric populations; 
several replications of each set of start parameters 
would be needed for such an analysis. The point here, 
however, is that small changes in the birth interval can 
lead to quite dramatic demographic effects. It is clear 
that nutrition and social behavior changed with sedentism 
and the origins of agriculture. Sedentism may have 
decreased the workload by reducing female mobility; 
however, more intensive labor requirements may have offset 
these advantages (Cohen 1980; Hassan 1980). Domesticated 
crops may have provided more calories, but this might 
have been countered by a loss in the nutritional balance 
believed to be present in hunter-gatherer diets.

The current emphasis on such physiological 
mechanisms of regulation is due to the fact that its 
effects can be analyzed mathematically in great detail.
It is likely that changes in diet and mobility affected 
individuals in different ways; furthermore, continuous 
breeding in our species insures that changes in birth 
spacing need not be as drastic as the yearly increments 
simulated here. Detailed studies of modern populations 
will help determine the actual physiological processes
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at work; however, reconstruction of supposed pre-contact 
conditions among primitive tribes cannot provide the 
quantitative data necessary for demographic analysis. 
Archaeological investigations can delineate broad patterns, 
but they cannot clarify the mechanisms of change. Hope
fully, ethnoarchaeology will provide the quantitative 
techniques required for studies of population regulation 
among non-Western societies. POPREG merely demonstrates 
the need for a holistic approach to the problem; postnatal 
controls and environmental variables must also be examined.

The Effects of Infanticide 
As already mentioned, infanticide has been posited 

as an alternative to control through physiological 
processes. Accurate information is completely lacking for 
this variable; nor is it obvious how the quality of these 
data can be improved, POPREG II illustrates an interesting 
problem to further complicate the issue. The effects of 
female infanticide up to 50% of all newborn are plotted in 
figure 39; this can be taken as a reasonable estimate of 
the upper boundary for this cultural practice. Inter
mediate values do not provide a clearcut pattern; several 
replications point to a tremendous amount of variation in 
population growth. In other words, general estimates of 
infanticide rates are of little value when one is
interested in small populations. Infanticide may or may
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Figure 39» Effects of female infanticide on 
population growth.
Note the tremendous range of variation 
found in small populations with a 
given rate of infanticide. The extreme 
values of 0# and 50# are obvious; 
however, general estimates of this 
regulator are meaningless in groups 
of this size.



121
not "be encouraged by cultural rules and regulations; the 
actual decision, however, is made by individuals. In a 
group of 100 people, few children will actually be born 
each year. Only 50$ of these offspring are female, and 
so the decision to terminate a child's life alters 
descriptive statistics only because of the small size of 
the initial population. It is extremely difficult to 
distinguish the effects of this variable from random 
fluctuations unless the infanticide rates are rather high.

Social Regulators 
The effects of ritual regulation were examined 

through POPREG I, Theoretically, such controls can limit 
population increase, but no one has been able to demon
strate this in the field. Again, anthropologists must 
understand the context of the ethnographic group under 
investigation; quantitative data, such as that provided 
by Rappaport (1968), are meaningless without knowledge 
of the actual social and physical environment.

The age of first reproduction has been discussed 
as an important demographic variable. Various combinations 
were simulated with POPREG II, ranging from ages 15 - 25 
for both sexes (figure 40). There is a clear distinction 
between populations that allow marriage for females at 
age 15 compared to those that delay this union until age 
20 or later. Replication of these results illustrates
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Figure 40. Effect of age at marriage upon 
population growth.
Wife's age at marriage given first.
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some variability in the actual figures; however, it is 
quite clear that the high fecundity of the 15 - 19 year 
age bracket poses a potential for growth that dramatically 
affects overall population size. Cultural practices 
delaying the age of marriage have been discussed in terms 
of pre-industrial Europe. It is noteworthy that 
adolescent sterility among primitive groups may delay the 
onset of reproduction until 19 or 20. Thus, as pointed 
out in chapter 4, the high fertility of modern teenagers 
and growth rates of 1 - 3$ in developing nations may be 
due to quite recent changes in diet and survivorship.

