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In June 1967 (see Wallace, 1968) at
a symposium sponsored by Syracuse
University and the New York State Science
and Technology Foundation, I first used
the terms “hard” and “soft” selection.
Since then these terms have enjoyed a
modest popularity. Not always, however,
have they been used in the sense I
originally intended. Such misuse is not
unexpected because the terms, although
illustrated by examples, were not defined.
Admittedly, my own interpretation of
these terms has changed during the inter-
vening years. It seems appropriate, there-
fore, to review the reasons for which the
terms hard and soft were first used, to
identify instances in which they have been
obviously misapplied or misunderstood,
and, using the original examples, to develop
definitions for them. Finally, I want to
examine Clarke’s (1973a, b) alpha-selection
to see whether, as he suggests, it cor-
responds to my soft selection.

THE ORIGINS OF THE TERMS:
HARD AND SOFT SELECTION

The terms kard and soft have origins
that trace to the concept of genetic load.
Genetic load, it may be recalled, is defined
(Crow, 1958) as the proportional amount
by which the average fitness (or any
other measurable trait) of a population
is reduced relative to that of the optimal
genotype. The genetic load concept as
defined leads almost inescapably to the
conclusion that populations of small or
medium size are genetically homogeneous
(Kimura and Crow, 1964): many neutral

*This paper was prepared while the author’s
research was supported under contract No.
AT-(11-1)-3149, U.S. Atomic Energy Commission.

EvoLuTION 29:465-473. September 1975

alleles cannot be maintained in a population
consisting of hundreds or thousands of
individuals; alternatively, the selective
elimination of ill-adapted homozygotes
supposedly imposes an unbearable load
on a population if alleles at more than a
few loci are retained through the selective
superiority of heterozygous individuals.

That populations are not genetically
homogeneous but, on the contrary, are
polymorphic for two or more alleles at
one third, one half, or even more of all
gene loci was revealed by studies utilizing
starch-gel electrophoresis (Harris, 1966;
Lewontin and Hubby, 1966). These ob-
servations stood in stark contrast to
expectations based on genetic load theory.
To accommodate them, one school (whose
members are now known as the neutralists)
merely increased the effective population
size of natural populations; populations
consisting of millions of individuals can
retain selectively neutral alleles at high
frequencies at many loci through mutation
pressure alone. A second school, whose
members are known as selectionists, holds
that the observed genetic variability is
maintained by selection (largely, but not
necessarily, the superiority of heterozygous
individuals). These persons, of necessity,
reject one or more assumptions upon which
genetic load calculations are based (see
Sved et al., 1967; King, 1967; Milkman,
1967).

To avoid the intolerable loss of zygotes
arrived at by the usual genetic (=segrega-
tional) load calculations, various devices
have been sought. Sved and his colleagues
suggested that for intrinsic physiological
reasons an upper limit might be assigned
to an individual’s fitness. Milkman stressed
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that the individual, not the gene locus,
is the unit of selection and, like King,
argued that selection culls individuals
from the low end of the fitness distribution,
thus leaving as survivors those in the
upper tail. The device that I developed
under the designation soft selection seems
to resemble most closely the ideas of
Milkman and King.

The words kard and soft were borrowed
not from population biology but from
international monetary exchange. Certain
countries operate on soft currency. When
exchanging such currency for dollars (until
recently, at least) it appears to be virtually
worthless. Within the home country,
however, financial transactions proceed
with dispatch, goods are bought and sold,
and the softness of the currency defies
detection.

If the suboptimal fitness of certain
genotypes depends upon the actual presence
of individuals possessing the optimal geno-
type (as defined by Crow), the designation
“suboptimal” in respect to fitness resembles
“soft” in respect to currency. In the
absence of the optimal genotype, those
with the highest fitnesses (rather than an
abstraction) become the real standards of
comparison; individuals with these geno-
types tend to survive while other, less
fit, individuals are eliminated from the
population, The inferior fitness of certain
genotypes is revealed by a direct comparison
with others possessing higher fitnesses, not
by a mathematician’s calculation.

