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and more experienced than the offspring and, therefore,
would always "win." Conflict behavior would never be
favorably selected.

Trivers’ benefit and cost model could not refute
Alexander’s (1974) qualitative genetic arguments. To defend
Trivers’ theory, a new class of model was needed. Stamps,

Metcalf, and Krishnan (1978) formulated such a model.

The Stamps Model

Unlike Trivers’ model, the Stamps model made detailed,
genetic assumptions. This allowed it to make more detailed
predictions than Trivers’ model. Stamps et al. (1978) used
a single locus genetic model. This model:

1. described increases in gene frequency from zero
(Trivers’ model did not show gene frequencies);

2. assumed offspring bore a cost when performing a
selfish act in terms of a decrease in its own, reproductive
success (Trivers’ model only considered cost in terms of the
parent’s decreased reproductive success);

3. considered the possible effects of behavioral
differences in species on P.0O. conflict such as simultaneous
versus sequential offspring production (Trivers only
considered sequential offspring production in single parent
species).

The Stamps model successfully refuted Alexander’s
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(1974) criticisms. It showed that selfish alleles could
still spread to fixation in a population even though the
selfish alleles reduce the reproductive success of its
carriers. The Stamps model implied that  offspring should
be selected to successfully conflict with "larger," "more
experienced" parents despite Alexander’s (1974) assertion
that they should not.

Aside from refuting Alexander’s criticisms of P.O.
conflict theory, the model made some other important
predictions. It found that the offspring would most likely
"win" P.O. conflict [obtain a level of investment closer to
their optimal ESS (evolutionary stable strateqgy; Maynard
Smith, 1974)] when the cost to the offspring’s behavior is
small and parent’s behavior is large. It found that the
parent would most likely "win" when the cost to the parent'’s
behavior is small and the offspring’s behavior is large.
Either parent or offspring would "win" (or a compromise
solution reached) when the cost to the parent’s and
offspring’s behaviors are both large or the costs are both
small.

As well as finding conditions where offspring or parent
would "win" in P.O. conflict the Stamps model also found
that Trivers’ relationship 1/2 < B/C < 1 defining the period
where P.0. conflict would occur was inaccurate. The Stamps

model found that this relationship would not define the
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them, Hartung (1980) decided that the value of a relative to
an individual was the fraction of shared genes between their
potential offspring. Hartung’s assumptional change altered
the benefit and cost weights in the Trivers’ model.
Trivers defined benefit as units of increased reproductive
success of offspring and cost as units of decreased
reproductive success of parents’ future offspring. While
Trivers (1974) saw an offspring valuing itself twice as much
as its parent because it is twice as related to itself (r =
l) as to its parent (r = 1/2), Hartung (1980) saw an
offspring valuing itself equally to its parent because its
own offspring are as related to itself (r = 1/2) as are its
parent’s offspring (r = 1/2). Trivers’ model predicted the
conflict is over cost not benefit. The parent wants half as
much cost (C/2) as the offspring (C) but parent and
offspring agree on the benefit (B). Hartung’s model
predicted that conflict is over benefit not cost. The
offspring wants twice as much benefit (2B) as the parent (B)
and the parent and offspring agree on the amount of cost
(C). Lazarus and Inglis (1986) produced a diagram in their
paper on P.0. conflict illustrating the differences between
the models (see Figure 2).

It should be noted that while some researchers consider
Hartung’s model an advancement (Lazarus & Inglis (1986),

others do not (Bull, 1985). There is no real consensus
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the cost or benefit of an action by the loss or gain it
causes in the reproductive success of the individual plus a
fraction (r) of the reproductive success of the actor’s
relatives. Though Stamps et al. (1978) had modified
Trivers’ (1974) cost term and Hartung (1980) had altered the
method of inclusive fitness allocation, both researchers
used models where the P.0. conflict behavior was measured
using reproductive success exclusively, instead of by some
more observable behavioral unit such as the solicitation
level of offspring or volume of food given by a parent. As
more researchers began to take an interest in testing P.O.
conflict theory empirically, it became apparent that
Trivers’ (1974) cost-benefit units were too tedious and
impractical to measure in the field. Inclusive fitness was
a fine concept for a theoretical model, but the use of the
idea as a measurement device in the field was not optimal.
Because of the difficulties inherent in Trivers’ cost
and benefit parameters, Parker and MacNair (1978; 1979) and
Parker (1985) produced an entirely different model using
different fitness units. First, Parker and MacNair
abandoned Trivers’ (1974) cost and benefit terms to use more
directly measurable terms of parental investment level (m)
and offspring solicitation level (x) as behavioral units
between parents and offspring. This made the measurement of

an action simpler because the model directly employed more
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measurable quantities of parental investment and offspring
solicitation in its calculations.

Second, the Parker and MacNair model (1978; 1979),
(Parker,; 1985) used more measurable forms of fitness than the
other models. In the Parker and MacNair model, loss of
fitness is defined only by the loss of an individual’s
reproductive success (RS), not by the loss of the
individual’s RS plus a fractional loss of its relatives’ RS.
This makes measurement of fitness in the field considerably
easier. One simply needs to count the number of offspring
an individual produces, not the number of offspring produced
by particular relatives.