Up to this point, age has provided the only 
regulator of marriage. Primitive groups are often 
divided into moieties or clans with specific rules of 
exchange $ furthermore, all human societies have religious 
and socioeconomic restrictions. The results of this 
simulation are graphed in figure 4l. The initial 
population of 103 is divided into two or three subgroups, 
and marriage is prevented within one's own "clan." No 
clearcut demographic patterns emerge, though such exchange 
practices would have obvious genetic consequences 
(Falconer i960)= Note that POPREG II only adds "clan" 
restrictions to the general age rules mentioned above.
In reality, socioeconomic factors would surely play a big 
role. The fact that many individuals in pre-industrial
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Figure 4-1. Results of subdividing the population 
into clans or moieties.
Note that no clear patterns emerge 
from simulations of various patterns 
of clan "exogamy" within a given 
"region."



Europe were unable to marry because of inheritance rules 
adds an important limitation. Future analysis of this 
problem will include parameters for differences in status 
and inheritance. This preliminary study, however, does 
illustrate the fact that the availability of mates within 
one's age group is crucial. If other variables reduce a 
particular age cohort, such as the case with disease among 
the Maring, marital restrictions that "normally" have few 
effects might become critical for the population's 
existence. The group can either leave cultural norms as 
they are, hoping for recovery in the future, or they can 
change certain practices. In the Maring ease, land is 
distributed bilaterally in times of plenty and unilineally 
when it is scarce (Rappaport 1968). These cycles may be 
associated with regular fluctuations in population size, 
though this has not been demonstrated.

A more telling example comes from the Irish potato 
famine. As cultivation of this crop spread throughout 
Ireland after 17^0, it led to the conversion of pasture 
into vast fields of potatoes. The same amount of land 
could support more families, and so potential heirs could 
all be given land without fear of starvation. The age of 
marriage dropped, the need for child labor increased 
procreation, and the nutritional quality of the potato 
may have increased fertility (Abernathy 1979)-



The dramatic consequences that occurred within a century 
need not he reiterated here. The problem with demographic 
studies in anthropology is that such historical documenta
tion is lacking in most cases. POPREG II shows that 
general statements about the consequences of different 
cultural patterns are of little use because the range of 
variation in small populations is too great. While POPREG 
can be modified to include socioeconomic variables, there 
is a need for detailed studies of these parameters among 
primitive groups. For example, the fact that polygyny 
is present or absent in a society is trivial unless the 
number of individuals who follow this practice is known.

Exogamy
Exogamy provides a transition from within-group 

social behavior to the physical and social environment. 
Alliance systems can be established among groups through 
exchange of mates5 but the demographic consequences are 
also interesting. The results of village growth with 
exogamy and patrilocal residence are plotted in figures 
42 and 43. Again, it must be stressed that the actual 
numbers are a function of variability in small populations 
the patterns, however, are observed in several replica
tions of the initial parameters.
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Figure 42. Results of "village" exogamy I0
Marriage is restricted to outside 
one's own deme. Note population 
growth is limited in both "villages."
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Figure 43. Results of "village" exogamy II.
Marriage is restricted to outside 
one's own deme; 3 villages are 
included rather than the 2 of 
figure 42. Again, growth is 
restricted by the availability 
of mates.
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The availability of mates is again the critical 

variable; note that population growth within each village 
is somewhat restricted by growth in neighboring villages. 
Specific rules of exchange are not simulated here, but it 
seems clear that while exogamy cannot regulate population 
size by itself, it can restrict the rate of increase.
In conjunction with other variables, it can present 
situations which call for further cultural adjustments. 
Future simulations will focus on such short-term decisions 
that may lead to dramatic consequences through the 
"snowball" effects' of positive feedback.

The Physical and Social Environment
Intergroup competition is difficult to assess for 

human populations because resource scarcity is often 
accompanied by social change (Boserup 1965). Primitive 
warfare is anomalous. It is not known how many females 
are killed in such battles; the Divale-Harris hypothesis, 
discussed in chapter 4, actually requires high rates of 
female infanticide to limit population increase. As 
demonstrated by POPREG I , warfare must affect female 
survivorship to be an important regulatory variable.
Effects on fertility can be corrected quickly, as is 
often observed after many modern wars.