In contrast to the above, lethal genes
often kill their carriers under all known
conditions. To calculate the proportion of
individuals that will survive the combined
effects of two, three, four, or more lethal
genes, one need only obtain the product
of the individual probabilities. The out-
come is entirely reliable; it can be verified
experimentally with relative ease. This
type of selection I have called hard. The
early calculations which were made in the
name of genetic load were made according
to rules which I regard as appropriate
only in the case of hard selection.
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DENSITY-DEPENDENT AND DENSITY-
INDEPENDENT SELECTION

Because soft selection leads to a prob-
ability of survival and reproduction for
one genotype that depends upon the pres-
ence or absence of individuals of other
genotypes and because hard selection leads
to a probability of survival and reproduc-
tion that is independent of these other
individuals, the terms soft and hard selec-
tion resemble in at least some respects the
older terms used by ecologists, density-
dependent and density-independent selec-
tion. I might have used these older terms
except that I was told they were contro-
versial. Because I was trying to resolve
what at that time had become the genetic
load controversy, it seemed pointless to
become unnecessarily entangled in an
additional one. This consideration provided
further reason for using the non-controver-
sial, undefined terms kard and soft.

In retrospect, the controversy among
some ecologists over the meanings of
density-dependent and density-independent
selection (if it still exists) seems resolvable.
An example illustrating the nature of the
conflict as I understand it goes as follows.
The death of individuals who fail to
establish private territories is density-
dependent; had fewer individuals existed,
all individuals could have had territories.
In contrast, death caused by a capricious
event such as a torrential rain is density-
independent because such an event is
independent of the numbers of individuals
of earth-bound species. On second thought,
however, suppose the rain kills only those
individuals who have no territories. Does
that make the deaths by rain density-
dependent? (This example could have
been inverted because the number of
territories might depend upon whether or
not a torrential rain has occurred.)

If the above example illustrates the
controversy fairly, there really is none.
A torrential rain, an early frost, or any
other natural calamity that is unrelated
to the number (or density) of individuals
of a species may be necessary for density-
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independent selection but is not sufficient
in itself to guarantee that the resulting
mortality is in fact density-independent.
It is not appropriate to ascribe causes
of death to individual factors which operate
sequentially or synergistically.

Once again we can ask: “Should the
terms hard and soft selection, be replaced
by the older ones, density-independent
and density-dependent selection?” Before
addressing this question, I want to dispose
of some obvious misuses of the undefined
terms, misuses that clearly ignore the
original illustrative examples.

Misuse oF THE TERMS ‘“HARD”
AND “SoFT” SELECTION

In at least one publication, egg and
larval mortality have been equated with
soft selection. This is a misuse of the
term. Lethal genes, for example, provided
an illustration of hard selection: one
balanced-lethal system kills one half of
all individuals and permits one half to
survive; two independent balanced-lethal
systems permit only one quarter of all
zygotes to survive; three, one eighth; four,
one sixteenth: and so forth. This example
illustrates the mathematical rigor that
characterizes hard selection; furthermore,
it serves as an example of hard selection
even though the lethal genes involved
might kill individuals very early in develop-
ment. Juvenile deaths may raise questions
about the replacement of missing individ-
uals (see Wallace, 1963) but in themselves
do not serve to distinguish between hard
and soft selection.

Dobzhansky (1970: 226-277) has sug-
gested that the terms hard and soft be
replaced by the terms rigid and flexible.
The latter terms have been used (Dobzhan-
sky, 1962) in describing the contrasting
patterns of chromosomal polymorphisms
in Drosophila. Although the two pairs of
terms have a superficial similarity, they
describe quite different things and, there-
fore, are not interchangeable.

The terms “rigid” and “flexible” were
first used to describe the gene frequencies
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(or, in Dobzhansky’s studies, the fre-
quencies of cytologically identifiable gene
arrangements) observed in samples ob-
tained from spatially isolated populations
or from a single population that was
sampled periodically over a prolonged time.
If the arrays are statistically homogeneous,
the polymorphism is said to be “rigid”;
if, on the other hand, the arrays are statis-
tically heterogeneous, the polymorphism
is said to be “flexible.” These terms have
been used in precisely this original sense
by Crumpacker and Williams (1974) in
reference to populations of D. pseudo-
obscura found in Colorado. For unknown
reasons, inversion frequencies in popula-
tions living south of Denver undergo sea-
sonal cycles (i.e., are flexible) whereas
those north of the city do not (ie., are
rigid). It is difficult, if not impossible, to
equate the terms rigid and flexible which
describe the alternative outcomes of a
statistical test for homogeneity with kard
and soft which refer to the action of
selection within a population.

ARE HARD AND SOFT SELECTION
IDENTICAL TO DENSITY-INDEPENDENT
AND DENSITY-DEPENDENT SELECTION?

