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ABSTRACT A general measure relating the relative effects of mortality and 
fertility in damping population growth has been derived from stable population 
theory. This measure, called the Index of Growth Regulation, can be calcu- 
lated from a life table and a fertility schedule. It is a single number which 
integrates the fertility and mortality aspects of a population. It has intuitive 
meaning, and can be related to social aspects of the population. It can be used 
to compare any two populations, and for this purpose it has advantages over 
traditional comparative statistics such as life expectancy, which consider only 
mortality. 
By selecting life tables representing general stages of human cultural evolu- 

tion, it has been shown that hunting-gathering populations were regulated 
more by mortality than by fertility factors. That is, more growth which could 
have occurred did not occur due to the incidence of mortality than to the 
incidence of infecundity. The two forces were of about equal weight before 
the industrial revolution, and fertility has had a predominant role in popula- 
tion regulation since the beginning of industrialization. 
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Many contemporary scientists are con- 
cerned with analyzing the processes by 
which human populations regulate their 
growth. This concern derives from sev- 
eral separate interests, including genetic, 
ecological, and purely demographic ones. 
This paper will examine some basic ele- 
ments of population regulation and will 
introduce new measures for this which 
are of special interest and relevance to 
anthropologists. 

The only two major biological factors 
which are ultimately involved with the 
regulation of population growth are fer- 
tility and mortality. The relative effects 
of these two forces in a given population 
have been examined in several ways. From 
a genetic point of view Crow (‘58) intro- 
duced his Index of Total Selection, now 
often called the Index of the Opportunity 
for Selection. This index partitions vari- 
ance in mean fitness into a component 
associated with differential fertility with- 
in the population and one associated with 

differential mortality. This approach re- 
veals, for a given case, the relative impor- 
tance of these two forces for natural selec- 
tion. In this way, Crow relates Fisher’s 
Fundamental Theorem of Natural Selec- 
tion to the demographic structure of a 
population (see Cavalli-Sforza and Bod- 
mer, ’71). 

Other studies have related the growth 
potential of a population to its fertility 
and mortality structure by examining the 
effects of changes in that structure on 
growth (Cole, ’54; Lewontin, ’65; Meats, 
’71). Recently many articles have appeared 
which relate growth rates, demographic 
structure (the results of mortality and 
fertility patterns) and genetic considera- 
tions; among these are Charlesworth (‘70), 
Charlesworth and Giesel (‘72a,b), Ander- 
son and King (‘70) and King and Anderson 
(‘71). There is, therefore, a growing con- 

1 A short version of this paper was read at the 1972 
meetings of the American Association of Physical An- 
thropologists. 
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cern among zoologists with the relations 
between growth rates, fertility and mor- 
tality structure, and genetics. 

From a more purely demographic stand- 
point, Coale (‘57) showed that for a given 
population the effects of changes in the 
fertility schedule are far greater than are 
those of changes in the mortality sched- 
ule on the staible age distribution which 
results. This did not relate to growth rates, 
and if they are held constant the relative 
effects of fertility and mortality changes 
would differ (and be more difficult to as- 
certain) from those obtained by Coale. 

For much that is of interest to anthro- 
pologists studying the effects of biological 
and cultural evolution on human popula- 
tions, one would like to be able to relate 
the fertility and mortality schedules to 
each other as they affect the population 
while at the same time maintaining some 
control over what happens to the growth 
rate. The value of this kind of measure 
will become clear. 

In general, when one talks of popula- 
tion regulation one is referring to the 
damping or curbing of growth. That is, 
most animal populations exhibit approxi- 
mately zero growth, whereas they are phys- 
iologically capable of rapid growth. Much 
of the “new” biology with its emphasis on 
the behavior of natural populations con- 
cerns the social-behavioral means by which 
populations limit their fertility. Selection 
for self-regulating behavior has doubt- 
lessly occurred in higher vertebrates, al- 
though whether by the means advanced 
by Wynne-Edwards (‘62) or not (Williams, 
’66) is open to question. A discussion of 
various aspects of the question is in Mc- 
Laren (‘71). For the present, the impor- 
tant point is that the spacing, growth, and 
fertility regulation are closely connected 
through animal behavior. The case is 
similar for anthropologists, in that much 
of interest to us concerns the way in 
which populations are spaced and their 
growth controlled, in particular the way 
fertility is regulated. 

