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Abstract.-Although the male competition half of sexual selection theory is now widely applied 
in plant studies, there is still little agreement on female choice in plants. One of the main reasons 
is that plants probably have relatively little opportunity to choose males directly. Choice is 
more likely to be exerted on traits of postpollination entities such as pollen tubes, endosperms, 
or embryos, which seems to place the interactions into the realm of parent-offspring relations 
rather than sexual selection. Nevertheless, these two kinds of interactions have much in com- 
mon; they have similar underlying causes and at least sometimes lead to similar results. More- 
over, if genomic imprinting (differential expression of alleles inherited from the mother and 
father) turns out to be common, parent-offspring conflicts will often turn out to be a special 
case of male-female conflicts. These similarities suggest that it may indeed be useful to try to 
apply theory and methods from one area to the other. As an example, a new method is described 
for investigating the history and resolution of both male-female conflict and parent-offspring 
conflict. 

Darwin's theory of sexual selection was originally conceived to account for 
ornaments and weapons of male animals that seemed inexplicable under natural 
selection alone. The theory has proved exceedingly useful in the hands of zoolo- 
gists. The history of thinking about sexual selection in plants is both shorter and 
more fraught with controversy (see Willson 1994). Some of the reluctance to 
apply sexual selection to plants can certainly be chalked up to a general resistance 
to new ideas and to an unfamiliarity among botanists with the revolution in think- 
ing about the evolution of social interactions that began in the 1960s. But there 
continues to be some resistance to applying a sexual selection framework to 
plants even among biologists well versed in both botany and evolutionary theory. 
The extent of continuing resistance differs for the two major types of sexual 
selection. There is growing acceptance of the reality and importance of male-male 
competition in plants, including hermaphrodite plants (see, e.g., Willson and Price 
1977; Queller 1983a; Bell 1985; Stanton et al. 1986). But female choice in plants 
remains much more controversial, with both advocates (see, e.g., Stephenson 
and Bertin 1983; Willson and Burley 1983) and skeptics (see, e.g., Charlesworth 
et al. 1987; Queller 1987; Lyons et al. 1989). There are several reasons for this, 
but I will focus on only one. 

If female plants (or the female half of hermaphrodite plants) make choices 
affecting paternity, they are probably not generally choosing the male parent 
itself. Plants lack the mobility and the kinds of sensory capabilities that female 
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animals use to assess and choose among a large number of males. If choice 
occurs, it usually does so after pollination. Thus the actual entity being evaluated 
would be not the male itself but pollen tubes, endosperms, or embryos. Some 
scientists are unwilling to view this kind of selection as female choice of males, 
and, as I have argued previously (Queller 1987), there are some important differ- 
ences that lend support to this view. Such interactions may be better thought of 
as falling within the distinct realm of parent-offspring relations. 

On the other hand, there are some compelling similarities between male-female 
relations and parent-offspring relations. It is the similarities that will be the focus 
of this article. It is not my goal to review the literature or to resolve the issue of 
whether choice in plants constitutes sexual selection. Given that there are both 
similarities and differences from choice in animals, a case could be made in either 
direction. But whatever labels we choose, thinking about the similarities may 
yield dividends. Of course, this is the kind of point that advocates of applying 
sexual selection to plants have been making for years. I will argue that the inter- 
change should not be a one-way street. If zoologists are correct in insisting that 
botanists apply female choice concepts, and if plant biologists are correct that 
the phenomena are more like parent-offspring interactions, then perhaps both 
could benefit by considering the similarities between the two realms. Specifically, 
it might be useful to bring some of the insights of sexual selection thinking to 
parent-offspring interactions in animals as well as plants. 

SIMILAR PHENOMENA 

My own work has focused on both male-female relations and parent-offspring 
relations. When I reflect on what drew me to these two areas, what stands out 
is that both involve an intricate interweaving of cooperation and conflict that may 
be found nowhere else. The emphasis has been different in the two areas. Recent 
research in sexual selection focuses especially on the conflicts involved, both 
among males and between any given male and female. But we should not lose 
sight of the fact that sexual reproduction is fundamentally a cooperative process. 
Parent-offspring relations, on the other hand, are conventionally thought of as 
cooperative. The cooperation (or more accurately, the altruism of parents to 
offspring) is so obvious that it was not until 1974 that it became clear that genetic 
differences between parents and offspring lead almost inevitably to some conflicts 
(Trivers 1974). The argument for conflict has proved difficult to accept (Alexander 
1974), but it is supported by population-genetics models (see, e.g., Parker and 
Macnair 1978; Stamps et al. 1978; Macnair and Parker 1979). 