The non-committal (and undefined)
terms, hard and soft, were intended to
cover some of the situations which are
known to ecologists and ecological geneti-
cists as density-independent and density-
dependent; otherwise, I would not have
considered using the older terminology.
Nevertheless, the existence of the two
terminologies provides an opportunity to
compare them and, should they prove not
to be identical, to retain both while making
clear what their differences are. In antic-
ipating the outcome of this comparison, I
expect to demonstrate that soft selection
differs from density-dependent selection by
including frequency-dependent selection
as well. That is, I expect to show that my
earlier examples of soft selection (Wallace,
1968, 1970) depend upon both density of
individuals and the frequency of differing
genotypes unlike density-dependent selec-
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tion which may be independent of gene
frequencies.

Hard selection is that which can be pre-
dicted (as population geneticists have
always done) with no recourse to individ-
uals. The selective coefficient for a partic-
ular genotype is fixed. This coefficient
holds for all gene frequencies; therefore,
one can perform calculations that predict
the elimination of a deleterious gene from
a population or the establishment of an
equilibrium between mutation and selec-
tion. Density, in the sense of numbers of
individuals per unit space, never enters
into these calculations. Consequently, hard
selection is both density- and frequency-
independent. For that reason, it is the
mathematical geneticist’s dream; for the
same reason, it is the ecologist’s nightmare.
Calculations can be carried out without
qualification over all gene {requencies
from 1.00 to O and, through the use of
either additive or multiplicative processes,
over any number (from 1 to 10,000 or more)
of gene loci. Unfortunately, little of the
real world corresponds to calculations of
this sort.

I suggested above that soft selection is
both density- and frequency-dependent.
This suggestion needs closer scrutiny using
as evidence the examples which I cited in
the past. If the suggestion is borne out,
I shall propose that density-dependent,
frequency-dependent selection be referred
to as soft selection.

One example (Wallace, 1968, 1970: 90)
involved the seemingly fixed number of
suitable pupation sites in some Drosophila
culture vials; these vials tend to yield
constant numbers of adults. Details might
vary somewhat in respect to the survival
of particular genotypes out of the arrays
generated by different laboratory strains
but the implications are quite clear: any
strain, or population, of Drosophila flies
grown in these vials would yield essentially
the same number of adults because a fixed
number of suitable pupation sites is avail-
able to them. I would expect, for example,
that a wild-type strain of D. melanogaster
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and a mutant strain carrying several marker
genes to yield about the same number of
flies in such cultures. And, in a sense, it
is known that such different strains do
yield remarkably similar numbers of flies.
The relative ease with which homozygous
mutant flies can be maintained in stock
cultures fails to reflect the low survival
values these same genotypes would exhibit
were they to develop together with wild-
type flies in a single culture bottle. In
many respects an adult fly resembles the
Dean of the Faculty at a university: the
position exists and needs filling; the cre-
ation of a dean does not require, however,
the existence of faculty members with
deanlike qualities because the position
will be filled in any case.

The example cited above has obvious
bearing on density-dependent selection.
The number of survivors is more-or-less
fixed by suitable pupation sites. Conse-
quently, one can imagine cultures in which
the probability of survival approaches
100% (when the number of young larvae
is equal to or less than the number of
pupation sites) or exceedingly low (when
the number of young larvae greatly exceeds
the number of these sites). Now, if among
the competing larvae, genotypes of varying
fitnesses (with respect to successful pupa-
tion) occur in comstant proportions, then
the greater the number of young larvae in
the culture, the greater the probability that
all survivors will be of the more successful
genotypes. The relative frequencies of
different genotypes in this instance were
said to be constant; therefore, the poorer
chance of survival of the weaker genotypes
and the greater proportion of the stronger
ones among adult survivors represent
changes wrought by density. Hence, these
cultures (and all other situations in which
the number of survivors is largely deter-
mined by sites or territories) illustrate the
working of density-dependent selection.

Consider now, however, the same culture
conditions as before but in the present case
the number of young larvae competing for
pupation sites is held constant—say, four
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times as many as can successfully pupate.
In this example, we now imagine that
there is a greatly superior genotype which
(in different cultures) is represented by
0, 1, 2, 3, 4, . . . individuals, Clearly,
the survival of larvae of the less successful
genotypes will depend upon the frequency
of superior larvae. Density, in this case,
has been held constant while the relative
frequencies of different genotypes were
allowed to vary. Variation in frequency
affects survival, consequently, soft-selec-
tion is frequency-dependent selection.
Thus, by the arguments presented in these
two paragraphs, the example cited as an
illustration of soft selection has been shown
to involve both density- and frequency-
dependent selection.