The result of much of the work done on 
animal behavior conflicts with the Dar- 
winian view of natural selection. That 
view, that selection generally works by 
weeding the less fit from an overproduced 
offspring cohort, is now considered an 
oversimplification. Nature does not gen- 

erally operate by crises plethoriques, as i t  
were, but by preventing the birth of excess 
offspring, in many higher vertebrates. Mor- 
tality of course also plays a part in popu- 
lation regulation, and hence it is impor- 
tant to be able to relate the relative 
effects of both fertility and mortality in 
the non-growth of an animal population. 

In the case of humans it is not unrea- 
sonable to assume that our ancestral pop- 
ulations were generally non-growing ones. 
This was due to myriad “natural” forces 
of mortality (accident, disease, etc.) and 
some fertility controls of a “natural” kind 
(e.g., nutritional deficiencies affecting fe- 
cundity). In addition, however, there are 
many cultural factors by which we affect 
both our mortality and fertility. Among 
these are warfare, murder, infanticide, 
abortion, contraception, bride price and 
delayed marriage, infant neglect, lacta- 
tion intercourse taboos, and so on. What 
are the net effects of these combined fac- 
tors in our population control? How much 
growth would occur in their absence? 

Population theory 

One can measure the relative effects of 
fertility and mortality in population con- 
trol by appealing to stable population 
theory and extracting the required mea- 
sures. The general theory of stable popu- 
lations is given in most detailed exposition 
in Keyfitz (‘68) to which the reader is 
referred. A population’s age structure, 
growth, birth, and death rates are all 
determined by the age-specific mortality 
and fertility rates which exist. If these 
rates are fixed, and if there is no net mi- 
gration to or from the population, the 
age structure of the population (the per 
cent of the group at each age) will be- 
come fured. This is the stable age distri- 
bution, so called because if the mortality 
and fertility schedules are temporarily 
perturbed and then returned to their orig- 
nal values the age distribution also will 
return to the stable form. This age dis- 
tribution is completely defined by the 
following equations: 

(1) 1 = &-.x p(x ) f (x )dx  

(2) 1 = X k - * x  p ( x ) d x ,  
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where p(x )  is the chance of surviving from 
birth to age x, f(x) is the chance a female 
age x will give birth to another female 
child, b is the overall (crude) birthrate 
per person per year, and r is the growth 
rate per year. r equals the crude birth 
rate minus the crude death rate; if these 
rates are equal, r = 0, and the population 
is called stationary, which is a special case 
of the stable population. 

The important part of equation (1) for 
us is the function 0(x) = p(x)f(x), called 
the Net Maternity Function. Its sum over 
all fertile ages (generally 15 to 50 in hu- 
man populations) is equal to the number 
of times each female born will, on aver- 
age, replace herself before she dies. It 
therefore represents the behavior of an 
entire cohort or generation of individuals. 
This sum, called the Net Reproduction 
Rate (NRR) and abbreviated R,  in most 
demographic literature, is equal to 1.0 in 
a stationary (non-growing) population, and 
is greater than 1.0 if the population is 
growing since each female will more than 
replace herself in such a case. 

If R ,  exceeds 1.0 and the population is 
therefore growing, we can determine the 
annual growth rate from its value (R,  mea- 
sures the growth proportion for an entire 
generation). This is given by the relation 
(3) R,, = ,rT 

where T is the generation length, which 
is approximately equal to the average age 
of childbearing. 

Whenever reproduction does not occur 
which under some “ideal” (maximal) con- 
ditions might occur, we will say that the 
population’s growth is thereby damped. 
When this is due to the death of a poten- 
tial breeder who under the ideal circum- 
stances would have bred, we will define 
this as mortality damping; when it is due 
to the failure to breed of a living individ- 
ual who under the ideal conditions would 
have bred, we define this as fertility damp- 
ing. These terms are to be applied regard- 
less of the specific reason for the failure 
to reproduce (that is, regardless of the 
specific cause of mortality or infecundity). 
If we can specify the ideal rates of mor- 
tality and fertility, namely those which 
would produce maximum growth, then we 
can compare any actual population against 
the ideal and determine how much of 

the growth differential between actual 
and ideal is due to fertility damping and 
how much to mortality damping. 