At a deeper level, there is a pronounced similarity in the kinds of roles played. 
In sexual selection males compete with each other for access to females, while 
females have the opportunity to choose among the competing males. In the par- 
ent-offspring relationship, the offspring act in a way parallel to males, competing 
for parental resources by means such as begging or fighting. The parent who 
provides the resources is therefore offered an opportunity to choose among the 
offspring, perhaps choosing which ones to abort (Stephenson and Bertin 1983) or 
simply favoring some offspring with more resources that others. 
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But does this similarity in the possible kinds of interactions really lead to similar 
results? Because many parent-offspring interactions take place at the physiologi- 
cal level, it may be difficult to detect parallels to the kinds of weapons and 
ornaments that evolve through sexual selection. But there are some instructive 
examples. The embryonic membranes of early pronghorn embryos form a ne- 
crotic tip that is used to dispatch any siblings competing for spots in the same 
horn of the uterus (O'Gara 1969). Whether this structure has been specially modi- 
fied for this purpose is unclear. A recent study of coot chicks (B. E. Lyon, J. M. 
Eadie, and L. D. Hamilton, personal communication) shows that offspring also 
evolve ornaments in the context of parental choice. Coot chicks have a number 
of strikingly colored traits, among them long, orange filaments at the end of 
their down feathers. Experimental manipulations show that the orange filaments 
function to aid the chick in its sibling competition for parental resources. This 
indication of the importance of parental choice characters suggests that other 
offspring characters may need reevaluation and makes it seem likely that similar, 
but less apparent, adaptations will exist at the physiological level. 

SIMILAR UNDERLYING CAUSES 

If male competition and female choice find close parallels in offspring competi- 
tion and parental choice, then there must be some similarity to the underlying 
causes of the two sets of phenomena. I would describe the underlying condition as 
follows: one set of individuals willingly provides a limiting resource to members of 
another set. The provision of a limiting resource is what engenders the competi- 
tion among members of the second set of individuals, either males or offspring 
(or pollen tubes or endosperms). Competition for limiting resources is, of course, 
not unusual in the biological world. What makes these cases more unusual and 
more interesting is that the resources are willingly provided by other individuals. 
A parent willingly provides resources to offspring. There may be disagreement 
with offspring over how much resources go to which offspring, but it is the 
willingness, indeed the necessity, of such parental transfers that lends these inter- 
actions their peculiar mixture of cooperation and conflict. Similarly, in order for 
a female to reproduce in a sexual species, the resources she provides to her 
offspring must also benefit a male, who in most cases does not make an equivalent 
contribution. A female must agree to such a transfer if she is to succeed, but she 
need not agree to aid any male who desires it. She can choose. This mixture of 
a willing transfer of resource and an unwillingness to transfer it to just anyone 
may be pervasive in the male-female and parent-offspring relationships but rare 
elsewhere. 

The nature of the conflicts can be made plain using inclusive fitness arguments 
(Hamilton 1964a, 1964b). If one individual can affect the disposition of a limiting 
resource between two competitors, it will favor the first of the two if r,b > r,c. 
Here b is the fitness benefit to the individual who gets the resource, c is the cost 
to the individual who does not, and the two r's are their relatedness to the 
individual who controlled the transfer. These relatednesses are different for differ- 
ent potential controllers. The behavior is favored when the summed genetic bene- 



SOCIAL CONFLICT S87 

mother female 

offsprin 

male 

cost t o  mother's cost t o  female's 
other offspring other offspring 

FIG. 1.-Inclusive fitness conflict regions for (A) mother-offspring and (B) female-male 
interactions. The lines plotted are inverse relatedness ratios for each party (see formula [ I ]  
in text). They define the conditions under which that party is indifferent to an exchange. 
Selection should favor the exchange above the line and disfavor it below. Conflicts between 
the two parties are expected for benefit-cost ratios between the plotted indifference lines. 

fit on the left exceeds the summed genetic cost on the right. Rearranging, we get 
a threshold benefit-cost ratio, which must exceed the inverse relatedness ratio: 

Figure 1A shows a standard application of this logic to parent-offspring conflict, 
as originally conceived by Trivers (1974). Suppose a mother has more young than 
she can raise and must choose some to terminate. I assume here (and elsewhere, 
unless indicated) that the offspring are half sibs, but this assumption is not crucial 
to the argument. The mother's benefit-cost threshold is given by the slope of the 
upper line, one. Her relatednesses are equal, and she therefore considers only 
the summed benefits and costs. Any given offspring has a different point of view, 
its relatedness ratio being one-fourth (for its sibs) to one (for itself). The region 
between the lines represents the conflict zone, in which the mother favors termi- 
nation of the offspring but the offspring resist. 

