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From individuals to populations

¢ Individual
e Behaviour, life history, demographic rates, vital rates
e Fitness...
* Population
e Demography, structure, dynamics, invasion, extinction

e Fitness...

N o 0

Intra-specifc interactions Inter-specifc interactions
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~Evolutionary problems

How do life history traits, behaviour, and other
ecological traits evolve?

How can we understand observed characteristics of
organisms?
How can we predict these traits?
Evolutionary traits, e.g.:
e Age or size at maturation
e Number of eggs per clutch
e Size of eggs
e Semelparous vs iteroparous reproduction
e Energy allocation (growth - reproduction - survival)
e Dispersal rate, consumption rate, death rate, ...



" Evolution of indivi

¢ Traits:
e Life history, behaviour, exploitation strategies

ual traits

* Two contrasting approaches

1.« Optimization principle »
o Life history theory
« Optimal foraging theory

2.  « Game theory »
« Adaptive dynamics

e ..that differ in important respects:

e How to take into account the (impact of adaptation on) the
environment

e How to define fitness
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~Simplification
If we ignore feedback, we can simplify the problem of
« predicting » evolution

Use the method of « Optimization »
e Optimization principle
Find the « optimal » strategy, which maximizes « fitness »
Classic refs:
e Krebs and David (1993)
e Stearns (1992)
e Roff (1992)
But:
e How to define fitness?

e How valid is this assumption? (see later)



~Optimal foraging theory (OFT)

* What’s in a name? Some classic references:

Emlen (1966) The role of time and energy in food preference.
American Naturalist 100:611-617

MacArthur & Pianka (1966) On optimal use of a patchy
environment. American Naturalist 100:603-609

Charnov (1976) Optimal foraging, the marginal value theorem.
Theoretical Population Biology 9:129-136

« ...the intention was to develop more mechanistic ways of thinking
about population and community dynamics by blending
evolutionary biology with population and community

ecology » (Schmitz 1997)

« The theory aimed to make evolutionary sense of the resource and
habitat differences among competing members of a guild » (Rosenzweig
and Abramsky 1997)

Created testable predictions, rigour, in a potentially « subjective »

field



Schoener (1971) introduced two measures of foraging
success that remain in standard use

e maximization of energy intake
e minimization of time necessary to obtain nourishment

arguing that foraging success is ‘assumed
commensurate with fitness’ (Perry & Pianka 1997)

Assumes the “optimization principle”



~OFT: the marginal value theorem

Fic. 1. A hypothetical environment of two patch types. The predator encounters
prey only within a patch, but spends time in traveling between patches. Patches were
labeled H or T by the flip of a coin.

Charnov (1976) Optimal foraging, the marginal value theorem.
Theoretical Population Biology 9: 129-136



Charnov (1976)

PATCH TYPE I

PATCH TYPE 2

-
-
-
-

Energy intake while in a patch hi(T)

Time in patch (T)

Fic. 2. The energy intake for 7' time spent in a patch of type i is given by k(7).

This function is assumed to rise to an asymptote.



The patch use model

/ We define as follows:

P; = proportion of the visited patches that are of type i (i = 1, 2,..., R).
E; = energy cost per unit time in traveling between patches.
E,; = energy cost per unit time while searching in a patch of type i.

h(T) = assimilated energy from hunting for 7" time units in a patch of
type ¢ minus all energy costs except the cost of searching.

g{T) = h(T) — E,; + T = assimilated energy corrected for the cost
of searching.

The time for a predator to use a single patch is the interpatch travel time ()
plus the time in the patch. Let T, be the average time to use one patch.

Tu=t+ZP§°T".

T'is now written as T to indicate that it may be different for each patch type.
The average energy from a patch is E, .

E, =) P;g{T).
The net energy intake rate (En) is given by:

En = E, _Tt : ET. (1)

Charnov (1976)



En may thus be written as

En___ZPs'g.-(Te)—t'Er. )

t+2P."T¢

_ i ) (2) may be written
(from the standpoint of a patch type of interest j) as:

_ Pg(Ty)+ 4
Eﬂ— P"T’-I‘B ) (3)

where A4 and B are not functions of 7. A and B are found by equating terms
in (2) and (3), naming one patch type as j.



X If § is being visited, the predator is assumed to control only T;. The optimal
/ value of T is given by a rather interesting theorem. For some set of patches

- being visited, write En as En* when all T are at their optimal values. When this
is true T satisfies the following relation.

2AT3) _ gy .y
oT, — En*, forall 7 =j. (4)

The predator should leave the patch it is presently in when the marginal
capture rate in the patch (9g/0T) drops to the average capture rate for the habitat.

a(T)=En-T,

intake g,(T.)

Energy

Time in patch T;j

Fic. 3. Optimal use of a patchy habitat. The energy intake functions g«(7T;), are
shown for a habitat with two patch types. If the ray from the origin with slope En* is
plotted, the appropriate time to spend in each patch is found by constructing the highest

line tangent to a g,(T) curve and parallel to the ray. The lines and the resulting times are
shown for the two patch types.
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e marginal value theorem
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The marginal value theorem, following Charnov (1976). The x-axis represents time spent
iravelling (to the left of the y-axis) or time at the foraging patch (to the right of the y-axis).
The y-axis shows food gained, described by the loading curve (solid curve), which asymptotes
due to patch depletion. The optimal leaving time (vertical arrows) is found by drawing the
tangent from the central place to the loading curve, here shown for a long (a) and a short
(b) travel time. The optimal leaving time is longer for the former (c) than the latter case (d).

From: Mayhem (2006)