The amount of mortality damping is de- 
fined as the difference between the growth 
rate actually observed, r ,  and that which 
would result from ideal mortality condi- 
tions and the observed fertility, call it r , , , .  
The survivorship function, p(x), is equiva- 
lent to specifying mortality rates. An ideal 
mortality schedule could be approximated 
by assuming that in human populations 
the only individuals not physiologically 
capable of living at least to age 50 
(through their reproductive span) were 
those with genetic defects. All others could 
be said not to be fated to an early death. 
Since such genetic defects are very rare, 
it is not unreasonable to approximate 
ideal mortality conditions by saying that 
p ( x )  = 1.0 up through age 50. In fact, 
in modern societies p(50)  can be up to or 
greater than 0.95, as is the case for Nor- 
way recently (Keyfitz and Flieger, ’68). 
Thus, complete survivorship through all 
of reproductive years is not an unrealistic 
“ideal.” In such a case, the Net Mater- 
nity Function would be 
(4 ) @,,,(Xi = l . O f ( X ) ,  

and mortality damping is 
(5) G,,, = - r. 

Similarly for fertility, we can estimate 
the amount of fertility damping by com- 
paring an actual growth rate with that 
which would occur with maximized fertil- 
ity and the observed mortality. This re- 
quires the determination of an ideal fer- 
tility schedule, f’(x), with which the Net 
Maternity Function would be 
(6) IDfCX) = P ( X i Y ( X j ,  

and the fertility damping is 
(7) Gf = rf - r. 

Given the values of mortality damping, 
GI,,, and fertility damping, Gf,  we can de- 
fine the total Index of Growth Regulation 
(IGR) as 

( 8 )  

When the population’s growth, as con- 
trasted with the ideal, is more damped 
by fertility factors than by mortality fac- 
tors the value of G will exceed 1.0, when 

Gf 
G,,, 

G=-. 
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the forces are equally effective G = 1.0, 
and if mortality dominates G will be less 
than 1.0. 

The Index of Growth Regulation is a 
single number assigned to a given popu- 
lation which relates the fertility and mor- 
tality patterns of that population to each 
other. It is a number by which any two 
populations may be compared, and it has 
intuitive meaning. Most other statistics 
now used to compare life tables are re- 
lated to crude birth or death rates or to 
life expectancy; hence they do not in- 
tegrate aspects of the population struc- 
ture as the IGR does. For the uses to 
which it can be put in anthropology, the 
IGR has many advantages over these other 
statistics. 

The computation of the IGR requires 
the determination of three growth rates: r 
derived from 0 (x), r,,,derived from O l l L [ x ) ,  
and rf derived from @Ax). Compudng 
growth rates is not a direct procedure, 
since T is the real root of equation (1) 
which is only implicitly given by that 
equation. There are many methods for 
solving for r ;  that used in this paper in- 
volves computing various cumulants of 
the probability density function @(x)/R,, 
and using iteration methods for approxi- 
mating r. These calculations are easily 
made using a computer; their details can 
be found in Keyfitz (‘68) chapter 5 and 
chapter 6 section 2. 

The basic computations discussed thus 
far can be made from abridged life tables, 
using approximations, for the integrals, 
which are summations over age classes; 
see Barclay (‘58) for a discussion of the 
life table. 

For a simpler means of estimating the 
same demographic status of a population 
from its life table, one can deal with 
0 ( x )  values directly without having to 
solve for growth rates. By summing @(XI, 
Glz(x), and 0dx) over all fertile years, 
one derives the actual NRR (R,), a similar 
value for ideal mortality and observed 
fertility (It,,$ and one for observed mor- 
tality and ideal fertility (Rf ) ,  respectively. 
These values do not represent annual 
growth rates as the values in equations 
(5) and (7) do, but rather the behavior 
of a cohort of individuals over their en- 
tire lifetime. The Net Reproduction Rate 
is in units of cohort replacements per co- 
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hort, and represents the number of times 
a cohort of individuals replaces itself in 
one generation. To compute a “G” value 
from NRRs rather than r’s is to look at 
generation behavior rather than annual 
results. To be informed of the growth 
“rate” of a generation of individuals is, 
however, not equivalent to knowing the 
annual growth rate of a population made 
up of those individuals. This is because, 
although there is a unique relationship 
between R, and r (given by equation (3)), 
this only obtains for a fixed generation 
length, T.  The generation length is deter- 
mined by the parameters in 0 ( x )  and by 
the growth rate (see Keyfitz, ’68), and 
hence it is possible for two populations 
to have the same R,, but different r values. 
The difference in generation lengths for 
life tables from reasonably similar popula- 
tions is slight, however, and the simpler 
method of approximating G is about as 
informative as the more “elegant” formu- 
lation in terms of growth rates. 