Now let us back up and consider the mating process (fig. 1B). The mother 
weighs her investment in potential offspring. If she mates with male 1, she gets 
a certain offspring, with some expected benefit. This comes at a cost to another 
offspring that she would have had if she had chosen male 2 (same egg, but differ- 
ent sire). She is related equally to both potential offspring and makes her choice 
solely according to the anticipated costs and benefits. The male views it differ- 
ently. If he succeeds at mating, he will be related by one-half to the offspring 
who gets the maternal resources; if he fails, he will be unrelated. His relatedness 
ratio to the affected parties is therefore zero, and there is a large zone of conflict. 
This kind of inclusive fitness analysis is not usually applied to sexual selection, 
since one can readily understand it in terms of individual selection. Putting sexual 
selection into the same language as parent-offspring conflict simply serves to 
make their similarities transparent. 
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FIG.2.-Inclusive fitness conflicts in the angiosperm seed. Lines of indifference are plotted 
in the same manner as for fig. 1. The diagram at right shows gene transmission patterns, 
beginning with the two maternal alleles (top) and the two paternal alleles (bottom). The 
triploid endopsperm is genetically identical to its embryo, except that it has an extra maternal 
complement. 

So, mald-female relations and parent-offspring relations seem to share a core 
cause that should promote the twin phenomena of competition and choice. One 
party (usually a female or a mother) provides resources to kin. This means she 
can and should make choices that will maximize her welfare, including what other 
genes get to be fellow beneficiaries along with her own. Another party (usually 
males or offspring), also interested by virtue of actual or potential kinship, tries 
to bias those choices toward its own interest. It is the combination of a willing 
transfer of resources along with conflict over where it should go that gives these 
two cases their distinctive character. 

For flowering plants the picture is more complicated but not different in princi- 
ple (fig. 2). In addition to the mother and the embryo, there is a physiologically 
active pollen tube (male gametophyte), a multicellular maternal gametophyte, and 
the triploid endosperm that is usually identical to the embryo but for an extra 
dose of maternal genes. It is clear that the angiosperm seed is fertile ground for 
conflict among the various parties, and it should also not be surprising that the 
peculiar triploid endosperm serves as a nurse tissue for its embryo (for discus- 
sions of the seed tissue interactions, see Charnov 1979; Westoby and Rice 1982; 
Queller 1983b, 1984, 1989; Willson and Burley 1983; Law and Cannings 1984; 
Haig and Westoby 1989). 

Note that the offspring strategy is in some sense a compromise between the 
interests of its two parents. The conflict among parents gets carried on but is 
reduced because of the mixing of their genes. It is not an exact compromise, 
however. As shown in figure 2, it is actually an exact compromise between the 
two parental gametic (or gametophytic) interests, and these gametic interests may 
already differ somewhat from the parental interests because of the reduction 



SOCIAL CONFLICT S89 

division of meiosis. In the section that follows, I will consider another sense in 
which offspring interests may not be an exact mixture of their parental interests. 

SAME CONFLICT'? 

I have been arguing that parent-offspring interactions are closely analogous to 
male-female interactions. Now I want to review some evidence that there may 
be more than mere analogy at work. Perhaps the parent-offspring phenomenon 
really is largely sexual selection carried on under a new guise. 

One of the reasons for maintaining the distinction between choice of males and 
choice of offspring is being weakened by new evidence. It seems reasonable to 
define the choice in terms of who controls the trait being chosen. If it is a pater- 
nally controlled trait, like a long tail in the male, then we are talking about choice 
of males. If it is an offspring trait, like a begging call, then we are dealing with 
choice of offspring. I have been assuming that offspring behavior evolves ac- 
cording to its relatedness to itself and its sibs. The underlying assumption, which 
just about everyone routinely makes (but see Willson and Burley 1983) is that 
offspring genes cannot tell from which parent they came. 