Extrinsic factors, such as disease or famine, will 
most likely affect the population through "catastrophes"
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that affect a percentage of the population (see Zeeman 
1976$ Renfrew and Cooke 1979)« In figures 44 and 4_$, 
population size is reduced by varying degrees over a 1- 
to 5-year period. Reductions up to 2 0 % in any given year 
show no clear trends; the population rapidly recovers 
from the stress. More drastic pressures, such as an 
annual 1 0 % cutback over a 5-year period, do have long
term consequences. How this would have affected 
prehistoric hunter-gatherers is unknown; subsistence 
strategies are quite flexible in mobile populations 
(Flannery 1968; Jochim 1976). Early agricultural 

, communities, however, might be more susceptible to the 
environment. With time, the development of exchange 
systems would help protect settled villagers from the 
exigencies of climate (Earle and Ericsoh 1977; Jorde 
1977; Lightfoot 1979), though the efficiency of such 
buffers has probably been exaggerated.

Recurring environmental stresses are simulated in 
figure 46. As noted in POPREG I, cyclical events can 
potentially maintain a stable population level; several 
replications with POPREG II support this contention, A 
10^ reduction in population size leads to an Overall 
decrease if periodicity is 10 years; 15- and 20-year 
cycles show more variation. High-frequency changes in 
climate need to be examined in this light; while



131

150

100

Reduction of 
Population

50

40 60 80200 100
years

Figure 44. Effects of single-year "catastrophes."
Population reduction at different 
levels during a "catastrophe" is 
quickly overcome. Compare with 
more extensive "disasters" in 
figure 45.
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Figure 45. Effects of multiple-year "catastrophes 
Population reduced by 10% each year 
of the "disaster."
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Figure 46. Effects of high-periodicity fluctuations 
on population growth.
10$ of the population is killed every 
10,15, or 20 years.
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Jorde (1977) examines the effects of climatic fluctuations 
on prehistoric abandonment of the Colorado Plateau in the 
twelfth and thirteenth centuries, there is a need to study 
these parameters in terms of extant populations. Again, 
climate must be examined as it affects cultural decisions; 
the relationship between external factors and demography 
proceeds through a cultural intermediary.

Regulation in Small Human Populationss A Summary
Population regulation has been examined at the 

level of the individual, the group, and the community.
PDPREG II shows that physiological mechanisms of birth 
spacing can have dramatic effects; yet, it is difficult to 
assess the importance of this variable in the archaeological 
record. The origins of agriculture obviously affected 
human nutrition, but the present evidence cannot tell us 
whether or not the various changes canceled each other's 
effects. The emphasis on these mechanisms of regulation 
in the current literature is a reaction to the previous 
overemphasis on external variables.

POPREG II has demonstrated that population stability 
is a possible result of regular climatic cycles, though 
more research is needed to ascertain the actual conse
quences of high-frequency periodicity. A more difficult 
problem concerns low-frequency changes. Catastrophes can
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have Sudden effects that require immediate cultural 
adjustments. It is likely that early Homo populations 
were subject to extinction from such events, but there is 
no way to test this archaeologically. As pointed out, 
later hunter-gatherers may have been able to reduce the 
effects of unpredictable events by altering subsistence 
scheduling. Early agricultural settlements would be 
drastically affected; however» there are no modern 
analogies to examine the susceptibility of these 
communities. In short, the archaeological record may not 
be able to distinguish between the demographic effects of 
extrinsic and intrinsic variables.

The results are further complicated by the 
inclusion of social and cultural concerns. POPREG II 
suggests that few, if any, cultural rules can regulate 
population size in and of themselves. The important 
point here is that cultural "norms" come under stress 
from population pressure and external variables. The 
cultural response leads to changes in individual behavior 
that can have unforeseen long-term consequences. Further 
computer analysis is required to fully understand the 
articulation of these variables with the cultural system. 
What is demonstrated here is that fluctuations in small 
populations require careful control of the evidence (figure 
^7). Reconstructions of supposed long-term trends from
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Figure 47. Variability in small populations.
Ten trials using the same start parameters 
are graphed. In order to understand 
regulation in societies of this size, 
the range of variability must be 
clearly understood.



oral histories will not shed light on this problem, nor 
can archaeological investigations be used to understand 
the mechanisms of change.



