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The role of past investment in parental-care
behaviour has often been controversial.
Some researchers have argued that organ-
isms basing present investment on past
investment are committing the ‘Concorde
fallacy’. Others have incorporated life
history theory to suggest that investing
according to past investment is one
component of investing according to ex-
pected future reproductive success: a parent
can use past investment as well as other
information, such as brood size, to make
its optimal parental-investment decisions.
Although parental-investment research is
still in its infancy, the incorporation of life
history theory suggests that the Concorde
fallacy is a misleading concept.

A goal of parental-investment re-
search is to understand how organ-
isms decide the quantity of effort
they will allocate to the survivorship
of their present offspring. Dozens of
papers have addressed whether
parents should incorporate past
investment into their parental-
investment decisions (see review
by Curio' and also Refs 2-12). Some
authors have argued that if past in-
vestment is used, the organism is
committing an error of judgement,
called the Concorde fallacy. The
purpose of this paper is to help
clarify how past investment is incor-
porated into parental-investment
decisions. Life history theory shows
that the Concorde fallacy has been a
misleading concept for parental in-
vestment.

What is the Concorde fallacy?
Trivers'? placed parental invest-
ment within the context of a cost of
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reproduction'®. He explicitly recog-
nized that investment has a costand
defined parental investment as ‘any
investment by the parent in an indi-
vidual offspring that increases the
offspring’s chance of surviving (and
hence reproductive success) at the
cost of the parent's ability to in-
vest in other offspring’. Trivers em-
phasized that decisions should
be based on minimizing wastage of
past investment.

Dawkins and Carlisle!'> !¢ first drew
the analogy between Trivers' invest-
ment model and the British govern-
ment's investment in the Concorde
airliner (see Wilson'’). It seemed
that the amount of past investment
rather than the probability of fu-
ture rewards determined additional
government expenditures on Con-
corde. They, and others'®'?, argued
that a parent’s behaviour should be
determined by the expected future
pay-off rather than by whether past
investment would be wasted. The
phrase ‘commit the Concorde fal-
lacy’ was coined by Weatherhead?"
and Dawkins and Brockmann?' to
describe organisms that behaved in
this apparently uneconomical man-
ner.

Surprisingly, while numerous
papers refer to the ‘Concorde fallacy’,
there is no explicit definition of it in
the research literature??. The prin-
ciple is that an organism should not
behave to minimize wastage of past
investment, rather it should maxi-
mize expected future benefits!® v
From this, the Concorde fallacy can
be defined as decisions based
on past investment patterns rather
than expected future benefits.
Although Dawkins and Carlisle ac-
knowledged that past investment
can influence ability to invest in the

(A

future, they trivialized this relation-
ship. Their emphasis on future
benefits alone led to the working
hypothesis: if an organism bases
present investment on past invest-
ment, then it is committing the Con-
corde fallacy?'2.

Tests of the Concorde fallacy

Many researchers have at-
tempted to test the working hypoth-
esis of the Concorde fallacy (eg.
Refs 20-25). A typical test would
involve manipulating clutch or
brood size to uncouple a parent’s
past investment and expected fu-
ture benefits (Box 1). If the parent's
present investment was influenced
by its past investment, the re-
searcher concluded that the parent
was committing the Concorde fal-
lacy. From these tests, several re-
searchers concluded that organisms
do commit the Concorde fallacy. Un-
fortunately, the working hypothesis
of the Concorde fallacy is inconsist-
ent with life history theory, making
this conclusion inappropriate.

The importance of life history theory in
understanding parental investment

Parental-investment theory has
only recently begun to incorporate
life history theory*?’ Life history
theory is concerned with how natu-
ral selection optimizes the allo-
cation of resources among compet-
ing demands to maximize lifetime
reproductive success. Organisms
are therefore ‘optimal’ subject to
the constraints across which the op-
timization process operates®. Two
major points from life history theory
are particularly relevant to the issue
of the Concorde fallacy.