Evidence is now accumulating that offspring genes can sometimes tell from 
which parent they came, or,  more accurately, some offspring genes are expressed 
differently depending on which parent transmitted them (Monk and Surani 1990; 
Lyon 1993). The phenomenon is called genomic imprinting. Some genes bear the 
imprint or stamp of their parental origin. Paternally imprinted genes are inactive 
only if they come from the father and maternally imprinted genes only if they 
come from the mother. The process may work through differential methylation 
of DNA transmitted through sperm and eggs (Sapienza et al. 1987; Swain et al. 
1987). 

What are the evolutionary consequences of this for offspring behavior? What 
follows is taken from the work of Haig and his collaborators (Haig and Westoby 
1989, 1991 ;Haig and Graham 1991; Moore and Haig 1991). First, make the follow- 
ing assumptions: mothers mate with multiple males, only mothers provide care 
for young, and offspring genes can influence the amount of maternal care. Now, 
if offspring genes can be imprinted, maternal ones should be selected differently 
from paternal ones. The paternal genes should tend to reflect paternal interests 
(extract more maternal resources), while the maternal one would tend to reflect 
maternal interests. For example, if a mutation causes the father to methylate a 
gene prior to transmission through sperm, and the effect of this methylation is to 
increase growth of the embryo, then the gene will be favored only if this action 
benefits the father. 

Haig has put together evidence that something like a parental tug-of-war is 
going on. For example, paternally expressed genes are particularly evident in the 
mammalian placenta and the endosperm of flowering plants. These are embryonic 
tissues (or quasi-embryonic in the case of the endosperm) whose function is 
getting nutrients for embryos. This location is exactly where you would expect 
paternally expressed genes to be active. 

The most elegant evidence so far is the story of mouse IGF-I1 (Haig and Gra- 
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ham 1991), or insulin-like growth factor 11, expressed primarily in embryonic 
tissues. It promotes embryo growth and is paternally expressed. A knockout 
mutation of its gene causes reduced size only when it is inherited from the father. 

The IGF-I1 factor promotes growth through a chain of events that begins with 
its binding to a normal, Type I receptor. This receptor is normal in the sense that 
it shows homology to other insulin receptors. But there is also a second receptor 
type that has puzzled researchers for three reasons. First, it was unrelated to the 
normal receptor type; it is actually the normal receptor for a different molecule 
(mannose-6-phosphate), but it has evolved a second binding site for IGF-11. The 
second puzzling feature is that it does not seem to function as a part of the 
growth-promoting signaling system. In fact, it seems to do the opposite. If you 
block the Type I1 receptor, it delays degradation of IGF-11, which suggests that 
it normally acts to increase degradation. 

Finally, there was a third puzzling feature, which ties together the other two. 
The Type I1 receptor is expressed only from maternally inherited copies of the 
gene. The offspring seems to be divided against itself. Its paternal genes churn 
out IGF-I1 to promote growth, while its maternal genes make receptor molecules 
to mop up the IGF-I1 and diminish its effects. In effect, genetic imprinting allows 
the conflict between paternal and maternal interests to be carried over into the 
bodies of their offspring. 

It is not yet known how common these kinds of effects are. Clearly, most genes 
are not imprinted, or Mendel's laws would not exist. Still, it might be true that 
a significant fraction of genes involved in offspring resource acquisition fit this 
kind of pattern. If this situation is true, then parent-offspring conflict could appro- 
priately be viewed as a kind of extension of conflict between the sexes. 

A METHOD FOR STUDYING CONFLICTS 

If parent-offspring relations are so similar to male-female relations, it should 
sometimes be true that we can employ similar methodologies in the two areas. I 
would argue that this is one of the chief advantages of ferreting out whatever 
similarities exist. The coot plumage study mentioned earlier is a case in point; 
both the conceptual framework and the experimental methods developed for sex- 
ual selection proved successful in a new context. In the rest of this section, I will 
outline a quantitative genetic research strategy that might yield important results 
for male-female conflicts, parent-offspring conflicts, and perhaps other kinds of 
conflicts as well. 