A second example used in illustrating
soft selection (Wallace, 1970: 91-93) in-
volved not survival but the reproductive
(mating) success of male flies. By means
of a simple experiment whose details need
not be repeated here, male D. melanogaster
raised in laboratory population cages were
shown to be only 1/16th as efficient at
inseminating females as were bottle-raised
males. “Cage-raised” and “bottle-raised”
in this illustration can be regarded as flies
of two contrasting genotypes. Had the
study involved relative viability, 1/16
would have qualified for the designation
“lethal”, thus, the cage-raised males would
have been treated as dead. Obviously,
however, these males keep cage populations
going. In the absence of the more efficient
(bottle-raised) males, there is no detriment
in the tardiness with which cage males
find and inseminate females. The experi-
mentally demonstrated “inadequacy” of
these males in no way threatens the exis-
tence of cage populations.

The above example was used to illustrate
soft selection; the two types of males can
as well be thought of as two contrasting
genotypes. The designation “soft selection”
was based in this instance on frequency-
dependent selection: the presence of su-
perior males revealed an inadequacy not
previously suspected; their presence in
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sufficient proportions might have prevented
the cage-reared males from fathering any
offspring at all.

Suppose that one did not alter the
relative proportions of the two types of
males but, rather, altered the total numbers
of each while keeping their proportions
constant. Would the increase in total
numbers of males decrease the probability
of mating on the part of the inferior males?
Not if the total number of females is
correspondingly increased! Thus, (re-
garding “cage-raised” and “bottle-raised”
as designations for two genotypes), 500
females + 500 cage-raised males + 100
bottle-raised males should confer the same
relative fitness on cage males as would
1000 females + 1000 cage-raised males
+ 200 bottle-raised males. If density de-
pends upon population number and if the
numbers of the two sexes fluctuate up and
down together, the differential mating
ability of males may illustrate frequency-
dependent (density-independent) selection.
In this case, the example does not illustrate
soft-selection as I now define this term. On
the other hand, if the number of females
were artificially held at 500 while the males
were increased to 1000 (cage) + 200 (bottle)
from an earlier 500 (cage) + 100 (bottle),
mating success would prove to be density-
dependent as well as frequency dependent.
Females in the latter case would correspond
to the pupation sites or territories of the
earlier example.

A third example of the ostensible
working of soft selection is described in
Wallace (1970: 106) and has been studied
experimentally by Coman and Wallace
(1973). The original claim was as follows:
if members of each generation serve as
their own competitors and as their own
standards, inbreeding might aeppear to lead
to a temporary depression in fitness which
would later appear to be reversed. The
explanation for this hypothetical course
of events is that the variance in fitness
among individuals might increase at first
and then decrease. Both at the start of the
inbreeding program (where the starting



470

population consists of uniform F; hybrid
individuals) and late in its course (when
homozygosity would have been established
by inbreeding), the between-individual
variance would be small and the expected
selective mortality would also be small.
Small mortality can, of course, be mis-
interpreted as high survival or high fitness.
In the intervening generations, the between-
individual variance would be larger, selec-
tive mortality would be larger, over-all
survival in the culture lower, and the
(erroneous) estimate of fitness lower.

The data presented by Coman and
Wallace (1973) closely followed the pre-
dicted pattern; however, these authors
were reluctant to claim that the suggested
interpretation of this course of events is
correct. The present task, however, is to
re-examine the original argument in the
light of the definitions of hard and soft
selection that are now being developed;
that is, that soft selection is both density
and frequency dependent whereas hard
selection is neither.

The argument concerning the role of
variation in fitness and selective mortality
can be best visualized in terms of territories
even though the immediate example in-
volves Drosophila larvae in a culture vial.
Neglecting events that might occur under
conditions of pathological over-crowding
(where all individuals might starve), larvae
of uniform food gathering abilities in a
crowded culture bottle can be imagined as
eking out livelihoods in rather minimal,
three-dimensional territories that permit
the greatest number of larvae to survive.
This expectation would hold whether the
larvae are uniformly vigorous or uniformly
decrepit.

If, in contrast to the preceding stipula-
tion, the population of larvae is highly
variable in respect to the vigor with which
they seek and compete for food, some larvae
may obtain more than the minimal amount
of food required for surviving, thus assuring
their own excellent health as adults.
Weaker larvae, by the same token, may be
prevented from obtaining enough food to
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between four types of selection: hard, soft,
density-dependent, and frequency-dependent.

survive. Consequently, variation among
larvae in competitive food-gathering ability
is expected (in the absence of cross-feeding,
facilitation, or other complications) to re-
duce the number of surviving adults.