First, there is a cost to reproduc-
tion; energy allocated to one func-
tion. such as reproduction, is not
available for use elsewhere'*. This
cost, though often difficult to detect
empirically, will be expressed in fu-
ture reproductive output, through

L.
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either decreased adult survival or
lower progeny number or qual-
ity?®3° The cost of reproduction
results in a trade-off between in-
vesting in the present and ability
to invest in the future. Any change in
present investment must therefore
change an organism’s ability to in-
vest in its future. If past investment
is defined as the cumulative sum of
investments to the present time,
then past investment must also be
important in determining an organ-
ism’s ability to invest in the future.
This relationship between past and
future investment is an important
life history component of parental-
investment decisions.

Consider the simple case of a
parent in a constant environment,
with a fixed resource budget to
invest during its lifetime. Any in-
crease in past investment must
be accompanied by a decrease in
resources for future investment. If
future reproductive success is de-
termined only by future investment,
it follows that making decisions ac-
cording to past investment must be
one component of making decisions
according to expected future repro-
ductive success ((a) in Box 2). In
situations where the total resources
for investment change during the
life of the organism, future invest-
ment continues to be affected by
past investment, but to a lesser de-
gree ((b) in Box 2). For example,
chance success in foraging might
increase the size of the resource
budget, and chance failure to find
food might cause it to shrink. Simi-
larly, factors other than future
investment can influence future
reproductive success. For example,
changes in the environment that
influence offspring survivorship
dictate that future reproductive
success will no longer be com-
pletely determined by future in-
vestment ((c} in Box 2). As more
stochastic variables are added, past
investment becomes less reliable
as the sole predictor of future repro-
ductive success. In the most ex-
treme case, the combination of (b)
and (c) in Box 2, past investment
may have a small effect on future
reproductive success ((d) in Box 2).
However, even here, a cause and
effect relationship persists between
a change in past investment and
change in future reproductive suc-
cess.

Second, an organism that be-
haves to maximize its remaining
lifetime reproductive success at
every point in its life will on average
maximize its lifetime reproductive
success?®!'. Remaining lifetime repro-
ductive success can be viewed as
having two components: success via
the present brood and success via
all future broods. Life history theory
shows that remaining lifetime repro-
ductive success can only be maxi-
mized if a parent invests according
to the value of the present brood
relative to the value of its expected
future broods?’. But since the value
of the parent's expected future
broods is also determined by its
past investment, organisms may
base present investment on past
investment. Investing according to
past investment is one component
of investing according to expected
future reproductive success fe.g.
Ref. 32).

Unfortunately, research on the
Concorde fallacy has not incorpor-
ated these life history principles.
For example, in Box I, because the
females with initial clutches of four
eggs (group B) had expended more
past investment than females that
started with two eggs (group A),
their expected futures must be less
than females in group A. Even
though both groups of parents
ended up with two eggs to defend,
the relative value of those eggs to
group B females was greater than
their value to group A females. There-
fore, life history theory predicts that
females in B will defend more than
those in A. Indeed, some studies
have found that organisms do re-
spond to past investment as pre-
dicted by life history theory®.

Since life history theory predicts
the same investment decisions as a
concordian interpretation, an inter-
esting dilemma arises. The working
hypothesis of the Concorde fallacy -
‘if a parent bases present invest-
ment on past investment, then it is
committing the Concorde fallacy’ —
cannot be correct from a life history
perspective. Because investing ac-
cording to past investment is one
component of investing according
to expected future reproductive
success, organisms basing present
investment decisions on past in-
vestment are maximizing lifetime
reproductive success. They are not
making an error based on false

Box 1. Experimental tests of the Concorde fallacy

This illustrates an experimental design
used to test whethera parent will-commit the
Concorde fallacy. We assume that parental
investment is provided by a female bird.
Nests are divided into two types: those with
initial clutches of two eggs (A) and those with
four eggs (B). Part way through the brood
cycle, the experimenter refmoves two eggs
from the four-egg clutches {B). At this-point,
females in B will have expended more
parental investment due to the costs. of incu-
bation®. The willingness of each femnale to
defend its nest is then compared by present-
ing a dummy egg predator and scoring the
female's defensive aggression. According to
a concordian interpretation of this exper-
iment, if females in B-defend more than those
in A, they are said to be committing the Con-
corde fallacy (because they are basing thsir
present investment ontheir past investment}.