Application of the Index of Growth 
Regulation 

We can now turn to an important and 
interesting question regarding the evo- 
lution of human cultures: has cultural 
evolution changed in a systematic way 
the relative importance of fertility and 
mortality factors in the damping of popu- 
lation growth? This question can be an- 
swered in a quantitative way by the IGR. 

There are many ways of viewing the 
changes which have probably occurred in 
the course of human cultural evolution. 
Most anthropologists would probably sub- 
scribe to some sort of series of cultural 
stages through which the majority of hu- 
man cultures in some sense can be said 
to have passed. White (‘59) and Service 
(‘62) discuss a rather general and ac- 
ceptable schema for this; while many 
would argue with the details of the social 
characteristics applicable to various stages, 
and others object to the use of “stages” 
at all to represent a continuum of variety 
and change, surely some general things 
can be said about cultural evolution. We 
can agree that most of human history has 
been lived in hunting-gathering bands; 
following this there gradually arose swid- 
den agricultural groups (or groups with 
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some similar quasi-fixed settlement ecol- 
ogy); from such groups the development 
of urbanized agricultural states occurred. 
These persisted for a long portion of re- 
corded history until the industrial revo- 
lution wrought dramatic changes in the 
entire human life style. 

Because the available data from an- 
thropological sources allow little discrimi- 
nation beyond such a broad schema, and 
because such broad categories are gen- 
eral enough that they need not be 
regarded as rigid types, i t  is not un- 
reasonable to group human cultures of 
pre-industrial times as hunter-gatherer, 
proto-agriculture, and urban agriculture. 
It is possible, in fact, to represent com- 
mon demographic conditions among popu- 
lations at these levels, since many sets of 
data from similar cultures show similar 
demographic characteristics. This has been 
done by the author elsewhere (Weiss, 
’72a). Life tables were taken from reported 
survivorship data, and a fertility schedule 
was computed based on an assumed zero- 
growth condition for the various cultural 
stages by a method in Weiss (‘72a,b). 

The assumption of zero growth is con- 
sistent with most feeling about human 
ecology; even urban agricultural states 
have until recently been growing at rates 
very close to zero, and of course this is the 
only equilibrium condition for any long- 
term biological population. 

From life tables (with fertility sched- 
ules) representing these stages of pre- 
industrial cultures and a series of tables 
representing nations at various times in 
the industrial revolution, values of the 
IGR can be computed. This has been done, 
and the results are shown in table 1. The 

data from Guatemala 1893 are taken from 
Arriaga (‘68) and are included to repre- 
sent a tropical “underdeveloped colonial 
nation with high mortality; such popula- 
tions are common now and its seems prob- 
able that a large proportion of human 
beings who have ever lived have lived in 
such populations. There were no fertility 
data, and so a zero-growth fertility sched- 
ule was computed for Guatemala. The other 
recent data are from Keyfitz and Flie- 
ger (‘68). 

The values of Gf and G,,, represent growth 
rate differentials between the actual 
growth rate, r ,  and that which would 
occur under ideal fertility and ideal mor- 
tality, respectively. The calculation of Gf 
requires an ideal or maximal fertility 
schedule. The basic method was that given 
in Weiss (‘72a,b) with the assumption that 
a female, at the height of her fecundity, 
could produce no more than one offspring 
every 18 months, on average. This maxi- 
mum value was used throughout the cal- 
culations, and since modern cultures, with 
soft foods and consequent early weaning, 
can probably reproduce faster than this 
the assumption will reduce the value of 
G, for recent cultures. This will increase 
the significance of the pattern shown in 
table 1. 