Whether in fact the survival of larvae
follows the scheme outlined above or not
and, furthermore, whether this scheme
explains the results obtained by Coman
and Wallace (1973), the example as de-
scribed fits the new definition of soft selec-
tion. The postulated elimination of weak
and poorly competitive larvae would be
dependent upon both the frequency of
aggressive ones among a larval population
of constant size, and the total density of
the larval population with the frequency
of aggressive ones held constant.

This brief review of the examples which
were cited earlier (in lieu of a formal
definition) to illustrate soft selection has
shown that the terms hard and soft selec-
tion have meanings that complement the
older density-dependent (or independent)
and frequency-dependent (or independent)
concepts in an intellectually pleasing man-
ner. As shown in Figure 1, hard selection
is the absence of density and frequency
dependence whereas soft selection is the
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presence of both. In passing, it might be
noted that Figure 11 of Wallace (1970)
shows gene frequency as one of the axes
of a three-dimensional diagram; the legend
to this figure refers explicitly to both
frequency- and density-dependent selection.

BryaN CLARKE’S ALPHA-SELECTION

In two papers, Clarke (1973a, 4) has
presented an extensive analysis of the
relationship between mutation and popula-
tion size. During the course of his analysis,
he identifies a component of selection
(alpha-selection) that is based on the
relative competitive ability (a1 or a2)
between individuals of two phenotypes
(M- and mm) and suggests that this com-
ponent may correspond to the soft selection
of Wallace (1970). Because the concept
of soft selection has only now been defined,
it remains to be seen whether alpha-selec-
tion is both frequency- and density-depen-
dent and, further, whether it is the only
component within Clarke’s model that is
both frequency- and density-dependent.

The model of population growth analyzed
by Clarke is based on a model in which the
competition between two species is repre-
sented by the equations

dN, wy Ry
2 -1
dt Nl(k1+w1N1+a1'lU2N2 )

and

dNp _ wo ko 1)

dt _Nz(k2+W2N2+azw1N1 -

(Clarke, 1973b; equations 12 and 13).
In these equations, w corresponds to, but
is not identical with, » of the more familiar
Lotka-Volterra equation and k& corresponds
to K.

Given that the fertility and fecundity of
all genotypes are equal and that young are
produced in excess (E) but are subjected
to density-independent mortality (v, for
M- and v, for mm), the intrinsic selective
values for M- and mm equal w; (= v,E)
and w. (= v:E).

Combining the effects of density-inde-
pendent and density-dependent selection,
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Clarke arrives at overall selective values:

(for M-)

a= w1 Ry
Tkt wiN(1—¢?)+ aywa2Ng?
and
(for mm)
c 1U2k2

- ks + waN@* + acxwy N(1—¢?)

(Clarke, 1973b; equations 16).

The information which we now seek
from Clarke’s model can be obtained by
forming the ratio ¢/¢ which equals:

wy by (k2 + waNg? + azwi N(1 —g%) ]
woko[ky + wiN(1—¢?) + ayw2 N ¢*]

Case 1: al — a2 = a k1=k2:k.

In this case:

_a__&[k-l—szqz-l-awlN(l_qg)]
¢ wilk+ awsNg2+ w N(1-g?)

In the special case a1 = ez =1.00,
a/c = wy/w2; that is w; and w; are truly
intrinsic and independent of both N and gq.
By the definition developed in the pre-
ceding sections, w-selection in this special
case is hard selection.

If, however, a1 = a2 # 1.00 or o1 # aq,
w-selection is both density and frequency
dependent because the complex fraction
in brackets involves both N and ¢. This
complication does not appear in the ordi-
nary calculations of population genetics
because the possible effects of population
size and interactions between individuals
are omitted from the underlying assump-
tions.

Case 2: W = W =W, k1:k2:k.

In this case:
a __k+twNg+ awwhN(1-g%
¢ k+wN{A—-¢2)+awNg®

_k+wN[g®+ ax(1-¢°)]
k+wN[(1—¢°%) + a1¢?]

If a3 = a2 = 1, the ratio ¢/c = 1. However,
should a1 = a2 7 1 OF a1 7 a2, the ratio a/c
depends upon both N and g and, hence,
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illustrating the
checkerboard of Fig. 1 in each of two planes:
in the upper one, a1 = a>=1.00; in the lower
one, ai; s az or oy = az 5= 1.00. The distortions
that occur in passing from the upper to the lower
plane are explained in the text.