CHAPTER 7

CONCLUSIONS s 
IMPLICATIONS FOR ANTHROPOLOGICAL DEMOGRAPHY

For the anthropological demographer,■computer 
simulation provides a guide for research, as well as aid 
for reconstructing patterns of population growth through 
time o POPREG demonstrates another value of computer 
techniques by providing an assessment of the archaeological 
data base. These three aspects of research will be 
evaluated in light of the results of both POPREG I and II.

The Limitations of Archaeology
The distinction between evidence and interpretation 

of that evidence is not always clear in the anthropological 
literature. Several techniques are used by archaeologists 
to reconstruct prehistoric demographic trends, including 
skeletal data, artifact density, site distribution, and 
room counts (Cook 1972). A rough picture of change 
through time can usually be assembled; recently, however, 
there has been considerable effort to quantify these 
descriptive interpretations in order to assess the role 
of external and internal mechanisms of regulation.

The problem of ascertaining prehistoric population 
growth is not only complicated by the lack of evidence from

138 .
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early hunter-gatherers, but also by the nature of the 
archaeological data. For example. Southwestern 
archaeologists have been unable to sort out the various 
factors that led to the abandonment of much of the 
Colorado Plateau 700 - 800 years ago. The most recent 
hypotheses either focus on climatic change (Jorde 1977;
Euler et al. 1979) or "disequilibrium" in social structure 
leading to "extinction" of local populations (S. Plog, 
n.do).

The problem here is a result of ignoring the 
limitations of the data base; there are several problems 
with any kind of regional survey used for demographic 
analysis. First of all, the number of sites must be 
multiplied by a correction factor to distinguish 
temporary processing sites from areas of habitation.
Once the latter are discerned, the number of rooms must 
be estimated. F. Plog (1975:97) suggests the use of 
regression curves to correct estimates of site size made 
before and after excavation; for example,

1, number of pithouses = (.0047)(site area) + 1.2,
2, number of pueblo rooms = (.l)(rubble mound size)+ 4.0.

Once.the number of rooms is known, the number of dwelling 
units must also be determined. F. Plog (1975:98), for 
example, used the following data manipulations in his
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study of the Hay Hollow Valleys

(a) count all pithouses on pithouse sites as 
dwelling units $ (b) count „75 of the rooms as 
dwelling units on pueblos occupied between A.Do 
900 and A.D- 1150$ (c) count »59 of the rooms as 
dwelling units on pueblos occupied between A»D.
1150 and A.D. 1500o

One might be very skeptical at this point; what do the
manipulated data mean? Further corrections are often
made» however, to estimate population size within any
given occupational phase, F, Plog(1975898) proposes
population curves

for each individual site by breaking the time span 
during which the site was inferred to have been 
occupied into 50-year blocks and proceeding as 
followss (a) maximum occupation of the site is 
assumed to have occurred at the midpoint of the 
occupation span; (b) maximum occupancy of the 
site is estimated, based on Southwestern ethno
graphic data at .78 of the dwelling units on the 
site; (c) in each period moving away from the 
midpoint in either direction, the number of 
rooms is half that of the preceding period.
Thus, a site with 100 dwelling units occupied 
for 250 years was recorded as followss 20/39/78/39/20,

The implication here is that ceramically-dated phases 
can be analyzed in more detail through data manipulation 
based on so-called "reasonable" assumptions. More recent 
studies claim that 25-year periods can be delineated 
through attribute analysis (S. Plog, n.d.), but 50-,
100-, and 200-year phases are much more common.

The results of F, Plog's (1975) Hay Hollow Valley 
survey are plotted in figure 48, Growth rates between
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Figure 48. Patterns of demographic change in Hay 
Hollow Valley.
Data from F. Plog (1975)• Intensive surveys were based on statistical and 
random sampling; individuals were spaced 
no more than 10 meters apart. Casual 
surveys were based on areas rich in sites. 
Phase-based surveys grouped sites in 
200-year periods; site-based surveys 
in 50-year periods using the assumptions 
described in the text. Although population 
size peaks around the same time, the actual 
patterns vary widely. Growth rates vary 
between 0.8% and 4.0%, depending on the 
survey strategy used.