The IGR values for cultures at various 
“points” along a cultural evolutionary 
schema show a clear and consistent trend. 
Fertility damping has become steadily 
more important in the control of popula- 
tion growth, relative to mortality. In hunt- 
ing-gathering cultures, fertility was only 
about 30.8% as important as mortality, 
whereas in most recent times it is about 
55.8 times as important. Fertility has 

TABLE 1 
Growth regulation index a n d  components  for selected populations 

Population Gf G, C T 

Hunter-gatherers 
Proto-agriculture 
Urban agriculture 
Guatemala 1893 
Sweden 1780 
U. K. 1861 
Sweden 1903 
Norway 1964 

0.0162 
0.0235 
0.0281 
0.0332 
0.0418 
0.0416 
0.0487 
0.0558 

0.0527 
0.0451 
0.0402 
0.0346 
0.0188 
0.0157 
0.0082 
0.0010 

0.308 
0.520 
0.697 
0.959 
2.222 
2.651 
5.940 

55.800 

0.000 
0.000 
0.000 
0.000 
0.006 
0.010 
0.011 
0.012 

1 Actual fertility data unavailable; based on fertility-adjusted zero-growth model. 
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gained in relative importance apace with 
industrialization and population growth. 
Just prior to industrialization the two fac- 
tors were of about equal significance. Of 
course since these values come from life 
tables representing an average of a wide 
range of experience, they are only ap- 
proximate; but the trend is clear and 
irrefutable. 

The reason for the acceleration in the 
relative importance of fertility during the 
industrial revolution is that mortality de- 
clined dramatically. This cannot easily be 
explained, since medical advances were 
very slow in becoming effective in reduc- 
ing mortality rates (McKeown and Brown, 
’55; McKeown and Record, ’62). Economic 
improvements probably resulted in better 
living conditions generally, and hence bet- 
ter nutrition and sanitation in urban set- 
tings (Thompson, ’53). It seems that Euro- 
pean fertility rates changed relatively little 
during most of this period, and the “demo- 
graphic transition” which occurred there 
is unique to human history. An interesting 
comparison of this with what occurs in 
“underdeveloped’ nations is given by Ar- 
riaga (‘70), who compares the European 
phenomenon with that in Latin America 
this century. “Underdeveloped’ nations 
probably cannot undergo the same kind 
of transition experienced in Europe; for 
this reason the Guatemala data represent 
a condition not comparable with any long- 
term condition of Europe. 

Since the interesting aspects of the 
changes revealed in table 1 center around 
the human behavior involved, a discussion 
of the meaning of the values of G raises 
an interesting question. Should infanticide 
be considered a behavior related to growth 
damping by morality or by fertility? Sure- 
ly the behavioral distinction between abor- 
tion and infanticide is a tenuous one, and 
abortion is always considered among the 
means of controlling fertility. Infanticide 
has probably always been an important 
factor in human demography; it is known 
widely in pre-industrial societies, and has 
even been surprisingly important in the 
European tradition (Langer, ’72). 

In the computation of G in table 1, in- 
fanticide is considered as a mortality fac- 
tor; that is, all live births are considered 
to have entered the population, and their 
deaths are a component of the infant 

mortality rate. This is partly a pragmatic 
decision, since most anthropological data 
do not allow the partitioning of infant 
mortality by cause. It is given support, in 
addition, by the fact that many infants 
who are killed by their parents in pre- 
industrial societies would very likely have 
died anyway. They are selected for in- 
fanticide in many cases because they are 
weak or deformed, because their mother 
is too young to nurse them successfully, 
because the environment cannot support 
them, or because they have siblings who 
are still dependent on nursing (Kny- 
wicki, ’34; Carr-Saunders, ’22). These in- 
fant deaths, at least, should be considered 
as part of the incidence of mortality, and 
the remainder of infanticides would make 
little difference to the value of G. 

If an industrialized nation were to be- 
come a stable, equilibrium cultural stage 
it would have to do so by reducing growth 
to zero. This is unlikely to occur by a vol- 
untary increase in mortality rates; it is 
more likely that, as is occurring in many 
nations today, fertility rates will be low- 
ered through various behavioral means. 
In fact, if Norway 1964 were to reduce 
its fertility to a zero-growth level its value 
of G would become 67.8, a noticeable 
change from its actual value of 55.8. It 
appears that, if medical advances are not 
countered with new sources of mortality 
which result from high population densi- 
ties, the potential effects of mortality will 
diminish steadily as survivorship continues 
to increase. Eventually, the relative effect 
of fertility will rise without limit as it be- 
comes the only demographic factor in- 
volved with the potential alteration of 
population growth. 
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