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Bull (1987) examined the evolution of phenotypic
variance and showed that random phenotypic varia-
tion can be favored in temporally varying environ-
ments. For the case of continuous phenotypic varia-
tion, Bull showed the optimal phenotypic variance is
linearly and positively related to temporal environ-
mental variance in the optimum phenotype and line-
arly and negatively related to the strength of stabilizing
selection on the phenotype. This result generalized a
number of other models of the evolution of variance
in specific phenotypes (Cohen, 1966; Slatkin and Lande,
1976; Gillespie, 1977; Kaplan and Cooper, 1984), and
it supports a large body of intuition and opinion on
the adaptive value of phenotypic variance among sib-
lings or within populations (Capinera, 1979; Crump,
1981; Kaplan and Cooper, 1984).

Bull’s (1987) analysis of the evolution of phenotypic

! Present address: Savannah River Ecology Labo-
ratory, Drawer E, Aiken, SC 29801.

variance did not consider the effect of other compo-
nents of an organism’s phenotype that decrease the
chance of low fitness values. The most commonly sug-
gested strategy for responding to variance in fitness
across time periods is repeated reproduction over pe-
riods of time longer than the time scale of environ-
mental variation (Schaffer, 1974; Goodman, 1984;
Bulmer, 1985). By spreading progeny production over
a broader time span, iteroparity can reduce the realized
magnitude of environmental variation affecting off-
spring success. Can iteroparity thus reduce selection
for phenotypic variation in a temporally varying en-
vironment? Here, I present a model that allows the
evolution of phenotypic variance to be examined in a
life-history context, and I examine the effect of itero-
parity on the evolution of phenotypic variance.

The Model

Following Bull (1987), let the fitness of a newborn
individual in generation ¢ be a Gaussian function of
its phenotype x, and of the environment
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While p(f) may be influenced by the environment, I
0.8 - suspect that in most cases this quantity will be influ-
o~ enced much less by extreme environments than will
b offspring success. So, for simplicity, I assume that p(f)
L 0.6 - is independent of the environment and the genotype,
> and henceforth I use p for p(z).
— With temporal variation in the environment, the
< 0.4 expected representation of genotype k over the long
d term is the geometric mean of the fitness over all
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0.0 where p(y,) is the probability of occurrence of envi-
. T T T T T ! T 1 ronment ¥, (Karlin and Liberman, 1974). Henceforth,
00 01 02 03 04 05 06 07 08 I call variance in ¥, “environmental variance.”
P In order to determine the importance of parental
Fic. 1. The effect of increasing parental survival survival to the evolution of phenotypic variance, I per-

on the optimal phenotypic variance relative to the case
of no contribution of parental survival to offspring suc-
cess. The ordinate is the optimal phenotypic variance
for an organism with overlapping generations ex-
pressed relative to that of an organism with nonover-
lapping generations. The relative effect of parental sur-
vival is independent of the magnitude of environmental
variation.
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where y, is a measure of the environment in generation
t expressed in terms of the phenotype that is optimally
adapted to it, w? is the strength of stabilizing selection,
with small values representing strong stabilizing selec-
tion (equivalently, w? can also be thought of as a mea-
sure of the environmental scope or tolerance of the
phenotype, with large values representing broad en-
vironmental tolerance [Lynch and Gabriel, 1987]), and
¢ is a constant equal to the maximum fitness of a phe-
notype in an environment to which it is optimally
adapted. I assume that ¢ is independent of genotype;
all phenotypes have the same fitness in the environ-
ment to which they are optimally adapted.

In addition, if each genotype, k, has variable expres-
sion according to a normal density function ¢(x|k),
with mean u and variance ¢2, then total offspring suc-
cess of an asexual genotype with nonoverlapping gen-
erations in an environment of type ¢, is the integral of
the product of the two above distributions multiplied
by the total number of offspring produced, N:

vy =N [ otlbrs vy @

Ncw - a7
b(k, ¢,)=\/—6;ﬁ“p{ 2(62+w2)} @

where A is u(k) — v, (after Bull [1987]). -

.The fitness of an organism with nonoverlapping gen-
erations at time ¢ is b(k, ¢,). However,, for an itero-
parous organism with overlapping generations, the ex-
pected representation in subsequent time periods must
also include the probability of parental survival. Thus,
fitness of an iteroparous organism is