A diagram 2X2

a-selection is both frequency and density
dependent. Consequently, Clarke’s a-selec-
tion is a form of soft selection.

Case 3: W) =wWa=W,a1 =az = a.

In this case:
a _kike+wNg2+awN(1—g?)]

¢ " klki+awN@E+wN(1—¢%)]
This can be reduced to:

a 1 + (wN/k2) [¢* + «(1 —¢%) ]
¢ 1+ (wN/k)[eg*+(1—-¢?)]

If azl,

i_1+wN/k2
¢ 14+wN/k®

In this case, k-selection is density-depen-
dent but frequency-independent. Should
« not equal 1.00 or a; not equal ag, then
k-selection is also both frequency and
density dependent.

Under Clarke’s model, all three com-
ponents of selection may be both frequency-
and density-dependent and, therefore, soft
according to the newly proposed definition.
Intrinsic selection is “intrinsic” only if
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a1 = as = 1; that is, if individuals of each
phenotype inhibit members of the other one
precisely as they inhibit their own kind.
Under this same special circumstance
(@1 = as = 1), k-selection is density-depen-
dent only and, consequently, does not
qualify as soft selection.

The above analysis of Clarke’s model
suggests that the simple 2 X 2 diagram
shown in Figure 1 conceals ecological com-
plexities that are shown more clearly in
Figure 2. The checkerboard of Figure 1
is now shown in each of two planes: in
the upper plane, a; =as = 1.00; in the
lower one, a1 7= a2 Or a1 = a2z 7 1.00. Soft
selection is not represented in the upper
plane (note that the half plane labeled
frequency dependent is represented by
dashed lines) because of the stipulation that
that is, all individuals of
whatever genotype (or phenotype) have
identical competitive effects on one another.
Under this stipulation, frequency-depen-
dent selection becomes an abstraction. In
the lower plane, the entire checkerboard
is taken over by density- and frequency-
dependent (= soft) selection; the other
areas degenerate to points or lines. Hard
selection, the type of selection upon which
the calculations of population genetics are
based, does not exist in the lower plane;
it is found only in the upper one. The
diagram illustrated in Figure 2 does not
seem to account for frequency-dependent
(density-independent) selection, a type of
selection illustrated by the second example
discussed above and by the “rare” male
effect of Ehrman (1966) and Spiess
(1968).

Although the relationships between w-,
k-, and a-selection and hard and soft
selection have been clarified somewhat in
this section, the model as developed by
Clarke, does not touch on the enormous
difficulties originally raised by genetic load
theory. In his analysis, Clarke has limited
the model to what, in load theory, is
mutational load. Mutational load has
never posed substantial problems for
ecologists. Rather, it is the suggestion

) =a2=1;
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that the combined segregational load of
many gene loci can overwhelm a popula-
tion and cause its extinction that requires
a response. The application of Clarke’s
model to an understanding of the segrega-
tional load would seem to be a formidable
task: w;, k;, and o; would be assigned to
the ith genotype of an array of n genotypes.
Furthermore, the frequencies of these geno-
types would need to be specified (in place
of the simpler ¢? and (1 - ¢2) of the muta-
tion model). Presumably, if the calculations
could be carried out, the analysis would
reveal that genotypes whose frequencies are
vanishingly small do not affect N (popula-
tion size) greatly, whatever their «-values.
Thus they are useless as standards by which
to foretell the population’s demise; stated
differently, genetic loads calculated by
the use of such standards are useless
for this purpose.

SUMMARY

The concepts of hard and soft selection
(Wallace, 1968, 1970) have been reviewed.
Juvenile mortality as well as rigid and
flexible selection (Dobzhansky, 1962, 1970)
have been shown to be unrelated to the
ideas illustrated by the published examples
of soft selection. The following definitions
are suggested: hard selection is both
density and frequency independent; soft
selection is both density and frequency de-
pendent. Under this classification, selection
that is now referred to as “density-depen-
dent” would be frequency-independent
while that known as “frequency-dependent”’
would be density-independent (Fig. 1). An
analysis of an ecological model presented
by Clarke (1973a, b) reveals that under
certain conditions «-, k-, and w-selection
all qualify as soft selection. Clarke’s
a-selection is always soft; his k-selection
may at times be density-dependent only.
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