Studies of parental preference in plants have usually followed rather different 
kinds of strategies than those typically applied in studies of female preference 
(Lyons et al. 1989). The underlying difference is in the nature of the traits being 
preferred. Studies of animal sexual selection usually begin with an obvious male 
trait that might be explained by female preference: a long tail, colorful plumage, 
a raucous call, or an athletic display. But plants do not have sen-sory systems 
that would elaborate these kinds of traits through preference. Choice of pollen, 
endosperm, or embryos, if it occurs, is much more likely to be on the basis of 
physiological traits, such as hormone levels, that are not immediately apparent 
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to us. As a consequence, much of the work on choice in plants has focused on 
the issue of nonrandom paternity (Lyons et al. 1989). For the most part, we have 
been forced to study differential reproduction of individuals, leaving aside the 
more difficult and more revealing question of selection on traits. 

One solution, a difficult one, is to delve more deeply into the physiology in 
order to discover traits that might be important in physiological selection. But, 
even if we discover such traits, it will still be difficult to show that conflict is 
involved and even more difficult to show who wins the conflict. In fact, these 
points have proven very difficult for studies of parent-offspring conflict in general 
(Mock and Forbes 1992). Here I want to suggest a method that may sometimes 
be able to answer these questions, for both male-female and parent-offspring 
conflicts. 

Suppose there is an evolutionary conflict between two parties, either males 
and females, or parents and offspring. What does conflict mean in genetic terms? 
It implies that there is some issue, some event, or, speaking broadly, some pheno- 
type over which individuals of the two parties disagree. The optimum for one 
party is not the same as the optimum for the other, and each party acts as a 
selective force on the other. The phenotype over which they disagree is therefore 
a fitness component, and so it may be useful to consider the genetic architecture 
of fitness components. 

One characteristic of fitness components is that they tend to have low heritabil- 
ity. Fisher's (1930) fundamental theorem tells us that selection tends to remove 
additive genetic variation for fitness; hence fitness components will tend to have 
less additive variation than traits unrelated to fitness. The rule is not hard-and- 
fast. Negative covariances among fitness components allow some additive varia- 
tion to be maintained even when there is none for fitness itself (Charlesworth 
1987). And some traits unrelated to fitness may nevertheless have large environ- 
mental variances and therefore low heritabilities. But even if the rule were hard- 
and-fast, it would be insufficient for our purposes. It might tell us what traits are 
fitness components, but it would not say much about the past history of conflict. 

A more useful approach is to consider how the genetic variance is distributed. 
There is both theoretical reason and empirical justification for the view that the 
genetic variance of traits under directional selection will be asymmetrically dis- 
tributed. The response to bidirectional artificial selection on such a trait should 
be asymmetrical, with less response in the direction that has already been se- 
lected. There are at least two reasons to expect this: asymmetrical gene frequen- 
cies and directional dominance (Falconer 1989; Frankham 1990). For those loci 
still segregating, the common alleles should tend to be those that have been 
favored during the past history of directional selection. This asymmetry means 
there is less room for further selection in the naturally selected direction than 
back in the opposite directiod. Moreover, the rare deleterious alleles that are 
maintained by mutation-selection balance tend to be recessive or partly recessive 
(Charlesworth and Charlesworth 1987). This directional dominance adds to the 
potential asymmetry of response because selection in direction previously se-
lected against will uncover variation that is rarely expressed in the base popu- 
lation. 
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FIG.3.-Some possible outcomes of divergent selection on traits subject to conflict, when 
selection is applied separately to the two parties in conflict. The two parties are labeled A 
and B, and the three outcomes shown are A controls (A) ,B controls (B), and neither controls 
(C) .In each graph, the upper trajectory shows the response to upward selection on the trait, 
and the lower trajectory shows the response to downward selection. For simplicity, the 
responses are shown as linear, which need not be true. The key feature is the direction of 
asymmetry, if any. See text for details. 

Frankham (1990) has reviewed the literature and shown that asymmetries are 
usually in the direction expected for fitness-related traits. It is not certain how 
much of this result is due to asymmetrical gene frequencies and how much to 
directional dominance, but it is clear that artificial selection in the direction of 
increased fitness is usually more difficult than selection in the opposite direction. 