formed a series of computer searches for maxima of
Equation (5) with respect to ¢2 over a range of values
of p and environmental variance. A hill-climbing al-
gorithm was used to estimate 2. For all searches, en-
vironmental variance was modeled as a normally dis-
tributed function, the mean phenotype u(k) was assumed
to equal the mean value of y,, and the geometric mean
fitness was constrained to 1, implying that, over the
long term, the population size was stable. These search-
es revealed that 62 increases with variance in ¢, in a
linear fashion, as in the case of nonoverlapping gen-
erations, but the slope of the relationship between 42
and variance in ¢, decreases as the contribution of pa-
rental survival to the geometric mean fitness increases.
The relative decrease in the optimal phenotypic vari-
ance with increasing contribution of parental survival
to geometric mean fitness is constant across all mag-
nitudes of environmental variation and is shown in
Figure 1. The introduction of a small amount of pa-
rental survival has a dramatic effect on the optimal
phenotypic variance. A change in p from 0 to 0.01
decreases the optimal phenotypic variance 5%, relative
to the case of nonoverlapping generations. When pa-
rental survival contributes only 0.1 to the geometric
mean fitness (p = 0.1) the optimal phenotypic variance
is decreased 23%, relative to the optimal phenotypic
variance when there is no parental survival.

While this analysis treats parental survival as the
variable of importance, the same analysis can be used
to examine the importance of total offspring success
on 2. Change in offspring success that is uncorrelated
with environmental variance may come about through
change in the expectation of survival of individual off-
spring or through change in the absolute number of
offspring produced. Change in total offspring success
results in a change in the relative contribution of pa-
rental survival to geometric mean fitness of opposite
sign. Thus, change in total offspring success and change
in parental survival have opposite effects on 2. The
dependence of 52 on total offspring success differs from
the case of nonoverlapping generations.

DISCUSSION

1t is clear from the analysis presented above that the
introduction of parental survival and reproduction in
more than one time period to a life history can strongly
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reduce selection for phenotypic variance. This result
is due to the buffering of fitness against very low values
by parental survival. When parental survival is pos-
sible, selection favors genotypes that produce a rela-
tively narrow range of phenotypes; a range suited for
the more commonly occurring class of environments,
rather than a range of phenotypes suited for the full
range of environmental possibilities. An iteroparous
strategy results in higher fitness in commonly encoun-
tered environmental situations and avoids very low
fitness in rarely encountered environmental situations.

The general conclusion that can be drawn from the
above analysis is that temporal environmental varia-
tion can select for an increase in phenotypic variation
as Bull (1987) concluded, but the opportunity for re-
peated reproduction over a time scale longer than the
scale of variation in the environment can lead to a
significant reduction in the optimal phenotypic vari-
ance. Several specific predictions can also be made.
First, we should expect, given similar measures of en-
vironmental variance, that semelparous or short-lived
organisms will show greater phenotypic variation than
will iteroparous and longer-lived organisms. Silver-
town (1985) gives data on variation in seed morphol-
ogy among annual and longer-lived species of the genus
Crepis that agree with this prediction. Second, we should
expect the difference in phenotypic variance between
iteroparous and semelparous organisms to be greatest,
on an absolute scale, when environmental variation is
greatest. Third, among individuals within populations,
or between years within populations, phenotypic vari-
ance should be positively correlated with fecundity.

Both Bull (1987) and I assume that there is no en-
ergetic cost associated with increasing phenotypic vari-
ance. Such variance might well be the result of random
developmental noise and carry little or no cost. How-
ever, this assumption may be incorrect in many cases.
Cost may be incurred through the regulation of the
expression of progeny phenotypes or through differ-
ential investment in progeny. Asynchrony in ripening
time of fruits in species with animal-dispersed seeds
may result from selection imposed by variability in the
time of arrival of dispersers (Smythe, 1970; McDonnell
etal., 1984). Gorchov (1985) has shown that seed num-
ber per fruit is the likely proximate agent controlling
ripening time in Amelanchier arborea and Vaccinium
corymbosum. In each of these species, it appears that
total seed production could be increased through an
increase in the average number of seeds per fruit, but
this would result in a more uniform ripening time (Gor-
chov, pers. comm.). Thus, phenotypic variation in rip-
ening time in these species is more costly than simple
developmental noise. With such costs associated with
phenotypic variance, we might expect that the effec-
tiveness of alternative means of adaptation, such as
iteroparity, will be increased.

The results presented here support the conclusion of
Bull (1987), and the suggestion of others (Capinera,
1979; Crump, 1981; Kaplan and Cooper, 1984) that
environmental variation can select for phenotypic vari-
ation. However, these results point out that other as-
pects of the life history of the organism can buffer the
effects of environmental variance and decrease the
magnitude of selection for phenotypic variance in tem-
porally varying environments.
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