Box 2. Possible relationships between past
investment (P1); future investment (F1), and future
reproductive success (FRS)

(a) No change in resource budget
Pl —»FI
F{ — FRS

P ——————» FRS

(b) Change in resource budget

Pt- - -F|
Fi —» FRS
Pt ———————mFRS

{c) Other factors influence FRS
Pl——Fi

FI- - -»FRS

{d) Change in resource budget and other fac-
tors influence FRS

A i
FI -~ 3FRS
Pl — — — — »FRS

A solid line means ‘completely determines’, a
narrowly dashed line means ‘partially deter-
mines’, and a widely dashed fine means
‘weakly determines’. In {(a}, changes in Pl di-
rectly determine changes in FRS. in (b) and
{c), changes in Pl only partislly determine
changes in FRS because of the weakened
relationship between Pl and Fi, and Fl and
FRS respectively. in (d), changes in Pl only
weakly determine changes in FRS.
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reasoning (the definition of fal-
lacy?*!). Thus it is a misleading con-
clusion that animals commit the
Concorde fallacy.

Cues for determining investment

There are many cues that organ-
isms may use to determine their
optimal current investment. Past in-
vestment is only one of these. For
example, parents may be able to
count their offspring or evaluate
their environmental resource base.
The use of these cues will depend
on their predictive value relative to
the costs of developing and main-
taining the neurological, physiologi-
cal and morphological machinery to
use them. Unlike many species-
specific sources of information, the
fact that past investment always in-
fluences the relative value of the
current brood suggests that it will
often be involved in the parent's
cues for determining investment.

Risk as past investment

Should past investment involving
risk to the parent, the offspring or
both influence present investment?

Imagine a nesting male fish de-
fending his brood of young from
predators. Suppose that a large
predator representing a risk to both
the male and his brood approaches
the nest. What should the parental
male do? If he does nothing, the
predator has a probability greater
than zero of eating the brood, but
zero probability (p) of eating the
male. But if the male attempts to
defend the nest, either through
defensive displays or by attacking
the predator, his probability of get-
ting eaten increases (p’ > 0). Here
we have two parental-investment
questions. Will the male's decision
to defend depend upon the risk to
himself relative to the progeny?
Second, will the risk to the male
influence his future parental-
investment decisions?

In theory, the male should de-
value his willingness to defend his
present brood by the currency p'.
This is because p’ is also a measure
of the future young that are poten-
tially forfeited through defense of
the present brood. Thus, if p’ were
0.5, then 0.5 times the sum of ex-
pected future progeny is being in-
vested into the defense of the
present young. If the sum of ex-
pected future progeny is large, then

the willingness to take the risk
should be low. More precisely, the
relative value of the present brood
to future broods should dictate the
male’s actions?*?7,

If defensive action is taken and
the predator is driven away, the risk
to both the male and the brood is
then over. Will the risk taken by
the male influence his subsequent
parental-investment decisions? In
driving away the present predator
reduced future reproductive invest-
ment, the risk taken will necess-
arily influence future parental-
investment decisions. A second
aspect is the non-energetic invest-
ment of the risk. We defined this risk
as p', the potential investment of
future progeny into defense of pres-
ent progeny. However, p’ did not
materialize in our example because
the parental male was not eaten.
Therefore, after the incident, the
risky investment really had only one
cost — the direct expenditure of re-
sources. Although p’ should enter
the calculation of whether to take
the risk, it should not enter future
parental-investment decisions. Risk
behaviours, once taken, should in-
fluence future parental investment
only through the resource cost of the
act, not through the risk itself. There
is no necessary coupling between a
risk investment that has transpired
in the past and ability to invest in
the future.

Conclusion

The confusion surrounding the
role of past investment in parental
behaviour has been highlighted by
the Concorde fallacy. We show that
the working hypothesis of the
Concorde fallacy — basing present
investment on past investment is
fallacious — is not logically consist-
ent with life history theory. Life
history theory predicts that past
investment as well as other infor-
mation may be a useful guide to
present investment. There is no role
for the Concorde fallacy in under-
standing parental-investment theory.
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