Figure 3 shows how we can apply this logic to a conflict situation. Suppose 
there are two parties, A and B, that can affect a trait, but we expect them to be 
in conflict over it. In this example, let A's optimum phenotypic value be higher 
than B's optimum. Suppose further that we can devise a way to select on A 
individuals only and another way to select on B individuals only. Selection is 
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then applied, in both directions, to both parties. An asymmetrical response sug- 
gests that the selected party has been under continuing directional selection, 
while a symmetrical response suggests it has not. Therefore, an outcome like 
figure 3A would suggest that, if there is a conflict, B is losing to A. B's asymmetri- 
cal response suggests that it has been under directional selection for larger pheno- 
types because of A's success at keeping phenotypes lower. The symmetrical 
response to artificial selection on A suggests that B has not been successful 
enough at keeping the phenotypic value high to impose consistent directional 
selection on A. Figure 3B shows the opposite result, with B winning. The result 
shown in figure 3C would suggest continuing unresolved conflict: each party 
appears to have been exerting directional selection on the other. 

To my knowledge, no one has ever undertaken this kind of study of conflicts. 
However, bidirectional selection experiments have been carried out for other 
reasons, and a few such studies come very close to the kind suggested here. 

For an example concerning male-female conflict, I will consider a study of 
mating speed in Drosophila melanogaster (Stamencovic-Radak et al. 1992). When 
a male fly and a female fly are put together, the speed with which they mate is a 
phenotypic character that could be affected by the genes of both parties. More- 
over, it is the kind of phenotypic character that might be subject to sexual selec- 
tion conflict. Males should be relatively unchoosy and ready to mate with almost 
anyone; fast mating should be a fitness-related trait for males. Females, however, 
may be more choosy, and this may be manifested in a greater reluctance to mate 
quickly. Indeed, females may have experienced a history of directional selection 
to counter the males' readiness to mate. Slow mating speeds may therefore be 
optimal for females. 

It is possible to select separately on males and females for the character of 
mating speed. The procedure involves assessing the mating speed of an individ- 
ual, say, the male, with one female, but then producing the next generation by 
breeding the fastest (or slowest) males to another randomly selected female. In 
this way, only mating speed genes expressed in males are selected. Any compo- 
nent of the assessed mating speed that was due to the female used in assessment 
is not transmitted. The converse procedure can be used for females. 

Mating speed has been selected in many studies, but only one has used the full 
design needed to test conflict hypotheses, with bidirectional selection on both 
male and female mating speed (Stamencovic-Radak et al. 1992). From sexual 
selection theory, I would predict that it would be easiest to select males for 
slower speeds and females for faster speeds, but this situation is not what was 
found. There was considerable variance in the generation means, but the overall 
trend in both sexes was toward somewhat greater response to selection for slower 
mating. This observation suggests that fast mating may have been favored by 
past directional selection in both sexes, not just in males. It is unclear why this 
should be so, in light of other evidence for sexual selection in Drosophila dating 
back to Bateman's (1948) work. Perhaps the virgin females used in the experiment 
are overdue for mating and are as ready to mate as males. Alternatively, if mating 
speed in the two sexes is controlled mostly by the same genes (there is at least 
some genetic correlation; Stamenkovic-Radak et al. 1992), then the responses to 
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selection will be similar and should reflect some compromise between the optima 
of the two sexes. But it is not my main intent to provide definitive answers to 
such questions. Rather, it is to illustrate a method that opens up new ways of 
exploring old questions. 

A related procedure may be applied to parent-offspring conflict, though in this 
case the full design has never been carried out. The character I will consider is 
weaning weight. It is potentially affected by both the parent and the offspring, 
and these two parties are expected to disagree, with each offspring favoring a 
higher weaning weight for itself than its mother favors. To carry out the design 
we must be able to select separately on maternal and offspring effects. Offspring 
effects can be selected by applying only within-brood selection. From each brood, 
select only the two largest (or smallest) offspring. Since each mother contributes 
the same number of offspring to the next generation, maternal effects on weaning 
weight are not selected (Willham 1963). When we want to select on maternal 
gene effects, apply selection between broods as much as possible (select entire 
broods of the mothers with the highest, or lowest, average weaning weights). In 
practice, this may include some offspring effects (which contribute to the average 
weaning weight), but it still provides a useful contrast to the within-brood selec- 
tion that includes no maternal effects. 