0,8 and A *0% are proposed, but it is obvious from the 
above discussion that these figures are meaningless.
The archaeological data can suggest broad patterns of 
growth and abandonment; manipulations are based on untested 
assumptions, and the results are inconsistent. As 
demonstrated by POPREG II, short-term decisions and 
chance variation lead to fluctuations in small populations. 
Curves based on 25- and 50-year estimates ignore demo
graphic processes that occur at much higher frequencies? 
these figures cannot possibly explain the mechanisms 
of change. Furthermore, skeletal populations cannot 
provide reasonable estimates of demographic variables; all 
simulations using such data go to extinction (figure 37)° 
Finally, changes in "developmental complexity" force the 
archaeologist to alter methods of estimation, making 
so-called "transition phases" more abrupt than is probably 
the case. Rather than creating scenarios based on a 
multitude of manipulations, archaeologists need to concen
trate on temporal control of prehistoric events. The 
archaeological record by itself cannot explain demographic 
processes. These must be analyzed in terms of well- 
documented cultural studies and then carefully applied 
to the archaeological record.
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Documentation of Demographic Data 

The key to understanding prehistoric populations 
is analysis of mechanisms in modern "primitive" 
communitieso Presently, there are few studies of this 
kindo Demographers focus on Western society, including 
reconstruction of pre-industrial cornmunites from parish 
records, while cultural anthropologists fail to monitor 
behavior in any quantitative manner. Studies of the 
genetics of small populations by physical anthropologists 
point in the direction of future research. As noted in 
chapter 5» census information for the Hutterites is fairly 
complete; historical records, interviews, and genetic 
research yield the data necessary for demographic analysis. 
Similar work with the Y^namamo provides both genetic and 
demographic information (e.g. Chagnon et al. 1970); 
computer simulation was used to ascertain patterns of 
village expansion and population growth not apparent in 
the ethnographic record (MacCluer, Neel, and Chagnon 1971). 
POPREG II can be utilized in a similar fashion, examining 
well-documented societies in order to clarify processes 
of growth and regulation. Among the Hutterites, for 
example, completed family size fluctuates over time;
POPREG II can be used to analyze short-term changes of 
this nature. Emigration rates, thought to be irrelevant 
in these populations (Eaton and Mayer 1953)» may be of
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some significance 5 computer simulation can be used to 
determine the consequences of changes in this variable <,

Reconstructing Prehistoric Demography 
Obviously, direct application of these ethno

graphic studies to the archaeological record is erroneous; 
the mechanisms that operate today in particular peasant 
and hunter-gatherer societies are complicated by Western 
contacto Ethnographic information, however, can clarify 
the extent to which particular variables affect populations. 
Certain factors can be ruled out by the archaeological 
record, while others must be included in a list of 
plausible regulators. On the one hand, present knowledge 
does not permit us to focus on physiological mechanisms 
of control at the expense of external variables, as Cohen 
(1980) would have us believe. On the other hand, mech
anisms found in particular modern groups, such as the 
!Kung» cannot be directly applied to the archaeological 
record, as Lee (1980) attempts to do. The lack of 
perspective will prevent any understanding of the processes 
at work and will only continue to foster statements such 
as Ripley's (1980) totally unsubstantiated assertion that 
'Kung fertility is inhibited.by secondary plant compounds 
ingested in their diet.

One must not conclude that prehistoric population 
studies will always be beyond the limits of scientific



1^5
inquiry. The nutritional research discussed, here is in 
its infancy; further work will enable more detailed 
analyses of the consequences of food production, animal 
husbandry, and sedentism. New paleoecological techniques, 
such as grass cuticle analysis (Palmer 1976; Livingstone, 
n»do), will improve the current paleoecological record.
The value of POPREG is that it demonstrates the need 
for carefully designed field studies. Small populations 
are affected by numerous variables, reducing most estimates 
of prehistoric change to mere armchair speculation.

The relationship between technology and demography 
must be analyzed dynamically. In an evolutionary sense, 
the development of complex cultural buffering systems has 
occurred in a very short time. In brder to understand 
current trends and establish reasonable future goals, we 
must understand the history of demographic processes that 
articulate human populations with their social and 
physical environment. Knowledge of the limitations of 
the available evidence, in conjunction with laboratory 
and computer techniques, will lead to a better understand
ing of human biology. The alternative is the continue 
the untestable philosophical arguments that plague the 
literature today.
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