Third, the Parker and MacNair model included many more
parameters accounting for in-the-field differences between
species than the other models. 1In a series of five papers
published from 1978 to 1985 (MacNair & Parker, 1978; MacNair
& Parker, 1979; Parker, 1985; Parker & MacNair, 1978; Parker
& MacNair, 1979), Parker and MacNair modeled the possible
effects of monogamy, promiscuity, intra-brood conflict,
inter-brood conflict, sequential offspring, simultaneous
offspring, shared solicitation cost, unshared solicitation
cost, shared parental investment, and unshared parental
investment. No other previous model could make P.O.
conflict predictions on as many species types and

combinations of species types as the Parker and MacNair
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model. The Parker and MacNair model was the best model for
representing species-specific situations.

Despite the obvious advantages the Parker and MacNair
model had over Trivers’ (1974) in terms of field
testability, it was still created as a theoretical model,
not as a model for field testing. It still included some of
Trivers’ theoretical assumptions that are not necessarily
easy to measure in the field. The fitness of an offspring,
for example, obeys a law of diminishing returns as a
function of parental investment, m (see f(m), page 39),
where parental investment, just as in Trivers’ model, is
measured in terms of a parent’s reduced ability to produce
future offspring rather than in directly observable units
such as the weight of food given. This parental investment
unit is not necessarily easy to measure directly in the
field. Discussion in a later section, "Inherent Problems
with Application" will deal with problems and solutions to

applying Trivers’ parental investment measure to the field.

The Feldman and Eshel Model

Feldman and Eshel (1982) realized no P.0. conflict
model had yet answered the question of whether a parental
interference allele could evolve to counter the effects of

an offspring selfish allele. They developed a two-locus

genetic model to answer this question.
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Their model produced two interesting results. One is
that although a parental interference allele can succeed
against an offspring’s selfish allele, this can only occur
in cases where a lack of selfish alleles in offspring is
already in a stable state of equilibrium. In other words, a
parental interference allele cannot itself cause a reduction
in offspring selfishness. If a selfish allele is already in
a stable equilibrium state, then the parental interference
allele cannot actually reduce the selfish allele frequency
(i.e., parental interference alleles cannot eliminate past
P.O. conflict evolution).

Second, Feldman and Eshel found that, not only is
Trivers’ (1974) inclusive fitness method of measuring the
costs and benefits of behavior impractical, it is also
inaccurate. The model found that the inclusive fitness of
an individual is not increased by P.O. conflict. Trivers’
model assumed that it was. Since many prior models of P.O.
conflict (Hartung, 1980; Stamps et al., 1978) used Trivers’
cost and benefit terms, it can only be deduced that these
models are prone to produce inaccurate empirical predictions

in the field along with Trivers’ model.
The Bull Model

Bull (1985) was unsatisfied with the fact that no model

of P.0. conflict had taken into account the effects of
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environment on P.O. conflict level. He, therefore, produced
a model specifically designed to account for environmental
effects. Like Parker and MacNair (1978), he avoided the use
of Trivers’ (1974) cost and benefit terms. He did not
define an individual’s own reproductive success by the
reproductive success of the individual’s relatives. Bull
(1985) used a very specific model. He simulated an annual
plant that produces its seeds sequentially from stored
resources. The number of offspring per plant is limited by
the resource, and the offspring are produced sequentially
during brief time intervals. All surviving offspring breed
in the generation following birth.

Bull’s model produced some important results. First,
it showed that the optimal (ESS) level of parental
investment may be influenced by properties of the
environment (maybe temperature, soil, water, light levels).
Second, it showed that the nature of P.O. conflict could
depend on properties of the environment (maybe conflict
is over water at some times and minerals at other
times). Third, it showed that parent and offspring ESS
values can be similar enough under certain environmental
conditions that P.O. conflict is not measurable in the field
(for example, it may not benefit the offspring to extract
more PI than the parental optimum because it may kill the

parent). All these findings establish the necessity of
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environmental variance parameter, a parameter that measures
investment from non-genetic causes . A model needs an
environmental variance parameter if it is going to predict

P.0. conflict levels in the field accurately.

Summary

The P.O. conflict literature has been researched and
some qualities necessary for a field testable model have
been found. These qualities are that the model:

1. Should avoid the use of inclusive fitness as a

fitness measurement;

2. Shall use quantifiable measurements of parent-
offspring conflict other than Trivers’ (1974) cost and

benefit terms;

3. Should account for differences in family type
(monogamous, polygamous, sequential offspring, simultaneous
offspring, etc.);

4. Should include a parameter for environmental

variance.
Because a goal in this project is to find a suitable model
for empirical field testing, these qualities will be

utilized when evaluating P.O. conflict models in the next

section.
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cost the parent any future reproductive success.

2. Assuming a solicitation behavior in seeking a
certain level of PI where it is not.

3. Confusing sibling competition behavior with
parent-offspring conflict [may include 1. and/or 2.].

4. Assuming a parent in a two-parent investment case
is selected to give just as much parental investment as in a
one-parent case.

5. Assuming a parent gives only whole number ratios
of investment to a sibship.

Predictions on P.0O. conflict were then made based on
the calculations of the model. These predictions were that

P.0. conflict would be increased when:

1. There is untrue monogamy over when there is true
monogamy .
2. One parent is vulnerable to offspring solicitation

over both parents being vulnerable to offspring
solicitation.

3. Solicitation costs are shared by the brood rather
than by the individual offspring.

4, Offspring are simultaneously produced, and one
parent raises the offspring or offspring are sequentially
produced, and two parents raise the offspring.

5. Solicitation costs are low, and/or the cost of

increasing investment are low.
