The full design for the parent-offspring case (bidirectional selection using both 
within- and between-brood selection) has not been carried out, but parts of it 
have. Falconer's (1954) selection study of 6-wk weight in mice employed within- 
brood selection only. It should therefore select only on offspring effects on 
weight. According to parent-offspring conflict theory, we might expect offspring 
to have been under continuous directional selection for higher weaning weight 
because the mother is selected to keep them below the offspring optimum (so 
she can raise more offspring). If this is so, then artificial selection only on off- 
spring effects on weight ought to be easier in the downward direction than in the 
previously selected upward direction. This is exactly what Falconer found. Even 
more interesting, though Falconer selected on 6-wk weight, he also reported 
selection responses for 3-wk weight (roughly speaking, the weaning weight) and 
growth from 3 to 6 wk. The asymmetry of response resided entirely in the period 
prior to 3 wk, the time when the mother provides milk and parent-offspring con- 
flict is expected to occur. Bidirectional selection on growth after 6 wk, when 
mothers do not provide the resources, was symmetrical. 

The asymmetrical response is consistent with a parent-offspring conflict over 
weaning weight. Specifically, it supports the key assumption that selection is 
operating on offspring genes that promote selfishness. A later experiment with 
more replicates did not show asymmetry (Falconer 1973) and would therefore 
seem to cast doubt on the result. However, the base population of this second 
experiment was constructed by crossing together several lines that had been 
previously selected for either high or low weights. This procedure can remove 
the underlying genetic asymmetries that are predicted to be present because of 
parent-offspring conflict. Mixing together lines previously selected for large and 
small weights can artificially establish symmetry that would not be there in a 
natural population selected (on offspring) only for large weights. So this second 
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experiment does not negate the interpretation of the first. In fact, it stands as a 
kind of control, showing that the asymmetry of the first experiment probably is 
due to genetic asymmetries as opposed to some other possible explanations (see 
below). 

I am not aware of any comparable experiment that uses between-brood selec- 
tion to select primarily on maternal effects of offspring weight. If mothers are 
kept under directional selection by offspring strategies trying to increase weight, 
I would predict an opposite asymmetry (easier selection for higher weight). Alter- 
natively, if mothers can effectively control their offspring's weight, there may be 
no asymmetry. An experiment by MacArthur (1944) provides some information. 
He selected on 10-wk weight using a mixture of within- and between-brood selec- 
tion and observed no asymmetry of response. This observation might indicate 
that the between-brood component of selection produces an opposite asymmetry 
that cancels out the within-brood asymmetry observed in Falconer's experiment. 
But this statement can only be a guess until someone performs the full experi- 
ment. Similar experiments could be performed on plants. 

As noted above, genomic imprinting blurs the distinction between male-female 
conflicts and parent-offspring conflicts, but there is little information on how 
common it is. A mixture of the male-female and parent-offspring protocols de- 
scribed above could help provide an answer to this question. The character se- 
lected should be the same as in a parent-offspring conflict experiment-something 
like weaning weight or seed weight. But we want to test whether paternally 
derived genes and maternally derived genes have been selected to behave differ- 
ently, with paternally derived genes being selected for greater offspring weight. 
The selection scheme should therefore be similar to that for male-female conflict. 
For selection only on paternally derived genes, we select for the next generation 
only the fathers who produced the highest (or lowest) offspring weight in a test 
cross. But we do not use their progeny from the test cross, because some of the 
offspring weight may be due to the mother's genes. Instead we remate the se- 
lected fathers to random females and use those progeny for the next generation, 
so that maternally derived genes are random with respect to their effects on 
offspring weight. To  select only on maternally derived genes, we use the opposite 
strategy. Mate females selected from test-crosses to random males. Precautions 
would need to be taken to avoid selecting for maternal effects on offspring weight, 
but this might be done (at least for postnatal growth) through cross-fostering of 
young. 

If both male- and female-derived genes responded similarly to selection, then 
this result would be evidence that imprinting is not common or at least does not 
lead to much differential selection on male- and female-derived genes. Strong 
effects of imprinting would be implicated if it were easier to select for large size 
when selecting on female-derived genes and easier to select for small size when 
selecting on male-derived genes (fig. 3C, with party A being male genes and party 
B being female genes). Outcomes like those in figure 3A and B would suggest an 
imprinting conflict that is being won by one or the other set of parental genes. 

This type of strategy could be applied to other sorts of offspring characters 
that might affect the amount of care they receive such as begging calls and the 
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types of ornaments possessed by coot chicks. Hormonal signals produced by 
maturing plant seeds would be another good target for this kind of selection 
experiment. 

This kind of artificial selection experiment offers possibilities for obtaining 
information on conflicts that cannot be gained in any other way. However, it must 
be kept in mind that there are other possible causes of asymmetrical responses to 
selection (Falconer 1989; Frankham 1990), and these factors would need to be 
carefully eliminated. For example, asymmetry can arise simply through chance, 
and the lack of replicate lines in Falconer's original experiment means the asym- 
metry observed could simply be due to drift (although it would be peculiar that 
only preweaning weight is affected in this way). This possibility is one reason I 
have treated the empirical studies described here as illustrative rather than defini- 
tive. They were not designed to study conflicts, and therefore we should not 
expect them to include all the desirable controls. 

CONCLUSION 

Most advances in sexual selection have been made by zoologists. Even applica- 
tions of sexual selection ideas to the plant kingdom have been pushed forward 
largely, though not exclusively, by zoologists who have crossed over to working 
on plants. But as we attempt to extend ideas about female choice theory to 
postpollination phenomena in plants, we are faced with a choice. First, we could 
argue that, since the entities being chosen are no longer males but are instead 
pollen tubes, endosperms, or embryos, ideas about female choice of males are 
no longer appropriate. Perhaps a distinct set of ideas is needed, derived from 
thinking about parent-offspring relations. The second choice, which I advocate 
here, is to push forward and explore the similarities between the two realms. It 
seems likely that they are sufficiently similar that many of the ideas and methods 
developed for sexual selection could be usefully applied to parent-offspring rela- 
tions as well. 

But if zoologists expect plant biologists to swallow this bit of sexual selection 
medicine, they ought to be prepared to take a dose themselves. Is there something 
special about plants that makes their parent-offspring relations uniquely amenable 
to sexual selection thinking? It seems unlikely. The more likely conclusion is that 
studies of animal parent-offspring relations could benefit as well. Yet few zoolo- 
gists have stopped to consider whether it might be useful to bring sexual selection 
ideas to the parent-offspring realm (for an exception, see West-Eberhard 1983). 

In arguing that we might profit by focusing on similarities between parent-
offspring interactions and male-female interactions, I am not suggesting that they 
are identical. I have previously argued (Queller 1987) that it is sometimes impor- 
tant to maintain the distinction. To compensate in part for my emphasis on simi- 
larities, I close with a brief discussion of several of the significant differences. 

Though both male-female conflict and parent-offspring conflict can be framed 
in terms of inclusive fitness, it is only in the latter that interactants are expected 
to be genetic relatives. If other things are equal, this relationship should usually 
lead to a smaller region of conflict. However, other things are not necessarily 
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equal. In particular, power asymmetries may play a different role in the two kinds 
of interactions. Males and females may often be relatively evenly matched, at 
least in size, though females may sometimes have an initial advantage by virtue 
of possessing the resources that males seek. Parents also have the advantage of 
initial possession of the resources, but in addition their much larger size and 
greater experience may give them a considerable advantage in conflicts with their 
young (Alexander 1974). 

The importance of runaway sexual selection is still unclear, but at least its 
dynamics are reasonably well understood (Fisher 1930; Lande 1981; Kirkpatrick 
1982). The exercise of female choice sets up a covariance between the female 
choice genes and the trait genes, so female choice indirectly selects for itself. It 
seems possible that such a process could occur for maternal choice of offspring 
traits (West-Eberhard 1983). But it is not clear if a very large covariance could 
be developed, because the mother's choices are restricted to her own progeny. 
On the other hand, because mothers choose only among their own progeny, there 
is less likely to be a direct cost to choice than there is for females who may need 
to travel in search of males. The lack of a direct cost could help promote any 
runaway process. 

Perhaps the most important difference concerns the ability to choose for good 
genes. Choice of mates with good genes may occur, but it is difficult because 
selection removes additive genetic variation for fitness. Choice of good genes in 
endosperms, offspring, and even pollen tubes is much less problematic because 
nonadditive variation for fitness can contribute to choice, and it is not eliminated 
by natural selection (Willson and Burley 1983; Bertin 1986; Queller 1987). For 
example, an embryo may be vigorous because of its particular nonadditive combi- 
nation of genes. Getting an advantage from choosing that embryo does not depend 
on the embryo's being able to transmit its fitness to its eventual offspring. All 
that is required is that the combinations of genes that cause embryo vigor also 
tend to cause vigor later in its own life. 
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